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ABSTRACT 

Isolated or Stand-alone power systems with the use of renewable energy 

sources have become cost-effective and a convenient option for areas where 

grid connection is neither available nor feasible. A hybrid combination of 

Renewable Energy Technologies (RETs) is considered to be the best suited 

alternative to an expensive grid extension for remote areas around the world. 

This research focuses on creating a model for electricity generation from a 

mix of renewable resources (hydro, solar and biomass) using FUTO in 

Ihiagwa village as a case study to satisfy the electrical needs of a new ICT 

building. Applying HOMER software, this research presents an analysis for 

choosing the most economical hybrid RET system and compares it with 

conventional grid extension. Firstly, the hourly load demand pattern of the 

building is studied and suitably modeled. With HOMER simulations, the 

optimized sizing of hydro power (HP), solar photovoltaic (SPV) and biogas 

(methane) generator systems are obtained. On the basis of the minimized 

Cost Of Energy (COE) generation obtained, the economic distance limit 

(EDL) is calculated. The hybrid RET system selected by HOMER for this 

load center scenario from the various other prospective combinations of the 

sensitivity analysis is a combination of a 67.4KW HP, 5KW SPV, 1KW 

biogas generator and 1 battery with a COE of $0.131/Kwh (i.e. N20.96) 

giving an EDL of about 5.8Km. 

 

Keywords: Hybrid, Photovoltaics, Biomass, Biogas, Stand-Alone, Off-Grid, 

Renewable, Energy,Hydro. 
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CHAPTER ONE 

INTRODUCTION 
 

1.0 BACKGROUND  

There are currently more than 1.5billion people with access to electricity 

worldwide and it is estimated that no more than 20% and in some countries 

as little as 5% of the population in Africa (including South Africa and Egypt) 

have direct access to electricity (Orukpe, Igbinovia, 2007). The figure falls to 

2% in rural areas. Demand is expected to grow by about 5% annually over 

the next 20 years. Africa constitutes approximately 10% of the world’s 

population but the total primary energy consumption of Africa is only about 

3% of the total world primary energy consumption (Bp, 2002) and a review 

study puts rural households average energy requirement between 1,583.2 to 

2,324.5Whr/day (UNIDO, 2006). 

 Nigeria a typical country in Africa with a land-mass of 910770sq.km 

is the 9th largest country in the world with a population of about 160million. 

Urban dwellers make up 30% of this population and the remaining 70% are 

rural dwellers and mostly farmers [Orukpe, Igbinovia, 2007]. In Nigeria, 

73% of her population is without access to electricity (Sunday Vanguard, 

2007 and NUC report, 2005) and this makes efforts for development very 

difficult. Thus, it is important to increase access to energy services for rural 

areas, in order to achieve the millennium development goals. In Nigeria, the 

national grid is over congested and there is no adequate power supply to 

urban areas, therefore, to connect remote rural areas to the same grid could 

cause a total system collapse. Interestingly, most of these rural areas have 

vast renewable energy resources ranging from solar to hydro and biomass. If 

those vast renewable energy resources that are available in most rural areas 

of Nigeria can be harnessed, it will not only reduce the cost of equipment 

installation to transport power to such locations but will also improve the 
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stability and reliability of the national grid and will reduce environmental 

pollution.. 

 In the rural areas of Nigeria where over 70% of the entire population 

live, a modern energy supply system such as electricity is lacking and this 

fact has made most of the people to depend on fuel-wood for daily energy 

needs. This has caused deforestation and desertification to an unimaginable 

extent. The lack of interest by government in replantation and rehabilitation 

schemes for the vegetation used up and for the degraded soil has worsened 

the problem further. Continuous erosion has washed off fertile top soil and 

has changed the land into hard pebbly fields and dry soil. Typical examples 

of this effect are seen in the eastern and southern parts of the country. 

 Currently, the Power Holding Company of Nigeria (PHCN) which is 

the sole electric power producer in the country, generates considerably less 

than 1000Mw [PHCN, 2010] of electricity and this is grossly inadequate in a 

country of about 160million [National Census, 2009]. This shortfall has led 

to unprecedented load shedding to the point that there seem to be no 

difference between off-grid rural dwellers and urban dwellers. 

 The use of fossil fuel resources is becoming obviously unreliable an 

option as it is becoming increasingly clear that it evokes compounded 

problems such as fluctuating prices of petroleum products and it’s 

environmentally – unfriendly nature because of carbon-dioxide (C02) 

emission and other gases believed to be cardinal causes of global warming. 

Apart from this mentioned facts, is also the fact that there is a fast depletion 

rate of fossil fuel sources and they have caused untold political up heaves 

around the world. It appears that man has abandoned his natural God giving 

source of energy and is going after one that is destroying his very 

environment. Despite the fact that Nigeria has a vast reserve of fossil fuel 

and despite government subsidy on these products, the price of fuel has 

increased by more than 50% in less than 5years. With the escalating price of 
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oil and Nigeria’s shaky economy, it goes without saying that Nigeria will not 

emerge from its economic problems in the foreseeable future if she continues 

to neglect the option of renewable energy. In most tropical regions of the 

world, the annual solar radiation reaching the ground is well above 

2000Kwh/m2 [Bekele, 2009]. In Nigeria, vast expanse of fertile soil and 

conducive weather exists to encourage agriculture and increase the 

availability of biomass.   In Nigeria also, most of our rural areas have rivers 

and streams passing through them. All these could form an unimaginably 

large source of renewable energy. Considering these facts, it is believed that 

these three resources are immediate candidates for investigation and the most 

feasible resources to work on. These three resources are therefore the focus 

of this research. Investigations into the resources are a present global 

continuous phenomenon. Furthermore, it cannot be over emphasized that 

these resources are clean and environmentally friendly while being relatively 

inexhaustible and inexpensive once they have been out in place. Moreover, 

the stability of the existing national grid can be improved if there is 

reduction in the total load demand from it. This can be achieved by shedding 

the load from these rural areas permanently by supplying them with 

renewable energy. 

