
 

 

DEPARTMENT OF ENERGY CENTER 

 

Feasibility Study for Replacement of Diesel Water Pumping System 

with PV Water Pumping System 

(A case of Borana Zone Water Supply, Ethiopia) 
 

 

 

A thesis submitted to the School of Graduate Studies of Addis Ababa Institute of Technology in 

partial fulfillment of the Degree of Masters of Science in Energy Technology 

 

 

By: Muleta Bonsa 

 

 

Advisor: Dr.-Ing. Abebayehu Assefa 

 

June, 2013 



Page | I  

 

Feasibility Study for Replacement of Diesel Water Pumping System with PV Water 

Pumping System 

(A case of Borana Zone Water Supply, Ethiopia) 

 

A Thesis Submitted to School of Graduate Studies of Addis Ababa Institute of Technology in 

Partial Fulfillment of the Requirements for the Degree of Master of Science in Energy 

Technology. 

 

Candidate 

 

Muleta Bonsa 

 

 

APPROVED BY BOARD OF EXAMINERS 

 

 

                                                                                     Date                                      Signature 

Dr.-Ing. Abebayehu Assefa                                      ______________                _______________ 

Head, Energy Center  

 

Dr.-Ing. Abebayehu Assefa                                      ______________                _______________ 

Advisor  

 

Dr. Tesfaye Dama                                                    ______________                _______________ 

Internal Examiner  

Dr.-Ing. Edessa Diribssa                                          ______________                _______________ 

External Examiner 

 

 

 



Page | II  

 

Declaration  

I hereby declare that the work which is being presented in this thesis entitled “Feasibility Study 

for Replacement of Diesel Water Pumping System with PV Water Pumping System” is original 

work of my own, has not been presented for a degree of any other university and all the resource 

of materials used for the thesis have been duly acknowledged. 

 

 

 

 

_________________________                                                                      ____________ 

 

By Muleta Bonsa                                                                                                  Date 

(Candidate) 

 

 

 

 

 

This is to certify that the above declaration made by the candidate is correct to the best of my 

knowledge. 

 

 

 

_________________________                                                                      ____________ 

 

Dr.-Ing. Abebayehu Assefa                                                                                     Date 

(Advisor) 

 

 

 



Page | III  

 

Acknowledgment  

First I would like to thank God for giving me the health, the patience and the blessing that I have 

received from the beginning to the end of the Master‟s study. Next, I would like to express my 

deepest gratitude to my advisors, Dr.-Ing. Abebayehu Assefa for his expert guidance, 

constructive comments, suggestions and encouragement without which this work could not have 

been completed. He has been a constant source of inspiration throughout my study period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page | IV  

 

Abstract  

This study assess the economic viability of solar PV systems for  water pumping project in 

Borana zone, where groundwater is the main source of water for the population, and compare it 

with the conventional option of using decentralized Diesel-powered generators to supply 

electricity to pump water from bore hole. 

 

Life cycle cost analysis for both systems have been done by accounting for the higher initial cost 

of PV system and compared it with Diesel system. However, the high running costs for the 

Diesel system could still encourage the selection of PV system considering its reliability, the 

longer life as well as the lower maintenance and operation costs. 

 

 AC submersible water pumps have been investigated to analyze the feasibility of the system 

because of the unavailability of DC submersible pumps that can operate at higher depth and 

discharge. There are 13 wells on this site and all of them are designed to operate with a diesel 

generator of 75 kW. The investigation is done on three wells with AC pumps of 22 kW, 25 kW, 

30 kW, and discharge of 7.5 l/s, and total head of 165 m and 170 m to analyze the amount energy 

saved in each case and the total area required for PV installation. The rest of the wells have 

similar discharge, head and aquifer with the selected wells because the distance between each 

well is 500 m only.  

 

The comparison between both systems was extended to cover the environmental impacts. 

Environmental impacts have been identified and discussed because there is a higher concern 

worldwide regarding environmental issues including greenhouses gases emissions. 

 

The result obtained indicates that the project will start generating profit in the fourth year of 

operation, the unit water cost for all cases of PV system are less than that of unit cost of DG 

systems and important financial parameters such as IRR, equity pay-back and NPV show solar 

energy is the viable alternative source of energy for water pumping systems in the study area. 

 

The economic analyses were done using RETScreen-4 software to investigate the financial 

feasibility and cash flows for water pumping system. 
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CHAPTER ONE 

1. General Background  

1.1 Introduction  

Water resources are essential for satisfying human needs, ensuring food production, and the 

restoration of ecosystems, as well as for social and economic development and for sustainable 

development. 

 

However, according to UN (2003), World Water Development Report, it has been estimated that 

two billion people were affected by water shortages in over forty countries, and 1.1 billion did 

not have sufficient clean drinking water. There is a great and urgent need to supply 

environmentally sound technology for the provision of drinking water. Remote water pumping 

systems are a key component in meeting this need because most of the peoples in developing 

countries are living in off-grid area. 

 

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

minimum effort. These have utilized a variety of power sources, including human, animal, wind, 

solar, hydropower and fossil fuels. Utilization of these power sources has their own advantages 

and disadvantages. 

 

Historically pumping from boreholes in Ethiopian off-grid areas has been predominantly 

achieved with Diesel generators. Diesel water pumping systems became more attractive during 

the second half of the twentieth century with the development of the fuel supply infrastructure 

and the technology to allow Diesel driven engines to pump water from boreholes. Diesel pumps 

have the advantage of pumping water on demand, also in varying daily discharge, depending on 

the operating times and over high heads. Diesel engines have a fairly low capital cost but higher 

operation costs because it relies on fossil fuel cost variations and exchange rate fluctuations. 

Furthermore, Diesel engines require regular maintenance which is linked to the hours of 

operation and have a fairly short life. Its life is highly depends on the level of maintenance, the 

operating conditions and the quality of the engine and the installation.  
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Hand pumps are used for pumping water from shallow wells particularly in the communal areas. 

These are rugged devices which are easy to maintain and have low capital cost. They are, 

however, limited in terms of the pumping volumes and depth of installation (hydraulic load limit 

of less than 250 m
4
/ day). 

 

Wind pumps have a long service life, are able to deliver water from depths of 300 to 400m, 

require basic skills but are work intensive to maintain. Wind pumping systems are, however, not 

simple to install and require larger water storage than for example a Diesel or solar pumps to 

provide for periods of low wind. 

 

Solar pumping systems offer a clean and simple alternative to fuel-burning engines and 

generators for domestic water, livestock and irrigation. Solar pumps are most effective during 

dry and sunny seasons and require no fuel deliveries, minor maintenance, easy to install, 

naturally matched with solar radiation as usually water demand increases during summer when 

solar radiation is a maximum, and less expensive than other alternative sources of energy such as 

windmills. 

1.2 PV System Background  

Solar energy technologies have a long history. Between 1860 and the First World War, a range of 

technologies were developed to generate steam, by capturing the sun‟s heat, to run engines and 

irrigation pumps (Smith, 1995). Solar PV cells were invented at Bell Labs in the United States in 

1954, and they have been used in space satellites for electricity generation since the late 1950s 

(Hoogwijk, 2004). The years immediately following the oil-crisis in the seventies much interest 

has been seen in the development and commercialization of solar energy technologies. However, 

this development of solar energy industry of the 1970s and early 80s collapsed due to the sharp 

decline in oil prices and a lack of sustained policy support (Bradford, 2006). Solar energy 

markets have regained momentum since early 2000, showing a phenomenal growth recently. The 

total installed capacity of solar energy based electricity generation capacity has increased to more 

than 40 GW by the end of 2010 from almost negligible capacity in the early nineties (REN21, 

2011). 
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Solar energy has experienced a remarkable technological shift. While early solar technologies 

consisted of small-scale photovoltaic cells, recent technologies are represented by concentrated 

solar power and also by large-scale PV systems that feed into electricity grids. The costs of solar 

energy technologies have dropped substantially over the last 30 years. For example, the cost of 

high power band solar modules has decreased from about $27,000/kW in 1982 to about 

$4,000/kW in 2006; the installed cost of a PV system decreased from $16,000/kW in 1992 to 

around $6,000/kW in 2008 (IEA-PVPS, 2007; Solar buzz, 2006, Lazard 2009). The rapid 

expansion of the solar energy market can be attributed to a number of supportive policy 

instruments, the increased volatility of fossil fuel prices and the environmental externalities of 

fossil fuels, particularly greenhouse gas (GHG) emissions. 

 

Figure 1.1 Declining costs of PV modules 

Source: www.solarbuzz.com/Moduleprices.htm 

 

By December 2010, global installed capacity for PV had reached around 40 GW of which 85% 

was grid connected and the remaining 15% off-grid (REN21, 2010). This market is currently 

dominated by crystalline silicon-based PV cells, which accounted for more than 80% of the 

http://www.solarbuzz.com/Moduleprices.htm
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market in 2010. The remainder of the market almost entirely consists of thin film technologies 

that use cells made by directly depositing a photovoltaic layer on a supporting substrate. 

 

 

Figure 1.2 Total installed capacity of PV at the global level 

 

Recent global developments appear to guarantee a market for green renewable energy. Among 

several sources of renewable energy currently explored, photovoltaic systems appear to be 

promising in view of their environmentally clean nature and the advantage of direct conversion 

to electrical energy. Of course, the sun is the original primary source of most of the other 

renewable energy resources: wind, wave, hydroelectric, biomass, etc. The sun provides almost all 

the energy needed that supports life. On average, the earth receives about 1.2x10
17

W of solar 

power. The challenge for a sustainable future is to tap a tiny fraction of this energy to supply the 

relative modest demands of human activities [32-35].  

 

Isolated regions, where connection to the utility grid is highly expensive, if not technically 

affordable, have found in solar energy an excellent solution to their needs. In developed 

countries, it has become another alternative energy source and is seeing application in residential 

electrification, refrigeration and air conditioning solar electricity as well as small food industries, 
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agriculture and health services [26-31]. In some cases, where the generated power exceeds the 

demand, electricity is sent into the grid.  

1.3  Statement of the Problem 

Energy demand in Ethiopia has grown very highly. However, the proportion of clean energy 

supply for water pumping in off-grid area has not grown at the same rate. Fossil fuels are the 

main sources of energy which are currently believed to be running out. Moreover, these sources 

of energy can cause significant damage to our environment. It is difficult to reverse such 

environmental consequences. Harmful gases created from the combustion of fossil fuels are CO2, 

CO and NOx. These gases are the main sources of greenhouse gases and also responsible for the 

global warming. This environmental challenge can be minimized by looking for alternative clean 

energy resources. One of these clean and renewable alternative resources is solar energy. 