 

 

1.1 PROBLEM STATEMENT 
 

 Off-grid settlements require efficient, reliable and cost effective 

renewable energy as alternative to power supplied by diesel generators due 

to the increase in the price of fossil fuel and the effect of harmful gases 

released to the environment during their operation. If the vast renewable 

energy resources that are available in most rural areas of Nigeria can be 

harnessed, it will not only reduce the cost of equipment installation to 

transport power to such locations, but will also improve the stability and 
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reliability of the national grid and will reduce environmental pollution 

(greenhouse effect). Because of the conservative nature of most renewable 

energy sources, it is very important to strike a very reasonable balance 

between their scarce output and demand. This necessary compromise can be 

achieved by applying techniques of optimization on the model equations that 

describe within reasonable constraints as well as the optional strategy for the 

system. The components will need to be sized optimally to match the 

demand. The techno-economic analysis usually looks at the cheapest cost of 

energy produced by system components [Juhari, 2007]. The configuration of 

the hybrid system will be based on a theoretical domestic load at the Federal 

University of Technology (FUTO), the local solar radiation data, flow data 

from Otamiri River and acquired biomass data from FUTO. The Hybrid 

Optimization Model for Energy Renewable (HOMER) software program is 

used for optimal analysis of these data and the results for the best 

combination for optimal performance determined. 

 

1.2 OBJECTIVE OF THE RESEARCH 

The objective of this research is to carry out an investigation of the 

potential and to design a Stand-alone micro-hydro, photovoltaic (Solar) and 

biomass (Hybrid) renewable energy system for implementation in remote 

off-grid locations in Nigeria using the Federal University of Technology, 

Owerri (FUTO) as a case study. 

 

1.3 JUSTIFICATION OF STUDY 

For governments both in developed and developing nations of the 

world to be able to face the economic, social, technological and 

environmental challenges of the present day, the need for energy 

conservation as well as for developing renewable energy technologies have 

become very critical. In view of the fact that the outputs of some of these 
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sources of renewable energy are largely dependent on our ever fluctuating 

weather situation, the need for a combined utilization of these renewable 

energy sources are therefore becoming increasingly attractive and are being 

widely used as alternatives to oil produced energy. Hybrid renewable energy 

systems are becoming popular for remote power generation applications due 

to advances in renewable energy technologies and due to continuous increase 

in oil prices globally as most governments in the world are removing subsidy 

on oil. The economic gains accruable from these technologies are so 

promising that governments around the globe including developed and 

especially developing nations like Nigeria must include them in their power 

generation strategies. Hybrid systems can be considered as a reasonable 

solution, capable of both stand-alone and grid connected consumers. 

Commonly, it consists of a mix of two or more energy sources used jointly 

to provide increased system efficiency as well as a greater balance in energy 

supply. 

 

1.4 SCOPE OF THE STUDY 

The hybrid stand-alone power supply system for this study comprises 

three renewable energy sources namely, solar, micro-hydro and biomass. 

The Hybrid Optimization Model for Energy Renewable (HOMER) software 

is used to analyze data associated with these mentioned renewable energy 

sources with respect to the feasibility of having a mix of them for an optimal 

cost effective application in the chosen area of case study (FUTO). A 

sensitivity analysis is also carried out by manipulating sensitivity variables 

associated with each renewable energy source such as range of radiation 

levels; variation of flow data with respect to yearly seasons etc. and the 

various results are compared. 
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CHAPTER TWO 
 

LITERATURE REVIEW 
 

2.1 BASIC THEORY AND THE HYBRID SYSTEM 

The hybrid system studied in this research is one combining solar, 

micro-hydro and biomass with a bank of batteries, which is included for 

backup purposes. Power conditioning units such as converters are also a part 

of the power supply system. It is conceivable that such a hybrid system has 

numerous advantages over single source standalone renewable energy 

systems. One of the major advantages is reliability, as the various renewable 

energy resources complement one another in event of low power output due 

to weather variations and the systems energy service is enhanced. Other 

advantages are the stability and immobility of the system (fewer moving 

parts) and a lower maintenance requirement, thus reducing downtime during 

repairs or routine maintenance. In addition to this, as well as being 

indigenous and free, renewable energy resources also contribute to the 

reduction of emissions and pollution. 

 
 

2.2 BASIC THEORY OF THE HYBRID SYSTEM COMPONENTS 

 The basic theory behind the operation of the various renewable energy 

sources researched in this work are discoursed in turn in this section.  