 

Nowadays, the use of solar radiation as alternative energy source is seriously constrained by low 

efficiency of solar cells. Additionally, the higher initial cost of solar cells limits the use of solar 

energy in developing countries. A number of research activities on alternative solar cell from 

cheap polymer materials are undertaking [40]. The findings are indicative of possible cheap solar 

cells production in the near future. Therefore, the use of solar energy for water pumping in 

remote area is an alternative future direction and a possibility. On the basis of these trends, there 

is a need to assess potential of PV generators to replace Diesel generators for water pumping in 

Yabelo area of Borena zone.  

 

Research questions are: 

 Can photovoltaic solar power sufficiently meet the power requirements currently placed 

on water pumping? 

 What are the greatest benefits of the community from photovoltaic water pumping 

systems? 

 What is the breakeven point between photovoltaic water pumping systems and Diesel 

water pumping systems? 
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1.4  Objectives  

The general aim of this study is to analyze the recent trend in the uses and costs of PV pumping 

systems and to conduct a comparative cost benefit analysis between Diesel and PV pumps, based 

on the life cycle costing approach. This will be a great assistance to farmers especially in remote 

areas of the country. It aims at evaluating both systems over the life cycle period including the 

fuel cost, operation and maintenance cost and other recurrent costs. 

 

The specific aim of this study is to design PV system and investigate the economic viability of 

replacing Diesel water pumping system with Photovoltaic water pumping system. 

1.5 Significance of the Study 

The importance of the present study is to provide comprehensive information on the potential of 

PV generators to replace Diesel generators for water pumping in Borana Zone. 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 

areas of the country. 

 

In this study, the feasibility analysis of PV generators to replace Diesel generators in Borena 

zone will be made available. The result of the study can be used: 

 For future solar energy plan for water pumping by government, entrepreneurs and 

NGO‟s. 

 To promote environmentally friendly water pumping systems. 

 To know the payback period of PV pumping systems. 

 To choose the most cost effective and reliable water pumping system over its life time. 

 To use as a reference for further study. 

1.6 Methodology   

The overall research methodology is categorized into literature review, data collection, design of 

different scenarios, economical evaluation and output analysis. 

A feasibility analysis of PV water pumping system is a task that involves gathering of relevant 

information from a variety of sources. The first step includes collecting data on existing wells in 
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Borana Zone Yabalo area, which are designed to operate by Diesel generator to pump water at 

average discharge of 7 l/s and heads of 65 m and 70 m. This information is gathered from the 

Oromia Water Works Design and Supervision Enterprise and Oromia Water Resource and 

Energy Bureau.  

 

In addition, literature review was carried out in order to select the best configuration, and to 

understand the basis of the use of solar energy for water pumping. This included reviewing 

relevant literature in the field, searching the internet as well as by establishing contact with 

organizations which are conducting different research on solar energy utilization.  

 

The second step includes design of different configurations and scenarios and data processing by 

using computer programs and also making economical evaluation. 

 

A number of advanced specific computer programs exist today dealing with solar energy 

analysis, the design of a PV as well as calculations regarding the economic aspects of solar 

energy. RETScreen program has been used to analyze the general economic aspects, PV power 

production, GHG analysis as well as sensitivity and risk analyses of the solar energy.  

 

The third step included discussion and output analyses, in addition to conclusions and 

recommendations. All general procedures done in RETScreen are listed in Appendix A. 

1.7 Limitation of the Study  

The project has a number of limitations; some of them are obvious from the beginning, while 

some have emerged at the beginning of data collection. Information from some sources was 

difficult to acquire. For example, exact price for PV modules and power conditioners from the 

producers are not available. There is no information on what services are included in the price. 

Prices available in ranges from different organizations are used in the economic analysis of this 

project. This is, however, never as exact as a final offer from a producer such as would have been 

optimal to receive.  
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Another imprecise figure is the annual fuel escalation rate, inflation and discount over the life of 

the PV module. Even these were approximated through other sources. Even though there are no 

alternatives than making assumptions about these rates, it is important to first investigate the past 

and the future trends of the country‟s economy. Using an incorrect assumption for long-term 

economic analysis can lead to erroneous results, which in turn can be misleading for the end 

users. For these reasons, actual cost information should be used as much as possible and realistic 

assumptions must be made to reduce the risks inherent in any economic analysis. The same is 

valid for many figures used in the project such as interest rates, various parts of the operational 

and maintenance costs, etc. 

 

In developing countries like Ethiopia, there are very few meteorological stations that measure 

solar radiation. Under such conditions, interpolation technique is required to estimate the solar 

radiation for those stations which have homogeneous terrain with similar climatic properties. But 

the interpolation and extrapolation of point-specific measurement predictions of solar radiation to 

all areas is generally not appropriate because most of the locations are affected by strong local 

variations. 

 

For this specific work, the solar data which are recorded by the satellite from NASA have been 

used, because there are no solar data collected or recorded by the National Metrological Agency 

in the Borana Zone, Yabelo area. These data are not as precise as data recorded on the ground at 

the project site. 
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CHAPTER TWO 

2. Literature Review  

2.1 PV Based Water Pumping System in Ethiopia  

One of solar PV water pumping system which is installed in our country is found in a rural 

community of Asela area in the Rift Valley of Ethiopia. The location is 1669 m above sea level 

and its coordinates are latitude 7º 30‟ N and longitude 38º 30‟ E. The average annual insolation 

on a horizontal surface is 6.69kWh/m
2
/day, and the average maximum and minimum annual 

temperatures are respectively 21ºC and 16ºC. The monthly average is 12 hours of daylight per 

day; however, irradiance is more than 400 W/m
2
 for only 8 hours per day. 

 

At the site, water is typically found around 15 m below the surface; thus, an effective height of 

18 m is considered in the calculations. A water flow of 12.5 m
3
 per day is considered to cover the 

needs of a small rural community of about 250 people. 

The other project is located in the Chancho Kebena Kebele, Jeldu District, in the West Showa 

Zone of the Oromia Regional State, in the Federal Democratic Republic of Ethiopia [39]. 

 

In this project DC voltage is utilized for operating the pump. The water level is selected to be of 

shallow nature, i.e. not exceeding 100 m, in order to satisfy the specifications of the DC/AC 

submersible pump to function a DC only mode. In most similar projects, when the water head 

exceeds 100 m, an AC system needs to be used due to the lack on the market of DC submersible 

pumps able to operate at that depth. 

 

Table 2.1 Summery of pumping system in Chancho 

Water 

source  

discharge Head from the 

spring 

Water 

reservoir  

Population 

served 

Solar 

panel  

pump 

Spring  1.2 l/s 65m 15m
3 

1500  6BP3170 DC 
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2.2 Comparative Analysis of PV versus Diesel Water Pumping System 

One of the most comprehensive recent studies comparing solar to Diesel powered pumps is the 

2006 report “Feasibility Assessment for the Replacement of Diesel Water Pumps with Solar 

Water Pumps”, issued by the Ministry of Mines and Energy of Namibia, prepared by EmCon 

Consulting Group. According to this study solar energy has been used for pumping in Namibia 

for over 25 years and from 2001 to 2006, 669 solar-powered wells were installed – creating a 

large field for study. This report furnishes overwhelming evidence that for small to medium sized 

wells, solar (photovoltaic pump) is much cheaper on a life cycle cost basis than Diesel-powered 

(DP) pumps. When looking beyond the original purchase price, PV pumping systems cost 

anywhere from 22-56% of what Diesel pumps cost and can achieve a payback over DPs in as 

little as 2 years. 

 

This study shows a comparison for solar and Diesel water pumps that includes a range of 

pumping heads (10m to 200m) and a range of daily flow rates (3,000 – 50,000 liters). The life 

cycle costs were calculated over a 20 year period taking into account operating costs, 

maintenance costs, and replacement costs. 

 

The following studies are older and therefore are based on fuel costs that are not realistic today. 

All of the studies cited below were favorable to solar at the time of writing and would be even 

more favorable if written today with current fuel prices. 

 

A Sandia National Lab study of 3 different sized solar pumping systems (106 Wp, 848 Wp, 1530 

Wp) in Mexico showed that all had lower life-cycle costs than Diesel-powered pumps. The PV 

systems vs. Diesel had paybacks of 2, 2.5 and 15 years respectively when replacing fueled pumps 

(gas or Diesel).  

Note: At the time of this study, 1998, crude oil prices were $11/barrel vs. $100 today (Source: 

Energy Information Agency, U.S. Government) 

 

In a comparison of fueled pumps vs. PV, a German study showed PV powered pumps to have the 

lowest life-cycle costs for PV array sizes of 1kWp and 2kWp and the same cost as fuel pumps for 
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power ratings of 4kWp. (The largest PV pump SELF has installed to date for village water 

supply is 1.9kWp). 

Note: The date of this study is unknown, but it was before 2006, when the price per barrel of 

crude oil was $68 compared to the $100 price of today. 

 

A study by GTZ (Posorski, Haars, 1995) in seven countries concluded that PV pumping systems 

for drinking water are economically competitive in the range of small Diesel pumps (1-4 kWp 

solar systems). 

Note: At the time of this study, the price of crude oil was $17 per barrel, compared to $100 per 

barrel today. 

2.3 Proposed System Overview 

Photovoltaic water pumping systems currently comprise a significant proportion of PV sales, 

especially in the developing countries. For pumping applications the array must be sized to drive 

a pump that will deliver the required water volume each day, over the number of hours of 

operation. 

 

The pump will operate during the daylight hours when there is an adequate light strike the system 

modules. Most pumping systems do not incorporate batteries. If water is needed at night time or 

in case of a cloudy day, that there is no sufficient sunlight to drive the system, then a water 

storage tank would be used. It is easier and more efficient to store the pumped water than to store 

electricity technically as well as financially.  

 

The intensity of the irradiance varies greatly throughout the day. Morning and afternoon sunlight 

is less intense because it is entering the Earth's atmosphere at a high angle and passing through a 

greater cross section of atmosphere, which reflects and absorbs a portion of the light. In such 

cases where the sunlight is varying during the day hours from morning to late in the afternoon, an 

important device called a maximum power point tracker is highly recommended to be used in the 

PV pumping system. 
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2.4 PV Pumping System Elements 

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, Figure 2.1. 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. 