 

 

2.2.1 THEORY OF PHOTOVOLTAICS 

Photovoltaic (Photo-light; Voltaic = produces Voltage) or PV Systems 

convert light energy directly into electricity using semiconductor technology. 
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Fig.2.1:  Light Energy Converted to Electricity Through PV System [Bekele, 

2009]. 

 

The most basic power conversion unit of a photovoltaic (PV) system is the 

solar cell. As shown in Fig 2.1, sunlight strikes a PV cell and a direct current 

(D.C) is generated. An inverter inverts the D.C to an Alternating current 

(A.C) and by connecting the electric load to the output terminals, the current 

can be utilized. The intensity of light energy determines the amount of 

electricity generated. In other words, the conversion of energy relies on the 

quantum nature of light, whereby we perceive light as a flux of particles – 

photons – which carry energy, Eph as given by equation 2.1. 

 


hC

E ph             (2.1) 

   

 

Where; 

h  = the Planck’s constant 

c = the speed of light (m/s) and 

λ = the wavelength of light (m) 
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There are three different ways that the sun’s power can be harnessed. 

The most common type of solar power is the photovoltaic cells that convert 

sun light to electricity. There are also heating and cooling systems that are 

powered by the sun; they are referred to as solar thermal systems. The third 

involves solar power in lighting which involves saving electricity by 

installing skylights or windows based on the sun’s position in the sky 

throughout the year [SEA, 2008]. 

The most basic power conversion unit of a photovoltaic (PV) system 

is the solar cell. As shown in figure 2-1, sunlight strikes a PV cell and a 

direct current (D.C.) is generated. An inverter inverts the D.C. to an 

alternating Current (A.C.) and by connecting the electric load to the output 

terminals the current can be utilized [Selzir, 1986]. To understand the 

operation of a PV cell, both the nature of the material and the sunlight need 

to be considered. Solar cells consist of two types of materials, often p-type 

silicon and n-type silicon [Brian, 2000]. Light of certain wavelength is able 

to ionize the atoms in the silicon and the internal field produced by the 

junction separates some of the positive charges (“holes”) from the negative 

charges (electrons) within the photovoltaic device. The holes are swept into 

the positive or p-layer and the electrons are swept in to the negative or n-

layer. Although these opposite charges are attracted to each other, most of 

them can only recombined by passing through an external circuit outside the 

material because of the internal potential energy barrier. Therefore, if a 

circuit is made as is shown in Fig. 2.2, Power can be produced from the cell 

under illumination, since the free electrons have to pass through the load to 

recombine with the positive holes. 

The amount of power available from a PV device is determined by: 

 The type and area of the PV material. 

 The intensity of the sunlight (insolation). 

 The wave length of the sunlight. 
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Fig.2.2: Connections with Layers of P-Type and N –Type 

Silicon[Bekele,2009]. 
 

The intensity of light energy determines the amount of electricity generated. 

In other words, the conversion of energy relies on the quantum nature of 

light, whereby we perceive light as a flux of particles -photons - which carry 

the energy, Eph as given by equation 2.1.  
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On a clear day, approximately 4.4 x 1017 photons strike a square centimeter 

of the earth’s surface every second. Those photons with energy in excess of 

the band gap energy of the semiconductor material being used can be 

converted into electricity by the solar cell. A rough estimate of the current 

that can be generated by a solar cell is given by equation 2.2. Ignoring losses 

in the cell, and assuming each photon produces one electron charge, for an 

electron charge of 1.6 x 10-19 coulomb, and 4.4 x 1017 photons striking a 

square centimeter of cell area, the current density is approximately 70 

mA/cm2 [Duffie, 1991]. 
 

 qNAIL           (2.2) 

 

Where; 
 

 N = the number of photons 

 A = the area exposed to light 

q = the charge in coulomb.  
 

The maximum voltage, V, that a solar cell can generate is equal to the 

band gap of the semiconductor in use and is expressed in electron volts. This 

Fig.2.3: A Typical Suntech Photovoltaic Panel. 
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means that the separation of electrons and holes at the terminals of the solar 

cell can only continue until the electrostatic energy of the charges after 

separation equals the pair energy in the semiconductor. 

 In other words, the maximum voltage that can be generated by a solar 

cell is numerically equal to the band gap of the particular semiconductor in 

use expressed in electronvolts [Tomas, 2000]. 
 

 
q

E
V g        (2.3) 

 

A diagram of a typical solar cell is given in Fig. 2.4. The current generated is 

extracted via contacts on the front and rear sides of the cell. A thin layer of 

dielectric material, known as an anti-reflection coating or ARC, covers the 

cell to minimize light reflection from the uppermost surface. 

 

 

Fig.2.4: Typical Silicon Solar Cells [Tomas, 2000]. 
 

Currently, there are many different types of solar cells available in the 

market with different proportions as given in Fig: 2.4. 
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Fig.2.5: Proportion of PV Technologies in the Market [Bekele, 2009]. 
 

Depending on the manufacturing process, the modules can be of four types. 

a. Mono-crystalline Silicon. 

b. Multi-crystalline/Polycrystalline Silicon. 

c. Amorphous Silicon 

d. Others (e.g Ribbon silicon etc). 

 

Photovoltaic panels convert solar radiation to electricity with efficiencies in 

the range of 5% to 20%, depending on the type of the cell. 

(a) Mono-Crystalline Silicon. 

Most photovoltaic cells are of single-crystal types. To manufacture the 

cell, silicon is purified, melted, and crystallized into ingots. The ingots are 

sliced into thin wafers to make individual cells. The cells have a uniform 

color, usually blue or black. 
 

(b) Polycrystalline Silicon. 

Polycrystalline cells are manufactured and operated in a similar 

manner. The difference is that lower cost silicon is used. This usually results 

in slightly lower efficiency, but polycrystalline cell manufacturers assert that 

the cost benefits outweigh the efficiency losses. The surface of 

polycrystalline cells have a random pattern of crystal borders instead of the 

solid color of single crystal cells. 
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(c) Amorphous Silicon 

The previous two types of silicon used for photovoltaic cells have a 

distinct crystal structure. Amorphous silicon has no such structure. 

Amorphous silicon is sometimes abbreviated "ASi" and is also called thin 

film silicon. 

Amorphous silicon units are made by depositing very thin layers of 

vaporized silicon in a vacuum onto a support of glass, plastic, or metal. Since 

they can be made in sizes up to several square yards, they are made up in 

long rectangular "strip cells." These are connected in series to make up 

"modules. Modules are connected in series and parallel to get solar panels 

and a series parallel connection of panels make up arrays. A typical solar 

panel is shown in Fig.2.3. 
 

(d) Ribbon Silicon 

Ribbon-type photovoltaic cells are made by growing a ribbon from the 

molten silicon instead of an ingot. These cells operate in the same way as 

single and polycrystalline cells. The anti-reflective coatings used on most 

ribbon silicon cells give them a prismatic rainbow appearance. 
 

1. Photovoltaic Panel 

A photovoltaic panel is a flat plate, composed by photovoltaic cells 

that have the property of converting the energy from the sun into electrical 

energy. When the temperature of a photovoltaic module is increased, the 

efficiency drops. This can typically result in an efficiency drop off of 0.5% 

per oC increase in the cell operating temperature. The operating temperature 

is increased because a large part of the solar radiation is not converted to 

electricity but is absorbed by the panel as heat [Rai, 2005]. The voltage and 

the power of PV cells are too small to supply meaningful power to any 

device. For this reason, many cells are combined together in a PV panel with 

common electrical output. 
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One of the main features of the panel is the peak power. The peak 

power is the power from the photovoltaic when the solar irradiance is 

1000W in every square meter, when the temperature is 25ºC. It is obvious 

that the power from the panel depends on the area of the panel, the type and 

its operation temperature. The maximum power is given from the 

manufacturer [Penick, 1998]. The operating voltage is another important 

characteristic of the panel. Most photovoltaics today are constructed in a way 

that they produce power higher than 12 V in order to charge the 12V 

batteries. Apart from the voltage, the operating current is another parameter. 

The current is determined from the maximum power from the panel and the 

voltage. For bigger PV systems, panels with operating voltages equal to 24V 

or even 48V are used. 

 

Fig.2.6: PV Electric Power Generation Arrangements. 

 

 Voltage is a measure of electromotive force (the force of the electrons 

in a circuit), and is only one of the parameters that electricity comprises. 

Another is amperage, which represents the amount of current being 

generated and distributed. While voltage is a function of the cells physical 

composition, amperage is affected not only by the area of the cell but also by 

the amount and intensity of light falling upon it. The third unit of electrical 
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Cell Cell Cell Cell 

Cell Cell Cell Cell 

measurement is wattage. Wattage equals volts times amperes and is used to 

indicate the amount of power developed in an electrical circuit and 

conversely the electrical draw of a given load. 

 Increases in the voltage and amperage output of photovoltaic cells 

depend upon the way in which the cells are joined to each other in a PV 

module (one or more modules are assembled to form an array). In other to 

achieve higher voltage, the cells are linked in series. This means that a back 

contact of each cell is connected to the front contact of the other that follows 

it, as shown in Fig.2.7a. Two cells so connected would have a cumulative 

voltage of 1 volt; six would be rated as 3 volts and so on. This is the way in 

which cells are usually arranged in many commercial modules. The 

amperage or current output of such a module would nevertheless be the same 

as that of an individual cell. In other to boost amperage, the cells must be 

connected in parallel as shown in Fig.2.2b. Photovoltaic arrays commonly 

have modules wired both in series and in parallel. The proper combination of 

series and parallel connections in a PV array provides the necessary power 

output required to perform the work expected of it. 

 

 

  

 

 

 
Fig.2.7a: Series Connection of Solar Cells. 

 

  

 

  

- + - + + + - - 

- - - - 

+ + + + 
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Fig.2.7b: Parallel Connection of Solar Cells. 
 

2.2.3 BASIC PHOTOVOLTAIC SYSTEM OPTIONS 

Photovoltaic systems take many forms. Some involve storage of 

current not immediately needed; others do not, some are equipped with 

devices to regulate the flow of current; others have no such devices. Some 

use inverters to convert DC output into AC power; others are used only with 

equipment capable of operating on direct current. Some are linked with the 

utility grid and interact with it; others stand alone. The advantages and 

disadvantages of each system for any application must be carefully 

considered in other to determine which one will best suit the application. 
 