 

PV

module
Invertor

Storage

AC Pump

To distribution

systemDC voltage

3 phase AC

voltage

 

Figure 2.1 Block diagram of a stand-alone PV water pumping system. 

 

2.4.1 PV Module 

To make modules, PV manufacturers use crystalline silicon wafers or thin film technologies. In 

the former, single crystal silicon (single-Si), polycrystalline silicon (poly- Si) or ribbon silicon 

(ribbon-Si) wafers are made into solar cells. Solar cell manufacturers then assemble the cells into 

modules or sell them to module manufacturers for assembly. Because the first important 

applications of PV involved battery charging, most modules in the market are designed to deliver 

direct current (DC) at slightly over 12 Volts. A typical crystalline silicon module consists of a 

series circuit of 36 cells, encapsulated in a glass and plastic package for protection from the 

environment. This package is framed and provided with an electrical connection enclosure, or 
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junction box. Typical conversion (solar energy to electrical energy) efficiencies for common 

crystalline silicon modules are in the 11 to 15% range [38]. 

 

There are four advanced thin film technologies. Their names are derived from the active cell 

materials: cadmium telluride (CdTe), copper indium diselenide (CIS), amorphous silicon (a-Si) 

and thin film silicon (thin film-Si). Amorphous silicon is in commercial production while the 

other three technologies are slowly reaching the market. Thin film modules are made directly on 

the substrate, without the need for the intermediate solar cell fabrication step. 

 

Solar Array is the full collection of all solar photovoltaic generators for a larger pumping system 

several dozens of PV modules are interconnected. They are mounted on ground installations 

using a simple frame that holds the modules at a fixed tilt angle towards the sun. 

 

Cell

Module
Array

 

Figure 2.2 Photovoltaic cells, modules and Arrays. 

 

The direct conversion of solar irradiance into electrical current is done by the solar generator. It 

consists of mounting units called panels which again consist of solar modules. Modules are made 

of solar cells in which the conversion is performed as shown in Figure 2.3. 

 

When sunlight impinges on a solar cell, the positive charge carriers (the holes) and the negative 

charge carriers (electrons) appear in pairs. If those pairs are able to reach the electric field before 
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they recombine (meaning to reunite and, hence, to neutralize themselves), they are ultimately 

separated, with the electrons moving toward the front wall (the n-type layer), where they collect 

on metallic contact fingers mounted above the surface and then return, by way of the external 

circuit, to the full-face, metal coated back wall of the cell, where they ultimately recombine with 

the holes. 

 

 

Figure 2.3 Basic operation of photovoltaic system. 

 

To achieve the desired voltage and current, modules are wired in series and parallel into what is 

called a PV array. The flexibility of the modular PV system allow designers to create solar power 

systems that can meet a wide variety of electrical needs, no matter how long or small. 
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3 Amps at

24 volts

3 Amps at 12

volts

3 Amps at 12

volts  

Figure 2.4 PV modules connected in series. 

 

6 Amps at

12 volts

3 Amps at 12

volts
3 Amps at 12

volts  

Figure 2.5 PV modules connected in parallel 

 

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; 

 Pump Controller- Matching device used so systems will operate at optimum power, 

matching the electrical characteristics of the load and the array. 
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 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 phase for very large loads. 

 

Inverters for stand-alone systems 

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. In a real field configuration, both factors take effect simultaneously, 

Figure 2.6. There is a certain duty point at which the achievable power output reaches its 

maximum. It varies as a function of irradiance and temperature. 
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Figure 2.6 PV module characteristics [41] 

2.4.3 Pumps 

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. 

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. Figure 1.9, which is adapted from Barlow et. al. (1993), suggests 

possible pump choices as a function of the head (total height the water has to be lifted) and the 

daily water requirement. 

 

Finally, the choice between a DC and an AC motor to drive the pump will depend on many 

factors, including price, reliability and technical support available. DC motors are usually very 
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efficient and are easier to match with the photovoltaic array. AC motors, on the other hand, are 

cheaper and more readily available, but they require an inverter to be connected to the array. 

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. 

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. 
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Figure 2.7 Pump type selection [adapted from Barlow et al., 1993] 

 

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. 

2.4.5 Water Storage  

Direct-coupled PV pumps deliver water only when the sun is shining. This may require some 

type of water storage in order to satisfy the need when the sun is not out. 

 

Advantages of PV system are:  

 Low running costs that helps to offset the high initial costs  

 Less environmental impact or pollution than other forms of energy-driven pumps (Diesel, 

petrol, etc.)   
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 Less human contact with water supply equipment so less deterioration.  

 Utilize a free and abundant source of energy  

 Extended operational life of water supply systems as long as the pump is well cared for 

and maintained.  

Disadvantages of PV system are  

 Excessively high initial cost 

 Requires elevated storage tanks to store pumped water  

 Pump powered by solar energy usually has an operation life less than that of the solar 

panel and also requires more aggressive maintenance and repair  

 Lower energy output thus less water observed during extended cloudy periods, which are 

likely to occur during the main rainy season  

 

2.4.6 Diesel Generator  

A Diesel generator is simply a normal electric generator driven by a Diesel engine (prime 

mover). An electric generator is an electromechanical system that converts mechanical energy 

into electrical energy through the interaction of electromagnetic and electrostatic fields within the 

system. 

 

Figure 1.10 shows the per-phase equivalent circuit of a synchronous generator driven by a prime 

mover, which in this case is the Diesel engine. T is the mechanical torque of the prime mover, Ea 

is the internal voltage generated, Ia is the armature current, Ra + jXs is the synchronous 

impedance, and Va is the load voltage. 
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Figure 2.8 Equivalent circuit of a synchronous generator driven by a Diesel engine 

The maintenance requirements of the Diesel engines are standard which means a minor service 

every 250 hours and a major service every 500 to 1,000 hours. The life expectancy of the engines 

differs, based on the quality of the unit and whether the maintenance has been conducted as per 

requirements. The life expectancy is in the range of 8,000 to 35,000 hours. 

 

Advantage of Diesel system 

 Quick and easy to install   

  Low capital costs   

  Widely used   

  Can be portable   

 

Disadvantage of Diesel system 

 Fuel supplies erratic and expensive   

  High maintenance costs   

  Short life expectancy  

 Noise and fume pollution 
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2.5 Literature Review Summary 

Nowadays, the prime installation price of solar cells is still high (with the absence of 

governmental support in most countries), therefore, one has to properly size and optimize the 

system operation. Much research work concentrates on the optimal use of photovoltaic generator 

units which constitute 60-80% of the system price depending on whether storage means are used 

or not. The PV systems can be operated as a stand-alone, hybrid or grid connected systems. 

Stand-alone schemes have found wide application in remote regions to meet small, but essential 

electric power requirement such as water pumping systems. Research work has also emphasized 

this aspect [5-8]. 

 

Early studies focused on ways of sizing, matching and adapting PV pumping systems since a 

proper match between the installed capacities with the isolated load is essential in optimizing 

such installations [36-38]. Various works were done on the choice of the drive system to 

interface to the PV source, type of pumps to use and ways to control and optimize the whole 

system. 

 

The literature review showed that most of the previous works focused on small head and 

discharge. Few of the literature I found are older and the price of crude oil at the time of the 

study was very cheap as compared to current price of crude oil. 
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CHAPTER THREE 

3. Borana Zone Climatic Condition 

3.1 Introduction  

This study was undertaken in the Borana administrative zones of Ethiopia, where pastoralism is 

the predominant livelihood activity. 

 

The Borana administrative zone is situated in Ethiopia‟s Oromia regional state. This zone is 

divided into 10 woredas (districts) and its capital is Yabello which lies 570 km south of Addis 

Ababa. It is bordered on the south by Kenya, on the west by the Southern Nations Nationalities 

and Peoples Regional State (SNNPRS), on the north by the Bale zone and on the east by the 

Somali region. The Borana zone covers a total area of 48,743 km
2 

(CSA, 2008). It lies at an 

altitude of less than 1500 m above sea level. It is an arid and semi arid area, with pockets of sub-

humid zones. The rangelands are dominated by tropical savannah vegetation with varying 

proportions of open grasslands and perennial woody vegetation (Pratt and Gwynne, 1977: in 

Homannet al., 2007). Perennial rivers in the area include the Dawa and Segen rivers. 

 

 

Figure 3.1 Location of the study area 
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3.2 General Climate Information  

In Borana, the average annual rainfall ranges between 350 and 900 mm, with considerable spatial 

and temporal variability in quantities and distribution. Rainfall in the area is bimodal, with 60% 

occurring in the long rainy season (Gana), which occurs from March to May, and the short rainy 

season (Hagaya) from September to November (Coppock, 1994: in Homannet al., 2007). The 

long dry season (Bonahagaya) occurs from December to February, and the short dry season 

(Adolessa) occurs from June to August. The average annual temperature ranges between 19 and 

26°C (CORDAID and FSS, 2009). Variable rainfall results in great variability in forage and 

range production. To cope with variable range production, communities in Borana area often 

combine mobility and sedentary livestock management. 

 

Table 3.1 Seasons in Borana Zone 

Months J F M A M J J A S O N D 

Seasons Bona Hagaya 

(long dry 

season) 

Ganna 

(long rainy season) 

Adolessa 

(short dry season) 

Hagaya 

(short rainy 

season) 

 

 

3.3 Climatic Data 

The climatic data are taken from NASA because there is no solar data collected or recorded by 

National Metrological Agency Ethiopia from this site. The climatic data location is Yabelo which 

is the specific site of my study. 
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Table 3.2 Daily solar radiations on horizontal and tilted surface 

 

Months  

Daily solar radiation horizontal 

[kWh/m
2
/d] 

Daily solar radiation tilted  

[kWh/m
2
/d] 

January  6.36 6.60 

February  6.73 6.89 

March  6.41 6.45 

April  5.69 5.63 

May  5.46 5.34 

Jun  5.13 4.99 

July  5.03 4.91 

August  5.43 5.35 

September  5.9 5.89 

October  5.36 5.44 

November  5.49 5.65 

December  5.98 6.22 

Annual  5.74 5.77 
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CHAPTER FOUR 

4. PV System Design 

There are 13 wells on this site and all of them are designed to operate with a diesel generator of 

75 kW. The investigation is done on three wells with AC pumps of 22 kW, 25 kW, 30 kW, and 

discharge of 7.5 l/s, and total head of 165 m and 170 m to analyze the economic viability of 

Photovoltaic water pumping system and the total area required for PV installation.  