 DC Stand –Alone Systems 

The most basic scenario for the application of photovoltaic electricity to a 

load is a DC stand-alone (SA) system, a remote electrical system designed 

and dedicated for a single purpose, where the DC output of the PV array is 

delivered directly to the load with no storage and no control or regulation. 

This type of system will typically power a load that requires power only 

when sunlight is available. Most PV powered consumer products, such as 

calculators, use this approach. One of the most common applications of this 

system configuration is the pumping of water with a DC variable speed, 

variable voltage motor. No electrical storage is provided. Instead, the 

product (in this case, water) provides the storage. The pump operates when 

electricity is supplied from the array, bringing the water above ground where 

it is stored for later use.  

The next order of complexity in photovoltaic systems involves the use of 

storage medium for array output not immediately used by the load. The 

configuration is still simple. The PV arrays DC output goes directly to the 

load with excess stored in a battery or bank of batteries as shown in Fig.2.10. 
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In the most basic version of this scheme, no voltage regulator is used. This 

means that the PV module or array of modules must be carefully sized to 

provide a self-regulating flow of current to the batteries. 

 

 

 

 

Fig. 2.8a: DC Stand-Alone System without Storage. 

  

 

 

 

 

Fig.2.8b: DC Stand-Alone System with Storage. 

 

 

 

 

 

 

 

 

Fig 2.8c: DC Stand-Alone System with Storage and Regulator. 

 

 The next step in system sophistication is to install a voltage regulator 

between the array and the batteries to automatically control the flow of 

current to the batteries. In this way, the proper state of charge can be 

maintained, prolonging battery life. The voltage regulator is an indispensible 

component in every photovoltaic system that is to be left unattended. 

Array DC load 

DC load Array 

Battery 

Array Regulator DC load 

Battery 
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Examples include remote communication, relay stations and all other PV 

applications where daily monitoring of battery state of charge is not 

practical. Even with a regulator, a straight DC system of the type shown in 

Fig.2.8c will seldom be used in residential photovoltaic systems that have an 

array much larger than 500 peak watts. 
 

 Basic AC/DC Systems 

The next stage in complexity is the system that offers the AC option as 

well as DC electricity. This system, like the other one described, consists of 

the photovoltaic array, the voltage regulator, storage batteries and a DC to 

AC inverter as shown in Fig.2.9. The inverter is interposed between the 

array, regulator, batteries and the AC load. The DC load in this application is 

served by the direct supply of current from the array and batteries. 

With its ability to supply power to a wide variety of AC appliances, this 

system represents a substantially more versatile option than the DC only 

configurations. Other advanced options include the utility interactive system 

and the choice of application of this various options reviewed depend upon 

the nature of the application area. 

 

 

 

 

 

 

 

 

 

 

Fig.2.9: AC/DC Stand-Alone PV System. 
 

Array 

AC load 

Battery 

Inverter 

Regulator DC load 
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2.2.4 SOLAR RADIATION 

The sun radiates energy radially from an effective surface temperature 

of about 5760K, as electromagnetic radiation known as solar energy or 

Sunshine. The magnitude of the power output from a solar panel is 

dependent on the intensity of radiation of the sun on its surface. The earth is 

situated at about 150 million km from the sun with a total surface area of 

about 510 million km2 of which only about 21% is land [Getachew, 2009]. A 

substantial portion of the solar radiation on its way to reaching the earth’s 

surface, is attenuated due to atmospheric interventions. 

 Additionally, because of the sun-earth angle concept, the solar 

radiation received at the earth’s surface varies on hourly, daily or monthly 

basis. Hourly variation is due to the motion of the sun from east to west and 

also due to the presence of clouds whereas daily variation and monthly 

(seasonal) variation is due to the position of the sun [Getachew, 2009]. 

 Longitude and latitude give the location of a place on the earth’s 

surface. The sun comes overhead twice a year in the tropical belt. Nigeria is 

in the tropical belt which is probably the most favorable region for solar 

energy utilization. According to recent findings, disregarding the rainy 

season especially in July and August, the average daily duration of sunshine 

within the tropical region is approximately 8 to 10 hours [Bekele and Palm, 

2009]. It is well known that most developing countries do not have properly 

recorded radiation data. What is usually available is sunshine duration data. 

Solar radiation data is the best source of information for estimating the solar 

energy potential of a certain location, which is necessary for the proper 

design of a solar energy conversion system. However, given a knowledge of 

the number of sunshine hours and local atmospheric conditions, sunshine 

duration data can be used to estimate monthly average solar radiation, with 

the help of empirical equation 2.4 [Duffie and Beckman, 1991]. 
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aHH         (2.4) 

 

Where 

H = the monthly average daily radiation on a horizontal 

surface (MJ/m2). 

H0 = the monthly average daily extraterrestrial radiation on a    

horizontal surface (MJ/m2). 

n =  the monthly average daily number of hours of bright  

sunshine. 

N = the monthly average of the maximum possible daily 

hours of bright sunshine (i.e. the day length of the average of 

the month). 

a and b = regression coefficients. 

Solar radiation, known as extraterrestrial radiation, H0 on a horizontal plane 

outside the atmosphere is given by equation 2.5. 
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Where: 

nd = the day number 

Gsc = 1367W/m2, the solar constant 

θ = the latitude of the location  

δ = the declination angle given as: 
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ωs = the sunset hour angle given as 
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The maximum possible sunshine duration N is given as 
 

15

2 sN


          (2.8) 

   
 

Equations (2.4) and (2.5) are used to calculate the extraterrestrial radiation 

and the maximum possible daily hours of bright sunshine respectively at the 

specified locations. 