4.1  PV Module Selection 

PV module selection is based on the performance characteristics given by the manufacturers. The 

selection is actually based on the efficiency and maximum power of the module. Top five 

world‟s most efficient currently commercially available mono-crystalline silicon PV module 

producers are given below. 

  

              Manufacturer                                                Module efficiency [%]   

 Sunpower                                                         20.4 

 AUO                                                                 19.5 

 Sanyo Electric                                                  19 

 Jiawei                                                               18.3 

 Crown Renewable Energy                               18.3 

Source : http://www.solarplaza.com/top10-crystalline-module-efficiency/  

 

For this study PV module produced by Sun Power with model mono-Si-SPR-320E-WHT is 

selected because universities and independent research laboratories around the world compared 

the performance of solar panels from SunPower against other technologies and in each case 

SunPower solar panels were the clear leader [38]. The selection is based on technical 

performance of the module because the exact prices of PV modules from the producers are not 

available. The specification of the selected PV module is given in table 4.1 and Appendix D. 

 

 

 

 

http://www.solarplaza.com/top10-crystalline-module-efficiency/
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Table 4.1 Specification of mono-Si-SPR-320E-WHT module at standard conditions (E=1000W/m2, Air 
mass=1.5, Cell tempreture=25oc) 

 

Maximum power 320 W 

Maximum power voltage  54.7 V 

Maximum power current 5.86 A 

Open circuit voltage 64.8 V 

Short circuit current 6.24 A 

Area  1.62 m
2 

 

 

The number of PV module required for each well is obtained from RETScreen software. The 

software determines the number of modules based on the amount of electricity delivered to the 

load. 

 

For well P1-PW08 

Total number of PV module = 102 

 

 

For well P1-PW09 

Total number of PV module = 112 
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For well P1-BTW07 

Total number of PV module = 136 

 

 

4.2  DC to AC Inverter Selection 

The inverter is used if the system power load is AC; it converts the low-voltage DC electricity 

into standard AC voltage output. The power of the selected inverter should be equal to the peak 

load of the system which is equal to the power of AC pump.  

 

The specification of selected inverter is given in table 4.2 .The input of inverter have to be 

matched with the inverter input voltage specification while its output should fulfill the 

specifications of the maximum power of the pump. As shown below in the table 3.2 the inverter 

input voltage should be in the range of 310 to 450 DC volts whereas the output voltage is 380 

AC volts. 
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Table 4.2 Type of inverter selected 

Inverter type: MNE-SP11KV3…MNE-SP30KV3 

Input  Output  

(310 -450) DC volt 380 AC volt, 3 phase, 50 HZ 

Rated power: 22, 25 and 30 KW 

 

To determine the number of module connected in series in order to get the voltage in the range of 

inverter input (i.e. 310 -450 V) divides input voltage by module‟s maximum voltage. 

 

For well P1-PW08 

According to the output from the software the total number of modules is 102 and total collector 

area is 163.1 m
2
. The selected input voltage is 328.2 V which is in the range of the above input 

voltage. Then the number of module connected in series is given by equation 3.1. 

 

     
                         

   
                              

where,  Npvm = number of module in series 

                         Vmp= maximum power voltage 

 

     
       

      
   

 

Therefore the block diagram of PV module arrangement in the array is shown in figure 3.1 
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Figure 4.1 Block diagram for the arrangement of module in the array for well P1-PW08 

For well P1-PW09 

According to the output from the software the total number of modules is 112 and total collector 

area is 184.3 m
2
. The selected input voltage is 438 V which is in the range of the above input 

voltage. Then the number of module connected in series is given by equation 3.1. 

     
     

      
   

 

Therefore the block diagram of PV module arrangement in the array is shown in figure 3.2 
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Figure 4.2 Block diagram for the arrangement of module in the array for well P1-PW09 

 

For well P1-BTW07 

According to the output from the software the total number of modules is 136 and total collector 

area is 221.8m
2
. The selected input voltage is 438 V which is in the range of the above input 

voltage. Then the number of module connected in series is given by equation 3.1. 

     
     

      
   

 

Therefore the block diagram of PV module arrangement in the array is shown in figure 3.3 
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Figure 4.3 Block diagram for the arrangement of module in the array for well P1-BTW7 

 

4.3  Pump Selection 

Pump selection depends on the daily water pumping rate and the hydraulic head. The AC 

submersible pumps that have been used in this study are designed and selected by Oromia Water 

Works Design and Supervision Enterprise. RETScreen software needs base-case AC load to 

determine daily electricity required for the proposed system (PV system). I have taken the AC 

load from the electrical motor of the water pump which is used in the software to design a PV 

system. The specification of each electrical motor of the pump is given in appendix F. 
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It is shown here that the input parameters required for RETScreen software to determine daily 

electricity required for the proposed system (PV system). 
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CHAPTER FIVE 

5. Economic Analysis 

5.1 Introduction 

Once the technical requirements of a PV application have been stated and a PV system design 

completed, the economic analysis can be carried out. The economic assessment includes both 

costs and benefits of the system. 

 

The purchase of a PV system represents an expenditure of capital resources at a given time with 

the expectation of benefits in the form of electric energy delivered over some future period, 

which is generally the life of the PV system. Other benefits, such as reductions in greenhouse 

gases, might be quantified. For large systems, the construction expenditures may occur over 

more than one year. The future benefits, primarily the value of the electricity generated, may be 

realized over a 10- to 20-year period. Thus, the basic issue is how to measure the value of future 

benefits from a present expenditure. Further, the issue is how to compare that value for a PV 

system with a consistently defined value for an alternative system such as a Diesel-electric 

system. Salvage value at the end of the system life is also a future benefit. In many cases, there 

will not only be future benefits but future costs as well. The cost of maintenance and the 

replacement of failed modules are primary examples. In addition, qualitative benefits, such as 

energy independence or reduction in the risk of future escalation of energy costs, may enter the 

decision process, although they are not dealt with here. 

 

We generally recognize intuitively that the value of a cost or benefit in the future is not equal to 

the same cost or benefit today. This is to say that there is a “time value of money,” and defining 

that time value pervades the whole process of economic analysis for PV systems. These 

expenditures and benefits, as measured in monetary terms, are usually called cash flows. 

5.2 Economic Analysis Method 

Some traditional methods for analyzing investment costs are life cycle cost (LCC); net present 

cost (NPC); internal rate of return (IRR); benefit-to-cost ratio (BCR) or savings-to-investment 

ratio (SIR); net benefits or savings (NB or NS); annuity and cost annuity comparison method; 
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and payback period. From the three most common techniques in economic analysis the LCC, the 

IRR, and the payback period, the LCC method is the most complete approach and is widely used. 

5.2.1 Life Cycle Cost Analysis 

LCC is the sum of the capital cost and the present worth of the recurrent and replacement costs.  

In order to compare different systems offering the same service or output the life cycle costing 

approach is used. This approach allows systems to be compared on an equal basis by reducing all 

future costs, which occur at different intervals of the systems life, to one value, referred to as the 

LCC of a system or project. Future costs include operating costs (Diesel consumption, transport), 

maintenance costs (engine oil, filters, brushes, valves, rotor, impellers, labor, transport etc) and 

replacements (Diesel engine, pump, motor, inverter, labor and transport). 

 

When the pumping system is to supply drinking water, the comparative LCC of renewable 

energy source solar pumping systems must be established with that of conventional systems. This 

is necessary because the economic benefits of supplying water are difficult to quantify. For 

example, if both a PV pump and a Diesel pump can reliably furnish the same quantity of water, it 

is safe to assume that they provide equal benefits. In this case, the lower cost option is preferred. 

In LCC analysis, the net present value (NPV) of all the capital and recurrent costs of a pump is 

compared to the NPV of all the costs of other pumping options. For example, if the NPV costs of 

a PV pumping system are less than the costs of other alternatives, PV should be the first choice 

for the power source. However, in most cases alternative pumping systems cannot provide as 

much water as conventional systems. For this reason, it is convenient to make comparisons in 

terms of unit water cost rather than the lowest cost pumping option. 

5.2.2 Net Present Value  

The net present value method calculates the present value of all the yearly cash flows (i.e. capital 

costs and net savings) incurred or accrued throughout the life of a project, and summates them. 

Costs are represented as a negative value and savings as a positive value. The sum of all the 

present values is known as the net present value (NPV). The higher the net present value, the 

more attractive the proposed project. 

If the resulting NPV is greater than zero, then a project is determined to be economically viable. 
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5.2.3 Internal Rate of Return 

Identifies the discount rate at which the present value of the net benefit stream is equal to the 

present value of the net cost stream. If the resulting IRR is greater than the chosen discount rate, 

the project is deemed to be economically viable. 

5.2.4 Benefit-Cost Ratio 

Compares the total discounted benefits with total discounted costs, as a ratio, and provides an 

indication of the scale of return on the investment. This is done by examining the ratio of the 

present value of benefits to the present value of costs. If the ratio of benefits to costs is greater 

than one, the project can be viewed as desirable from an economic point of view. 

5.2.5 Payback Period  

This is the simplest technique that can be used to appraise a project. The simple payback period 

can be defined as the length of time required for the running total of net savings before 

depreciation to equal the capital cost of the project. In theory, once the payback period has 

ended, all the project capital costs will have been recouped and any additional cost savings 

achieved can be seen as clear profit. Obviously, the shorter the payback period, the more 

attractive the project becomes. The length of the maximum permissible payback period generally 

varies with the business culture concerned. 

5.2.6 Sensitivity Analysis  

In the economic (financial) analysis, a sensitivity analysis can be used to evaluate the effects of 

uncertainty when input parameters, such as interest rate, discount rate, inflation rate, energy 

escalation rate, service life, investment and operation costs, and income are varied by a certain 

amount (percentage) from the expected value. Sensitivity analysis is used to quantify the 

economic consequences of a potential but unpredictable development in important parameters.  

 

Sensitivity analysis covers a range of possible application loads. It is used to determine how the 

NPV, LCC varies from the base case as the key parameters such as equipment capital cost, 

conventional fuel cost (Diesel) discount and interest rates, expected lifetime for conventional 

equipment (engine) and renewable energy sources (solar radiation) change.  
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5.2.7 Financial Risk Analysis 

The value of the solar energy is only estimation and not a fact and therefore the risk remains that 

this value will be overestimated. It is not only the price that is estimated, all the costs related to 

balance of systems as well as running and maintaining PV systems are estimated figures and this 

must be borne in mind throughout the project planning. A thorough high quality planning is vital 

in order to diminish the risk of overestimation of the possible profitability. 

5.2.8 Financial Parameters 

Table 5.1 Financial parameter for LCC analysis 

Parameters  Unit  Value  

Project life Years 21 

Inflation rate  % 8 

Discount rate % 10.5 

Fuel escalation rate % 5 

Loan rate % 8.5 

 

5.3 Cost Estimation and Distribution  

5.3.1 Cost Estimation 

Table 5.2 Cost estimation of PV system 

Component description  Cost [USD] 

PV module 3500 $/kW 

Inverter   800 $/kW 

Storage  130 $/m
3 

Operation & Maintenance  349 $ /year 

 

5.3.2 Capital Investment Cost 

The capital costs occur once at the beginning of the project. It comprises the cost of the 

equipment and accessories. The capital costs used in the calculations are listed in the table 5.3. 
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Table 5.3 Capital cost of PV and DG 

 

Well description  

Capital investment cost [$] 

PV system DG system 

P1-PW08 212,000.00 10,795.00 

P1-PW09 226,560.00 10,795.00 

P1-BTW07 256,320.00 10,795.00 

*For PV system Initial cost = (module + inverter + reservoir) cost 

5.3.3 Operating Cost 

The operating costs are only applicable to the Diesel pumping system. The operator costs (person 

starting the Diesel engine, person looking after the PVP system) are ignored for both the Diesel 

as well as the PVP installation. 

 

The liters of Diesel consumed per annum are calculated from the running time of the Diesel 

pump. A fuel cost escalation of 5% has been assumed but the fact remains that this is an 

indeterminable parameter as it depends on oil reserves, conflict in oil producing countries and 

exchange rate. 

5.3.4 Maintenance and Replacement Cost 

The maintenance and replacement of the pumping systems is applicable to both the PVP and 

Diesel pumps. The maintenance schedule and details are dependent on the technology employed. 

The replacement schedule is dependent on the ruggedness of the system, the operating 

environment (water quality, Diesel quality, direct exposure to sunlight, excessive temperature 

etc) as well as the level of maintenance performed. 

The replacement costs for the motor, pump and controller are equivalent to the initial purchase 

cost. 

5.3.4.1 PV System  

The service interval depends on the pump systems used. In most cases the service interval is 5 

years.  Service intervals are also highly dependent on water quality and depth of installation. It is 

assumed that all main components in a PVP excluding the solar modules will have to be replaced 

within certain intervals. 
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5.3.4.2 Diesel Generator System  

Diesel generator requires minor service, major service and overhauls in regular intervals. A 

minor service includes oil change and air, fuel and oil filters replacement. A major service 

includes adjustments of engine valve, fan and alternator belt, change or test of fuel injector 

requires skilled personnel which are assumed to be in the region or at a Private system. An 

overhaul includes the tasks of a minor and major service, replacements of parts (e.g. crankshaft, 

piston rings) and drilling of cylinders and requires skilled personnel. 

 

The following schedule has been selected for the service and replacement intervals of high 

quality and low quality Diesel engines. 

 

Table 5.4 Maintenance and replacement interval for Diesel engines 

Maintenance and 

replacement 

Good quality engine 

[hours] 

Low quality engine 

[hours] 

Minor service 250 250 

Major service 1000 1000 

Overhaul  10,000 5,000 

Replacement  35,000 10,000 

 

Table 5.5 Maintenance cost of Diesel engines under the study 

Maintenance  Cost  [USD] 

Engine  service 2351/year 

Overhaul  60% of new=6477 

 

The minor service is done locally and no transport costs have been added. The major service is 

done by professional services on site. The overhaul of a Diesel engine is done in the workshop 

and thus requires professional services as well as services trips. The replacement of an engine is 

determined by its condition (either overhaul or replace) and this is usually assessed in the 

workshop.  
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CHAPTER SIX 

6. Environmental Impact Assessment 

6.1 Introduction 

Energy systems are known as a major source of environmental pollution. Therefore, the selection 

of a particular energy system can influence the extent of pollutant emissions dispersed into the 

environment. Criteria developed to choose from various energy technologies need to take into 

consideration not only technical but also socio-political aspects to ensure that the social and 

environmental costs and benefits of a chosen energy technology have been taken into account. 

 

Emissions generated during the life-cycle of a given energy system are dispersed into the 

environment and impose a burden on living systems. These burdens have an impact on the 

physical and biological environment as well as on human health, and thus these impacts impose 

significant costs on society. Costs imposed by pollution have in the past been treated as external 

to the energy economy and have not been incorporated into the total costs of energy production 

and distribution. 

6.2 Environmental Impact of PV System 

Hazardous emissions connected to PV technology are primarily related to energy consumption in 

the manufacturing process, as direct process emissions are almost zero. Therefore cadmium 

emissions from CdTe technology can be lower than those of most other energy options. Risks 

from the use of cadmium telluride in modules appear to be quite low, provided that the material 

is kept well-encapsulated (double-glass encapsulation) and that it can be recovered from waste 

modules. 

 

PV pumping systems do not use battery to sore energy hence there is no risk of disposing 

chemicals used in battery. 

6.3 Environmental Impact of Diesel System 

Hazardous emissions connected to Diesel generator include exhausting air quality, noise and 

climate. 
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Air quality is defined by ambient air concentrations of specific pollutants of concern with respect 

to the health and welfare of the general public. Air quality can be affected by air pollutants 

produced by Diesel generator. 

 

Noise is unwanted or annoying sound that is generated by both natural and manmade sources. 

Noise can have negative effects on physical and psychological health, affect workplace 

productivity, and degrade quality of life. Loudness is the relative measure of the magnitude of a 

sound and is typically measured in decibels (dB). Decibels are the ratio of the intensity of the 

sound to a reference intensity based on atmospheric pressure. 

 

Climate includes the meteorological conditions, including temperature, precipitation, and wind, 

that characteristically prevail in a particular region. Engine exhaust gases are the major source of 

GHG which significantly affect the climate.  

6.4 Environmental Impact Comparison  

The environmental benefits associated with the substitution of the Diesel powered system with 

the solar powered system can easily be estimated by determining the reduction in the production 

of air pollutants associated with this substitution.  
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CHAPTER SEVEN 

7. Results and Discussion 

The results are presented in this subsection and include the life cycle cost breakdown for a water 

pumping installation, the life cycle cost for a range of delivery heads, the breakeven between the 

two options, the unit water cost and the sensitivity and risk analysis. 

 

The recommended methodology has been applied to analyze a stand-alone PV water pumping 

system, which is designed to supply water for drinking in Borena zone Yabelo area, Ethiopia 

(4.9
0
N, 38.1

0
E, and 1483m). The load profile is assumed to be constant with a total daily 

requirement of 220 m
3
 of water and a reservoir of 600 m

3
 has been considered for three days of 

water supply when the weather condition is cloudy.  

 

Each well is designed to provide 220m
3
/day out of which 50% of the daily water requirement is 

for livestock because the people in this zone are pastoralist. During the rainy season the load 

could be lower by 50% because the water required for livestock in rainy season is available from 

the rain. 

 

According to Oromia Water Works Design and Supervision Enterprise boreholes will be 

protected at least through a protection zone of 20 m diameter surrounding each borehole which 

could be appropriate area for PV array installation. This zone should be fenced by protection 

walls/wires to prevent entrance by animals and to prohibit the entrance of non-officials. The 

spacing between each well is around 500 m.  

 

The technical characteristics of three wells, Diesel generator, PV module and motor pump under 

the study is given in table 7.1. 
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Table 7.1 Technical characteristics of three wells Diesel generator and PV module 

Well 

description  

Total 

head [m] 

Load [kW] Electricity daily 

required [kWh] 

Diesel generator 

[kW] 

Proposed PV 

generator 

[kW] 

P1-PW08 165 22 180 75 32.6 

P1-PW09 165 25 204 75 35.8 

P1-BTW07 170 30 245 75 43.5 

 

All comparisons are based on the assumption that the pumping systems are fully utilized, i.e. the 

solar pump is used every day of the year and the Diesel pumps are used every day for 8.15 hours 

to meet the average daily total water requirement. 

 

Assumptions   

The assumptions for the costing calculations are as follows: 

 The boreholes have a sufficiently strong yield to allow for the generally higher flow rates 

of the Diesel pump in comparison to the PVP. 

 The water in the borehole is of reasonable quality. 

 The cost of the reservoir for additional water storage in the case of PV system is included 

for the calculation. 

 Costs for the local operator are not included. 

 The economic growth of our country will keep the same rate for the coming 21 years. 

 Fuel transportation cost is not included. 

7.1 Cash Flow Diagram and Cost Breakdown  

Under normal operating conditions the life of the Diesel generator is assumed to be 20,000 hours 

and to satisfy the daily water requirement it has to operate for 8.15 hours every day. Based on 

this the generator must be replaced after 7 years of operation. 
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Figure 7.1 Cash flow diagrams for Diesel generator 

 

For well P1-PW08 

Table 7.2 Diesel generator cost breakdown for well P1-PW08 

S/n  Cost description Cost [$] 

1 Initial cost 10,795.00 

2 Annual O&M 40,629.00 

3 Replacement cost 10,795.00 

4 Salvage value 1,619.00 

*salvage value is 15% of initial cost 

For well P1-PW09 

Table 7.3 Diesel generator cost distribution for well P1-PW09 

s/n Cost description Cost [$] 

1 Initial cost 10,795.00 

2 Annual O&M 49,830.00 

3 Replacement cost 10,795.00 

4 Salvage value 1,619.00 

 

For well P1-BTW07 

 

Salvage value  Salvage value  Salvage value  

Annual O&M cost  

Initial cost Replacement cost  Replacement cost  Replacement cost  



Page | 45  

 

Table 7.4 Diesel generator cost distribution for well P1-BTW07 

s/n Cost description Cost [$] 

1 Initial cost 10,795.00 

2 Annual O&M 58,135.00 

3 Replacement cost 10,795.00 

4 Salvage value 1,619.00 

 

0  1     2     3      4     5      6      7     8      9     10    11   12    13   14    15   16    17    18   19   20  21   

 

 

 

 

 

Figure 7.2 Cash flow diagrame for PV generator 

 

For well P1-PW08 

Table 7.5 PV cost distribution over its life for well P1-PW08 

 

*Initial cost = (module + inverter + reservoir) cost 

 

For well P1-PW09 

Table 7.6 PV generator cost breakdown for well P1-PW09 

s/n Cost description Cost [$] 

1 Initial cost 226,560.00 

2 Annual O&M 371.00 

3 Inverter replacement cost 20,000.00 

 

For well P1-BTW07 

s/n Cost description Cost [$] 

1 Initial cost 212,000.00 

2 Annual O&M 349.00 

3 Inverter replacement cost 20,000.00 

Annual O&M cost  

Inverter replacement cost  Initial cost 
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Table 7.7 PV generator cost breakdown for well P1-BTW07 

s/n Cost description Cost [$] 

1 Initial cost 256,320.00 

2 Annual O&M 416.00 

3 Inverter replacement cost 20,000.00 

 

7.2 LCC Analysis Present Worth Approach  

Present value is the value on a given date of a future cost (or series of cost), given an interest or a 

discount rate to reflect the changing value of money over time. A cost to be paid with annual 

amortizations can be considered as a sum of costs, one for each year where the present value of 

the cost equals the sum of the present values of all cost payments as shown in Equation 7.1 

below. 