The regression coefficients a and b from M number of data points can be 

calculated from the following equations (2.9) and (2.10) [Nguyen and Pryor, 

1997]. 
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Results estimated in this way have been compared with data which 

can be obtained from sources such as NASA’S surface solar energy data set 

or the meter norm global meteorological data base for applied climatology to 

verify that the radiation data from NASA can be used to obtain reasonable 

results. This explains why the radiation data from NASA’s website was used 

for this research. The comparism can be made by using the root mean square 

error (RMSE) formula in equation 2.11. 
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Where: 

obtainedestimatedi HHE                                                               (2.12) 

i = 1, 2, - - - - - - - - - M 

M = the total number of observation points and 

H0b = the total arithmetic mean value of the obtained data. 

The subscript “obtained” refers to the data obtained from metenorm 

[Metenorm, Ver.5.1x] and the measured data obtained from NASA. The 

correlation of the radiation levels, r by which the depth of correlation of the 

two radiation levels is compared is given by equation 2.13 
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Where: 

He = the arithmetic mean value of the M estimated values of the solar 

radiation and 

Hob = the arithmetic mean value of the M obtained values of the solar 

radiation. 

The correlation of the radiation levels calculated based on the different 

models given by different authors have been compared and the discovery is 

that the NASA data is reliable. In general, findings on the solar energy 

potential of this part of the world are excellent [Bekele, 2009]. 

Therefore, for this research, solar radiation data obtained from the Global 

Meteorological database and the renewable energy resource web site, 
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sponsored by NASA’s science mission directorate, (Earth-sun System 

Division) is used for the simulation using HOMER. 
 

 

 

 

2.2.5 Charge Controllers 

Charge controllers are used in PV systems to protect the batteries from 

overcharge and excessive discharge. Most controllers function by sensing 

battery voltage and then taking action based on voltage levels. Other 

controllers have temperature compensation circuits to account for the effect 

of temperature on battery voltage and state-of-charge. 
 

2.2.6 Batteries 

The electrical energy is stored in the batteries in order to provide 

supply in intervals with minimum solar irradiance (during nights, cloudy 

days). The lead-acid deep cycle battery is the battery type considered in this 

research. This type of battery is different from a conventional car battery, as 

it is designed to be more tolerant of weather fluctuations and it has a deeper 

maximum depth of discharge [Chaniostakis, 2001]. Lead-acid deep cycle 

batteries last longer than other batteries but cost more than a conventional 

battery. A lead-acid battery is typically constructed of lead or lead-alloy 

plates immersed in a sulphuric acid or water solution called the electrolyte. 

These plates are either positively or negatively charged. Each cell of the 

battery consists of a group of positive and negative plates with a single 

positive and a single negative output terminal. The nominal voltage of a cell 

is 2 volts. A 12-volts battery therefore has 6 cells that are connected in 

series. The battery’s cost, operative life, and efficiency depend on the quality 

of its plate materials and construction (Stephen, 1998).  
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Lead acid batteries are constructed with several different types of plate 

and grid composition, depending on the application. The pure lead (lead-lead 

oxide) battery typically has a very long life (25 years or more), with high 

current rate discharge capability. Its positive plates contain about 2 percent 

antimony. Lead-acid batteries store and release electricity by a process 

known as electrochemical reaction. This reaction involves a series of 

chemical changes and the flow of electrons. This reaction takes place 

between plates of lead-alloy and the sulphuric acid or water electrolyte 

solution. The positive plates in a battery are composed of porous lead 

dioxide (PbO2) paste supported on a lead mesh grid, while the negative 

plates consist of sponge lead. The plates are separated within the battery case 

by panels made of micro-porous rubber or polyvinyl chloride (PVC) plastic, 

and are surrounded by the electrolyte solution. 

When an incoming charged current is applied to the battery, the 

reaction begins; the porous lead dioxide in the positive plates is transformed 

into lead peroxide, while the lead in the negative plates increases in 

sponginess. The negative cycle, in which the battery gives off current, 

constitutes a reversal of this process, with the spongy lead in the negative 

plates becoming lead sulfate. The electrolyte also changes during the charge 

and recharge process. The volume of water relative to sulphuric acid in the 

solution decreases as the battery is charged and increases during the 

discharge cycle. A typical bank of deep cycle lead acid batteries is shown in 

Fig.2.10.  
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Fig.2.10: A Bank of Deep-Cycle Lead Acid Batteries. 

 
 

2.2.7 Inverters 

Inverters are transistorized solid state devices that convert direct 

current DC to alternating current AC. Solid state inverters are preferred for 

their higher efficiency, ease of maintenance and reliability. Broadly 

speaking, these inverters may be divided into two categories: stand-alone 

(SA) and utility interactive (UI) or line-tied. The stand-alone inverter is 

capable of functioning independently as part of a home electrical generating 

system unconnected to the public utility grid. It is activated solely by the 

incoming DC power from the photovoltaic array (or batteries). The utility 

interactive inverter on the other hand, is compatible only with a PV power 

system that is tied to the utility grid. 