 

To Find Present (P) given annual cost (A)  

The term (P / A i, n) represent the uniform-series present worth factor which begins at the end of 

year 1 and extends for n years at an interest rate i.        

 

   
 

   
 

 

      
   

 

      
  ∑

 

      
 
     …………………………………….7.1 

This can also be shown with a geometric series shown in Equation 7.2. 

 

     [
        

       
]       , i≠0…………………………………………………………..7.2 

  

where, PW - Present Value (worth) 

              A - Equal Annual cost 

                i -Discount Rate  

                n- Economic Life of Project (years) 

 

To find Present (P) given future value (F) (P/F, i, n)   

           

    [   ]  ………………………………………………………………….……7.3 
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The term (P / F, i, n) represent the factor that can determines the present worth P of a given 

future amount F after n years at interest rate i. 

According to figure 7.1(i. e cash flow diagram of DG) the present worth is given by equation 7.4.  

 

              ⁄            ⁄            ⁄            ⁄        

                            ⁄        

                            ⁄       ……………..………………………………………..…..7.4 

 

where,  PW (DG) - Present worth of DG 

                       Ic - Initial cost 

                                               A - Annual M&O cost 

                     SV - Salvage value 

                       n  - Economic Life of Project (years) 

                         i -  Discount rate 

                       Rc- Replacement cost 

The factors: 

o ( P/A , i, n) is [
        

       
] , n is economic life of the project 

o  (P/F, i, n) is [      ], n is the year at which the future value is considered 

 

For Well P1-PW08 

PW (DG)   = Ic+ A(P/A, 10.5, 21) + Rc(P/F, 10.5, 7) - SV(P/F, 10.5, 7) +  Rc(P/F, 10.5,        

14) -SV(P/F, 10.5, 14) - SV(P/F, 10.5, 21) 

               = 10795+ 40629(8.3537) + 10795(2.011) - 1619(2.011) +    10795(4.046) -      

1619(4.046)  – 1619(8.139) 

= 10795 + 339,402.47 + 21,708.75 – 3,255.81 +43,676.57 – 6,550.47 -     

13,177.04 

                             = $392,599.47 

According to figure 7.2 (i. e cash flow diagram of PV system) the present worth is given by 

equation 7.5. 

 

              ⁄             ⁄       ……………………………………7.5 
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where, PW (PV)- Present worth of PV system 

                     Ic- Initial cost 

                     A- Annual O&M cost 

                      i- Discount rate 

                      n- Economic Life of Project (years) 

                   Rci- Inverter replacement cost 

 

PW (PV) = Ic + Rci(P/F 10.5, 11) + A(P/A10.5, 21) 

                           = 212,000.00 + 20,000(2.99) + 349(8.3537) 

                           = $274,715.44 

 

Then the equivalent annual worth is given by equation 7.6. 

AW = PW (A / P i, n) 

 

     [
       

        
]                                    

  where,  n = 21 

 

Therefore, the annual worth of DG and PV systems are calculated as shown below. 

AW (DG) =PW(DG)* [
       

        
] 

                             =392,599.47*(0.119) 

                             =46,719.33 

AW (PV) =PW(PV)* [
       

        
] 

                            =274,715.44*(0.119) 

                            =32,691.14 

 

For Well P1-PW09 

The present worth for a Diesel system is computed according to equation 7.4. 
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PW (DG)    = Ic+ A(P/A, 10.5, 21) + Rc(P/F, 10.5, 7) - SV(P/F, 10.5, 7) +  Rc(P/F, 10.5,  

14) – SV(P/F, 10.5, 14) - SV(P/F, 10.5, 21) 

=10795+49830(8.3537) + 10795(2.011) - 1619(2.011) + 10795(4.046) - 

1619(4.046) - 1619(8.139) 

= 10795 + 416,264.87 + 21,708.75 – 3,255.81 + 43,676.57 – 6,550.47 -  

13,177.04 

                               = $469,461.87 

 

The present worth for a PV system is computed according to equation 7.5. 

PW (PV)    = Ic + Rci(P/F 10.5, 11)  + 371(P/A10.5, 21) 

                              = $226,560.00 + 20,000(2.99) + $371(8.3537) 

                              = $289,459.22 

 

Equivalent annual worth for both systems is calculated below as shown in equation 7.6. 

AW (DG)  = PW(DG)* [
       

        
] 

                             = 469,461.87*(0.119) 

                             = 55,865.96 

AW (PV)  = PW(PV) *[
       

        
] 

                             = 289,459.22*(0.119) 

                             = 34445.65 

 

For Well P1-BTW07 

The present worth for a Diesel system is computed according to equation 7.4. 

PW (DG)   = Ic+ A(P/A, 10.5, 21) + Rc(P/F, 10.5, 7) - SV(P/F, 10.5, 7) +  Rc(P/F, 10.5,  

14) – SV(P/F, 10.5, 14) - SV(P/F, 10.5, 21) 

=10795+58135(8.3537) + 10795(2.011) - 1619(2.011) + 10795(4.046) –          

1619 (4.046) – 1619(8.139) 

= 10,795.00 + 485,642.35 + 21,708.75 – 3,255.81 + 43,676.57 – 6550.47 - 

13,177.04 
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                               = $538,839.35 

 

The present worth for a PV system is computed according to equation 7.5. 

PW (PV)  = Ic + Rci(P/F 10.5, 11)  + A(P/A10.5, 21) 

                            = 256,320.00 + 24000(2.99) + 416(8.3537) 

                            = $331,555.14 

 

Equivalent annual worth for both systems is calculated below as shown in equation 7.6. 

AW (DG) = PW(DG) *[
       

        
] 

                            = 538,839.35*(0.119) 

                            = $64,121.88 

AW (PV) = PW(PV)* [
       

        
] 

                            = 331,555.14*(0.119) 

                            = $39,455.06 

 

The decision rule for LCC analysis is to choose the alternative with the lowest LCC. Since PV 

has the lowest LCC it should be chosen. 

7.3 Unit Water Cost  

The unit water cost (UWC) reflects the cost of water and therefore provides a measure for the 

cost at which water at a particular installation needs to be sold at in order to recover the all-

inclusive costs for providing the water supply service. 

 

To determine the unit water cost, the LCC should be converted into the annual equivalent life 

cycle cost. In other words, the LCC will be distributed equally over the system‟s economic life. 

Then the ALCC (AW) is divided by the annual water production (requirement) to determine the 

unit water cost as shown in equation 7.7. 
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where, AWP-annual water production [m
3
] 

 

For Well P1-PW08 

UWC (DG) = 
         

       
 

                               =0.58 $/m
3
 

UWC (PV) = 
        

       
  

                               =0.41 $/m
3 

 

For Well P1-PW09 

Unit water cost for both systems is calculated below as shown in equation 7.7. 

UWC (DG)  = 
         

      
 

                                =0.69 $/m
3
 

UWC (PVG) = 
        

      
 

                                =0.43 $/m
3
 

 

For Well P1-BTW07 

Unit water cost for both systems is calculated below as shown in equation 7.7. 

UWC (DG) = 
         

      
 

                               =0.79 $/m
3
 

UWC (PV) = 
         

      
 

                               =0.49 $/m
3
 

 

7.4 Financial Viability Analysis  

The results produced in the economic analysis show that the PV system in all three cases is 

highly economically feasible and these are: 
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7.4.1 Payback Period  

The simple payback is the number of years it takes for the cash flow (excluding debt payments) 

to equal the total investment (which is equal to the sum of the debt and equity). The year-to-

positive cash flow (Equity pay-back) is the first year that the cumulative cash flows for the 

project are positive.  

 

For Well P1-PW08 

The project‟s initial investment will be fully recovered within 6.3 years.  

Equity pay-back period is 4 years. 

 

 

Figure 7.3 Cumulative Cash Flow diagram for well P1-PW08 

 

For well P1-PW09 

The project‟s initial investment will be fully recovered within 5.4 years.  

Equity pay-back period is 3 years. 
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Figure 7.4 Cumulative cash flows graph for well P1-PW09 

 

For Well P1-BTW07 

The project‟s initial investment will be fully recovered within 5.1 years.  

Equity pay-back period is 2.8 years. 

 

 

Figure 7.5 Cumulative cash flows graph for well P1-BTW07 
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7.4.2 Internal Rate of Return  

The model calculates the pre-tax internal rate of return on equity and asset, which represents the 

true interest yield provided by the project equity and assets over its life before income tax. It is 

calculated using the pre-tax yearly cash flows and the project life. It is calculated by finding the 

discount rate that causes the net present value of the equity and assets to be equal to zero. 

For Well P1-PW08 

The calculated IRR on equity of the project is 32.6 % and IRR on asset is 14%. 

For Well P1-PW09 

The calculated IRR on equity of the project is 40.2 % and IRR on asset is 16.7%. 

For Well P1-BTW07 

The calculated IRR on equity of the project is 42.6 % and IRR on asset is 17.5%. 

7.4.3  Net Present Value  

The net present value of a project is the value of all future cash flows, discounted at the discount 

rate, in today‟s currency. Under the NPV method, the present value of all cash inflows is 

compared against the present value of all cash outflows associated with an investment project. 

The difference between the present values of these cash flows, called the NPV, determines 

whether or not the project is generally a financially acceptable investment. Positive NPV values 

are an indicator of a potentially feasible project. 

For Well P1-PW08 

The net present value at 10.5% discount rate is Birr 260420 $.  

For Well P1-PW09 

The net present value at 10.5% discount rate is Birr 361103 $.  

For Well P1-BTW07 

The net present value at 10.5% discount rate is Birr 435,022 $.  

7.4.4 Annual Life Cycle Saving  

The model calculates the annual life cycle savings which is the nominal yearly savings having 

exactly the same life and net present value as the project. The annual life cycle savings are 

calculated using the net present value, the discount rate and the project life.   

 

For Well P1-PW08 

Based on the cash flow statement, ALCS is 31174 $/year. 
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For Well P1-PW09 

Based on the cash flow statement, ALCS is 43226 $/year. 

For Well P1-BTW07 

Based on the cash flow statement, ALCS is 52,075 $/year. 

7.4.5 Benefit Cost Ratio  

The benefit-cost ratio is an expression of the relative profitability of the project. The model 

calculates the net Benefit-Cost ratio, which is the ratio of the net benefits to costs of the project. 

Ratios greater than 1 are indicative of profitable projects. 

For well P1-PW08 

The benefit cost ratio is 4.65. 

For well P1-PW09 

 The benefit cost ratio is 5.75. 

For Well P1-BTW07 

The benefit cost ratio is 6.07. 

7.4.6 Total Annual Saving and Income 

The total annual savings and income represents the annual savings and/or income realized due to 

the implementation of the proposed case system. 

For well P1-PW08 

 Based on the cash flow statement, AS is 36119 $. 

For well P1-PW09 

Based on the cash flow statement, AS is 45320 $. 

For Well P1-BTW07 

Based on the cash flow statement, AS is 53,625 $. 

7.4.7 GHG Reduction Cost 

The GHG Emission reduction cost (GRC) represents the nominal cost to be incurred for each 

tone of GHG avoided. 

For Well P1-PW08 

Based on the cash flow statement, the GHG reduction cost is 362 $/tco2. 

For Well P1-PW09 
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Based on the cash flow statement, the GHG reduction cost is 425 $/tco2. 

For Well P1-BTW07 

Based on the cash flow statement, the GHG reduction cost is 426 $/tco2. 

7.4.8 Breakeven Between PV and Diesel Generator 

The choice between PV generators and Diesel generators technology should be made based on 

comparative life cycle costing where the solution with a lower cost over the project life is 

selected. An indicator of attractiveness is the year to breakeven which is when the cumulative 

LCC of PV becomes lower than the cumulative LCC of DG. The shorter the years to breakeven, 

the more attractive the renewable energy solution becomes and the higher the cost savings over 

the project life. 

 

Figure 7.6 shows a typical graph presenting the years to breakeven. In this case a PV generator is 

compared with a Diesel engine, pumping for eight hours every day (assuming that the necessary 

reservoirs are in place).  

For well P1-PW08 

The breakeven occurs after five years. 

 

Figure 7.6 Break-even between PV and DG for well P1-PW08 

 

For well P1-PW09 
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The break even occurs after four and half years. 

 

Figure 7.7 Break-even between PV and DG for well P1-PW09 

 

For Well P1-BTW07 

 

Figure 7.8 Break-even between PV and DG for well P1-BTW07 

 

7.5 Financial Risk Analysis 

The risk analysis is performed using a Monte Carlo simulation by RETScreen software that 

includes 500 possible combinations of input variables resulting in 500 values of after-tax IRR - 

equity, after-tax IRR - assets, equity payback or Net Present Value. The risk analysis allows to 

assess if the variability of the financial indicator is acceptable, or not, by looking at the 
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distribution of the possible outcomes. An unacceptable variability will be an indication of a need 

to put more effort into reducing the uncertainty associated with the input parameters that were 

identified as having the greatest impact on the financial indicator. 

 

The simulation consists of two steps: 

1. For each input parameters, 500 random values are generated using a normal (Gaussian) 

distribution with a mean of 0 and a standard deviation of 0.33 using the random number 

generation function in Microsoft Excel‟s Data Analysis Tool Pack. Once generated, these 

random numbers are fixed.  

2. Each random values is then multiplied by the related percentage of variability (range) 

specified in the Risk analysis worksheet. The result is 500 x 9 matrix containing 

percentage of variation that will be applied to input parameters‟ initial value in order to 

obtain 500 results for the output financial indicators.  

 
Table 7.8 Input Parameters and Output Indicators associated with the Monte Carlo simulation 

performed in the RETScreen Risk Analysis Model. 

Technical and Financial Parameters 

(Input parameters) 

Financial Indicators  

(Output indicators) 

Initial cost after-tax IRR-equity 

O&M after-tax IRR – assets 

Fuel cost- base case equity payback (year to positive cash flow) 

Debt ratio  Net Present Value 

Debt interest rate  

Debt term  

 

7.5.1 Impact Graph 

The impact graph shows the relative contribution of the uncertainty in each key parameter to the 

variability of the financial indicator. The X axis at the bottom of the graph does not have any 

units, but rather presents a relative indication of the strength of the contribution of each 

parameter.  
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The longer the horizontal bar, for a given input parameter, the greater is the impact of the input 

parameter on the variability of the financial indicator.  

 

The input parameters are automatically sorted by their impact on the financial indicator. The 

input parameter at the top (Y axis) contributes the most to the variability of the financial 

indicator while the input parameter at the bottom contributes the least. This "tornado graph" will 

help us to determine which input parameters should be considered for a more detailed analysis, if 

that is required.  

 

The direction of the horizontal bar (positive or negative) provides an indication of the 

relationship between the input parameter and the financial indicator. There is a positive 

relationship between an input parameter and the financial indicator when an increase in the value 

of that parameter results in an increase in the value of the financial indicator. For example, there 

is usually a negative relationship between initial costs and the Net Present Value, since 

decreasing the initial costs will increase the NPV.  

7.5.1.1 Impact of Input Parameters on After-tax IRR-equity  

For well P1-PW08 

Impact of input parameters on IRR-equity is shown in figures 7.9, 7.10 and 7.11 for each well. 

The figures shows that the input parameters like initial cost, debt interest rate and O&M lay on 

the negative side of the horizontal bar but the parameters like base-case fuel cost and debt ratio 

lay on the positive side. This implies increasing in initial cost strongly reduces IRR on equity 

whereas increasing base-case fuel cost and debt ratio will improve it. 

 

Figure 7.9 Impact on After-tax IRR-equity for well P1-PW08 
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For well P1-PW09 

 

Figure 7.10 Impact on After-tax IRR-equity for well P1-PW09 

 

 

For well P1-BTW07 

 

Figure 7.11 Impact on After-tax IRR-equity for well P1-BTW07 

 

7.5.1.2 Impact of Input Parameters on After-tax IRR-asset  

For well P1-PW08 

The impact of the input parameters on IRR-asset is shown in figures 7.12, 7.13 and 7.14 for each 

well. Figure 7.12 clearly shows all the input parameters fall on the negative side of the horizontal 

bar except base-case fuel cost. This implies that increasing the value of input parameters on the 

negative side of the horizontal bar will reduce IRR on asset whereas increasing the base-case fuel 

cost which lay on positive side of the horizontal will bar improve IRR on asset. 
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In figure 7.13 and 7.14 the debt term lay on positive side of the horizontal bar but the rest 

parameters are similar with figure 7.12. 

The impact of initial cost and base-case fuel cost is higher than the rest of the input parameters. 

 

Figure 7.12 Impact on After-tax IRR-asset for well P1-PW08 

 

For well P1-PW09 

 

Figure 7.13 Impact on After-tax IRR-asset for well P1-PW09 
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For well P1-BTW07 

 

Figure 7.14 Impact on After-tax IRR-asset for well P1-BTW07 

 

7.5.1.3 Impact of Input Parameters on Equity Payback 

The impact of input parameters on equity payback is given in figures 7.15, 7.16 and 7.17 for each 

well. 

The figures shows the impact of initial cost and base-case fuel cost are higher than the rest input 

parameters. Since base-case fuel cost lay on the negative side of the horizontal bar an increasing 

of this value will reduce the number of years to equity pay back and vise versa for initial cost. 

This implies big attention has to be given to these parameters in order to minimize over 

estimation of the project payback period. 

For well P1-PW08 

 

Figure 7.15 Impact on Equity payback for well P1-PW08 
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For well P1-PW09 

 

Figure 7.16 Impact on Equity payback for well P1-PW09 

For well P1-BTW07 

 

Figure 7.17 Impact on Equity payback for well P1-BTW07 

7.5.1.4 Impact of Input Parameters on NPV 

The impact of input parameters on NPV is given in figures 7.18, 7.19 and 7.20 for each well. As 

can be seen from the figures the impact of base-case fuel cost is more significant than the other 

parameters. If the base-case fuel cost is increased then the NPV will be improved whereas 

increasing of initial cost will reduce it. 
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For well P1-PW08 

 

Figure 7.18 Impact on NPV for well P1-PW08 

For well P1-PW09 

 

Figure 7.19 Impact on NPV for well P1-PW09 

For well P1-BTW07 

 

Figure 7.20 Impact on NPV for well P1-BTW07 
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7.5.2 Distribution Graph  

This histogram provides a distribution of the possible values for the financial indicator resulting 

from the Monte Carlo simulation. The height of each bar represents the frequency (%) of values 

that fall in the range defined by the width of each bar. The value corresponding to the middle of 

each range is plotted on the X axis.  

Looking at the distribution of financial indicator, we are able to rapidly assess its' variability.  

 

For well P1-PW08 

 

Figure 7.21 Distribution graph of NPV for well P1-PW08 

For well P1-PW09 

 

Figure 7.22 Distribution graph of NPV for well P1-PW09 
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For well P1-BTW07 

 

Figure 7.23 Distribution graph of NPV for well P1-BTW07 

For well P1-PW08 

 

Figure 7.24 Distribution graph of Equity payback for well P1-PW08 

For well P1-PW09 

 

Figure 7.25 Distribution graph of Equity payback for well P1-PW09 
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For well P1-BTW07 

 

Figure 7.26 Distribution graph of Equity payback for well P1-BTW07 

For well P1-PW08 

 

Figure 7.27 Distribution graph of After-tax IRR-asset for well P1-PW08 

For well P1-PW09 

 

Figure 7.28 Distribution graph of After-tax IRR-asset for well P1-PW09 
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For well P1-BTW07 

 

Figure 7.29 Distribution graph of After-tax IRR-asset for well P1-BTW07 

For well P1-PW08 

 

Figure 7.30 Distribution graph of After-tax IRR-equity for well P1-PW08 

For well P1-PW09 

 

Figure 7.31 Distribution graph of After-tax IRR-equity for well P1-PW09 
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For well P1-BTW07 

 

Figure 7.32 Distribution graph of After-tax IRR-equity for well P1-BTW07 

 

7.5.3 Sensitivity Analysis 

This section presents the results of the sensitivity analysis. Each table shows what happens to the 

selected financial indicator (e.g. After-tax IRR - equity) when two key parameters (e.g. Initial 

costs and O&M) are varied by the indicated percentages. 