In both SA and UI photovoltaic systems, the inverter must do more 

than simply change DC into AC electricity. It must also condition the array 

output so that it can efficiently operate the various AC components of the 

load or electronic devices. Utility interactive inverters have the added task of 

integrating smoothly with the current, voltage and frequency characteristics 
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of the utility generated power present on the distribution line. In Nigeria, the 

polarity of the AC signal changes 220 to 240 times per second and its 

frequency is 50 Hz. 

An inverter is expected to provide a stable voltage output, steady AC 

frequency, and a waveform that departs as little as possible from the basic 

sinusoidal wave shape of the AC sign wave. Inverter conversion efficiency is 

also a very important consideration. The internal losses in a DC-to-AC 

inverter can consume between 5 and 40 percent (or more at low power 

levels) of the systems DC power output. In SA applications, sizing of the 

inverter is very critical. The unit must be large enough to handle motor-

starting surge inrush current and the resultant short duration peak loads if 

two pieces of equipment happen to start at the same time. However, care 

must be taken to avoid over sizing the unit because it will not deliver its peak 

efficiency when operated at only a portion of its rated capacity. 

 
 

 

2.3 REVIEW OF RELATED LITERATURE 

2.3.1 Optimized Model for a Community-Based Hybrid Energy 

System 

Hybrid energy systems are an excellent solution for electrification of 

remote rural areas where the grid extension is difficult and not economical.  

The model developed in the reviewed work incorporates a combination of 

one or several renewable energy sources such as solar photovoltaic, wind 

energy, micro-hydro and a conventional generator for backup. The work 

discussed different system components of hybrid energy systems and 

developed a general model to find an optimal combination of energy 

components for a typical rural community minimizing the life cycle cost. 

The developed model will help in sizing hybrid energy system 

hardware and in selecting the operating options.  Micro-hydro-wind systems 
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are found to be the optimal combination for the electrification of the rural 

villages in Western Ghats (Kerala) India, as revealed by the study. The 

optimal operation result obtained revealed that a unit cost of energy for the 

selected hybrid system isRs.6.5/kWh with 100% renewable energy 

contribution eliminating the need for a conventional diesel generator [Ashok, 

2006]. 
 

2.3.2A Feasibility Study for a Micro Hydro Installation for the 

Strangford Lough Wildfowlers and Conservation Association. 

Micro-hydro systems are ancient sources of renewable energy and in 

the light of the global campaign against global warming, they are currently a 

popular choice for installation in locations where sustainable water resources 

exist. 

This reviewed work is concerned with a feasibility study for a micro-

hydro scheme on a conservation site in Newtonwards, Northern Ireland. The 

conservation site has an existing 10m dam behind which is a 4 acre lake; 

water flows through an existing outflow pipe continuously throughout the 

year. A survey of the site was undertaken to determine the available head, 

flow rates and possible locations for the turbine. Discussions with Northern 

Ireland Electricity (NIE) established costs and the issues of integrating a 

distributed generator at the conservation site into the national electricity grid. 

The study confirmed that the concept of a hydro scheme using the existing 

dam is feasible and that a peak sustainable power output of 54kW could be 

achieved using a high efficiency vertical axis turbine [Tamburrini, 2004]. 

According to the work under review, a new intake needed to be constructed 

with a 500mm penstock to a pre-fabricated turbine house beneath the dam at 

a 15m head. A sustainable operational schedule was used for the purpose of 

the study (based on discussions with the conservation site owners) to enable 
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an analysis of the possible annual income for different tariff charges 

[Tamburrini, 2004]. 
 

2.3.3 Demand Analysis and Optimization of Renewable Energy: 

Sustainable Rural Electrification of Mbanayili, Ghana. 

 Nearly ninety percent of people in rural northern Ghana are without 

electricity. Many off-grid projects undertaken by the Ghanaian Government 

to provide electricity to this region have been largely unsuccessful due to the 

fiscal burdens that prevent the coverage of operational and maintenance 

costs. This study under review proposed a sustainable electrification system 

and implementation plan for Mbanayili, a village in northern Ghana. The 

term "sustainable" is used in reference to two factors: 
 

 The fiscal sustainability of the villagers to maintain and pay for 

electrification, accomplished by using a manageable and affordable 

power generation system and 

 Environmental sustainability, through the use of renewable energy. In 

order to minimize costs, partial electrification was proposed: 

electrifying a multifunctional community center as opposed to each 

individual residence. 
 

An on-site need assessment was conducted in the summer of 2006 and 

questionnaire responses from 133 villagers was used to determine 

preferences for electric appliances and related activities (e.g., education and 

entertainment) as well as villagers’ willingness-to-pay for electricity. After 

the data were analyzed, a power consumption load curve for the community 

center was derived. The National Renewable Energy Laboratory’s Hybrid 

Optimization Model for Electric Renewables (HOMER) software was then 

used to design the optimal power generation system. A hybrid energy 

system, consisting of both photovoltaic (PV) arrays and a generator, was 

determined as the optimal configuration (benchmark model) to meet the 
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villagers’ ideal load curve. The feasibility of supplementing a fraction of fuel 

usage with a locally produced bio-fuel (Jatropha) was also investigated. 