 

In the sensitivity analysis the projects economical calculations are presented in tables where 

different components of the calculations are highlighted and their effect on the final outcome is 

discussed. 

 

The threshold is the value under which (for the "After-tax IRR - equity," "After-tax IRR - assets" 

and "Net Present Value (NPV)") or over which (for "Equity payback") the project designer 

considers that the proposed project is not financially viable. Results which indicate an unviable 

project, as defined by the threshold, will appear as orange cells in the sensitivity analysis results 

tables. 

 

Table 7.9, 7.10 and 7.11 show what happens to After-tax IRR -asset when Initial costs and fuel 

cost-base case are varied by the indicated percentages. 
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 Case I Sensetivity range = 10% and Threshold = 11% 

Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied 

 
Table 7.9 Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied for well 

P1-PW08 

 

 

Table 7.10 Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied for well 
P1-PW09 

 

 

Table 7.11 Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied for well 
P1-BTW07 

 

7.5.3.1 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied 

Table 7.12, 7.13 and 7.14 show what happens to After-tax IRR-asset when Initial costs and 

O&M are varied by the indicated percentages. 

 

Table 7.12 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied for well P1-
PW08 
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Table 7.13 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied for well P1-
PW09 

 

 

Table 7.14 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied for well P1-
BTW07 

 

 

7.5.3.2 Sensitivity of After-tax IRR-asset when Initial costs and Debt interest rate are 

varied 

Table 7.15, 7.16 and 7.17 show what happens to After-tax IRR asset when Initial costs and debt 

interest rate are varied by the indicated percentages. 

 
Table 7.15 Sensitivity of After-tax IRR-asset when Initial costs and debt interest rate are varied for well 

P1-PW08 

 

 

Table 7.16 Sensitivity of After-tax IRR-asset when Initial costs and debt interest rate are varied for well 
P1-PW09 
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Table 6.17 Sensitivity of After-tax IRR-asset when Initial costs and debt interest rate are varied for well 

P1-BTW07 

 

 

7.5.3.3 Sensitivity of Equity Payback when Initial costs and Fuel cost-base case are varied 

Table 7.18, 7.19 and 7.20 show what happens to equity pay back when Initial costs and fuel cost-

base case are varied by the indicated percentages. 

 

Table 7.18 Sensitivity of equity payback when Initial costs and fuel cost-base case are varied for well P1-
PW08 

 

 
Table 7.19 Sensitivity of equity payback when Initial costs and fuel cost-base case are varied for well P1-

PW09 

 

Table 7.20 Sensitivity of equity payback when Initial costs and fuel cost-base case are varied for well P1-
BTW07 
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7.5.3.4 Sensitivity of NPV when Initial costs and Fuel cost-base case are varied 

Table 7.21, 7.22 and 7.23 show what happens to NPV when Initial costs and fuel cost-base case 

are varied by the indicated percentages. 

 

Table 7.21 Sensitivity of NPV when Initial costs and fuel cost-base case are varied for well P1-PW08 

 

 

Table 7.22 Sensitivity of NPV when Initial costs and fuel cost-base case are varied for well P1-PW08 

 

 
 

Table 7.23 Sensitivity of NPV when Initial costs and fuel cost-base case are varied for well P1-BTW07 

 

 

 Case II Sensetivity range = 20% and Threshold = 11% 

7.5.3.5 Sensitivity of After-tax IRR-asset when Sensitivity range is 20%  

Table 7.24 Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied for well 
P1-PW08 
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Table 7.25 Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied for well 

P1-PW09 

 

Table 7.26 Sensitivity of After-tax IRR-asset when Initial costs and fuel cost-base case are varied for well 
P1-BTW07 

 

 
Table 7.27 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied for well P1-

PW08 

 

Table 7.28 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied for well P1-
PW09 

 

 

Table 7.29 Sensitivity of After-tax IRR-asset when Initial costs and O&M costs are varied for well P1-
BTW07 
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Table 7.30 Sensitivity of After-tax IRR-asset when Initial costs and debt interest rate are varied for well 
P1-PW08 

 

 
Table 7.31 Sensitivity of After-tax IRR-asset when Initial costs and debt interest rate are varied for well 

P1-PW09 

 

 

Table 7.32 Sensitivity of After-tax IRR-asset when Initial costs and debt interest rate are varied for well 
P1-BTW07 
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7.6 Summary of Financial Analysis 

Table 7.33 Summary of financial analysis 

 

 

 

 

 

 

 

 

S/n  Well 

description  

 

PWDG 

[$] 

PWPV 

[$] 

NPV 

[$] 

B-C ALCS 

[$/year] 

GRC 

[$/tco2] 

PBP [year] IRR [%] UWC [$/m
3
] 

Simple  Equity  Asset  Equity  DG PV 

1 P1-PW8 392599 274715 260420 4.6 31174 362 6.3 4 14 32.6 0.58 0.41 

2 P1-PW9 469461 289459 361103 5.7 43226 425 5.4 3 16.7 40.2 0.69 0.43 

3 P1-BTW7 538839 331555 435022 6.1 52075 426 5.1 2.8 17.5 42.6 0.79 0.49 
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Figure 7.33 Comparison of PW, NPV and ALCS for three wells 

 

 

Figure 7.34 Comparison of B-C, SPBP and equity pay-back for all wells 
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Figure 7.35 IRR on equity and IRR on asset comparison for all wells 

  

 

 

Figure 7.36 UWC comparison of Diesel and PV system for all wells 

 

Figure 7.36 shows that the cost of a cubic meter of water produced by PV system is around 70 % 

of a cubic meter of water produced by DG for all wells under the study.  
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CHAPTER EIGHT 

8. Conclusion & Recommendations 

8.1 Conclusion 

Based on the results obtained from this study, the following conclusions are drawn: 

 

The major disadvantage of the DG over the PV system is the higher O&M cost and 

environmental impact. The initial cost of the PV system considered as the only disadvantage 

over the Diesel system, however, particularly in remote areas the higher initial cost of the PV 

system could be still justified by the savings in the lower O&M cost as well as the increased 

reliability throughout the useful life of the PV system. 

 

The life cycle cost analysis done that covered both systems proves that the PV water pumping 

system is the more economical choice over the Diesel water pumping system because of several 

reasons such as no fuel needed to run PV system, low maintenance and operation costs compared 

with Diesel pumping system. 

 

Most of the previous studies are focused on small water discharge and head application but from 

this study it can be concluded that PV power for water pumping is cost competitive with 

traditional Diesel energy sources for average water discharge and head of remote applications, if 

the total system design and time of utilization is carefully considered and organized to use the 

solar energy as efficiently as possible.  

 

In the future, if the prices of fossil fuel rise more and the economic advantages of mass 

production reduce the peak watt cost of the photovoltaic cell, the PV pump will be more 

competitive with conventional supply. 

 

According to the results of the cumulative LCC analysis the years to breakeven between PV and 

DG system is less than five years. 
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The research found that the unit water cost of PV system is less than the unit water cost of Diesel 

system. 

 

According to the sensitivity analysis variation of technical and financial parameters by 10% does 

not significantly affect the financial indicators. When the variations of technical and financial 

parameters are extended to 20%, which is a big range, the values of financial indictors is lower 

than the threshold. 

 

The financial risk analysis done using RETScreen software indicates the impact of the input 

parameters (initial cost and fuel cost-base case) is higher on the variability of financial indicators 

(IRR, PBP and NPV). This implies that the two parameters have to be carefully analyzed to 

minimize the degree of risk in the project. 

  

Unless there is significant subsidization and encouragement from the government, PV systems 

cost is still considered too high to be used widely especially in remote areas therefore, one has to 

properly size and optimize the system operation. 

 

Nowadays, the environmental issue becomes one of the main concerns of the world nations. At 

the stage of power generation, photovoltaic system generally produces no air pollution, 

hazardous wastes and noise. Thus Photovoltaic systems appear to be promising in view of their 

environmentally clean nature and the advantage of direct conversion to electrical energy. 

8.2 Recommendations 

Assessment of PV generators to replace Diesel generators in Borana Zone indicates that the area 

has a huge potential of solar energy for water pumping. There are, however, some challenges like 

low purchasing power of the community and lower energy conversion of PV cell, towards the 

development and adaptation of PV water pumping technologies. It is thus recommended that the 

government, nongovernmental organizations and the public make concerted efforts to overcome 

these challenges by using more flexible approaches to improve the current state of PV water 

pumping system in Ethiopia. 

 



Page | 81  

 

I also recommend that the National Meteorological Agency of Ethiopia (NMAE) to make 

available the solar data in the form required for researchers of the country and to install direct 

solar energy measuring instruments at least in some areas of the country which are supposed to 

have higher potential of solar energy. 

 

Finally, I recommend that, to know the exact solar resource potential of Ethiopia to replace the 

conventional Diesel energy and to solve the problems of utilizing PV for water pumping in the 

country more studies should be conducted in the future. 
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APPENDICES 

Appendix A: Results from RETScreen Software  

A1.1 Well P1-PW08 

 

 

 



Page | 86  

 

 

 



Page | 87  

 

A1.2 Well P1-PW09 
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A1.3 Well P1-BTW07 
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Appendix B: Weather Data 
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Appendix C: Well Data 
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Appendix D: PV Module Specification 
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Appendix E: Diesel Generator Specification 

The generator is Cummins Diesel engine and Faraday alternator and power 75 kW with 8 hours 

daily fuel tank. 

 

Model  kVA kWe Engine Gen-set 

Standby  Prime  Standby  Prime  Model  Fuel consumption 

[l/h] 

No. of 

cylinder 

B x S 

mm 

Wt. Kg 

XD85C 106 98 85 75 6BT5.9-G 24 6 102x120 1100 
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Appendix F: Submersible Motor Specification  

For well P1-PW08 
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For well P1-PW09 
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For well P1-BTW07 

 

 

 

 



Page | 100  

 

 

 

 

 

 

 

 