Using demand side management (DSM), an alternative system was designed 

to meet financial sustainability requirements. This system consists of only 

PV arrays. Lastly, a multi-stage implementation plan was proposed (using 

DSM and a revenue generation scheme) to expand electricity generation 

capacity over time [Bailey, Chotimongkol, 2007]. 

 

2.3.4 The Design and Construction of a Solar-Wind Hybrid System, 

For Electricity Generation  

Due to global warming and other dangerous emissions from fossil 

fuels, utilities are turning to low emission generating systems that also meet 

their load demand during peak periods. This has increased interest in 

renewable sources of generating electricity. But neither wind nor solar 

technology alone as alternative sources can satisfy this constant demand. It 

should be considerably more economical to integrate wind and solar 

technologies with an appropriate energy storage media in a single system, 

than to separately design and construct wind and solar plants. This project 

presents a system for generating a reliable electric power using wind and 

solar energy sources combined in a hybrid. To generate electricity through 

the wind and sun combined in a hybrid, a system that employs charge 

regulators and a battery bank is used [Ashok, 2006]. The regulator collects 

all the direct current charges from the solar panels and wind generator, 

regulates it and delivers it to the battery bank where it is stored. The battery 

bank feeds this DC to the inverter which converts it to AC voltage. DC loads 

could be connected directly from the battery bank while the Inverter feeds 

AC loads. This solar hybrid system would be a more economical means for 

achieving zero-emission, firm, dispatch able capacity than independent 

construction of wind and solar plant. 
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2.4  BIOMAS AS A SOURCE OF RENEWABLE ENERGY 

Biomass is matter usually thought of as garbage. Examples include 

dead wood, refuse and human waste etc. They are biological materials from 

living organisms. As an energy source, biomass can either be used directly, 

or converted into other energy products such as bio-fuel. In the first sense, 

biomass is plant matter used to generate electricity with steam turbines and 

gasifiers to produce heat, usually by direct combustion. Examples include 

forest residues (such as dead trees, branches and tree stumps), yard clippings, 

wood chips and even municipal solid waste. In the second sense, biomass 

includes plant or animal matter that can be converted into fibers or other 

industrial chemicals, including biofuels. Industrial biomass can be grown 

from numerous types of plants, including miscanthus, switchgrass, hemp, 

corn, poplar, willow, sorghum, sugarcane, bamboo, and a variety of tree 

species, ranging from eucalyptus to palm oil. 

Biomass is carbon, hydrogen and oxygen based. Biomass energy is 

derived from five distinct energy sources: garbage, wood, waste, landfill 

gases, and alcohol fuels. Wood energy is derived by using lignocellulosic 

biomass (second generation biofuels) as fuel. This is either using harvested 

wood directly as a fuel, or collecting from wood waste streams. The largest 

source of energy from wood is pulping liquor or “black liquor,” a waste 

product from processes of the pulp, paper and paperboard industry. Waste 

energy is the second-largest source of biomass energy. The main 

contributors of waste energy are municipal solid waste (MSW), 

manufacturing waste, and landfill gas. Sugars and oils (first generation 

biofuels), such as sugarcane and corn, are used to produce bioethanol, an 

alcohol fuel. Alcohol fuels can be used directly, like other fuels, or as an 

additive to gasoline. Biomass can be converted to other usable forms of 

energy like methane gas or transportation fuels like ethanol and biodiesel. 

Rotting garbage, and agricultural and human waste, all release methane gas 
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also called "landfill gas" or "biogas." Crops such as corn and sugar cane can 

be fermented to produce the transportation fuel, ethanol. Biodiesel, another 

transportation fuel, can be produced from left-over food products like 

vegetable oils and animal fats [Fergusen, 2006]. 

Municipal solid waste landfills are the second largest source of 

human-related methane emissions accounting for approximately 23 percent 

of these emissions [Cruazon, 2007]. At the same time, methane emissions 

from landfills represent a last opportunity to capture and use a significant 

energy resource. 
 

2.4.1 Anaerobic Digestion 

Anaerobic digestion is a series of processes in which micro-organisms 

break down biodegradable material in the absence of oxygen. It is used for 

industrial or domestic purposes to manage waste and/or to release energy. 

The digestion process begins with bacterial hydrolysis of the input 

materials to break down insoluble organic polymers, such as carbohydrates 

and make them available for other bacteria. Acidogenic bacteria then 

converts the sugars and amino acids into carbon dioxide, hydrogen, 

ammonia, and organic acids. Acetogenic bacteria then converts these 

resulting organic acids into acetic acid, along with additional ammonia, 

hydrogen, and carbon dioxide. Finally, methanogens convert these products 

to methane and carbon dioxide. The methanogenic archaea populations play 

an indispensable role in anaerobic wastewater treatments. It is used as part of 

the process to treat biodegradable waste and sewage sludge. As part of an 

integrated waste management system, anaerobic digestion reduces the 

emission of landfill gas into the atmosphere. Anaerobic digesters can also be 

fed with purpose-grown energy crops, such as maize.  

 Anaerobic digestion is widely used as a source of renewable energy. 

The process produces biogas, consisting of methane, carbon dioxide and 



32 
 

traces of other ‘contaminant’ gases. This biogas can be used directly as 

cooking fuel, in combined heat and power gas engines or upgraded to natural 

gas-quality biomethane. The use of biogas as  fuel helps to replace fossil 

fuels. The nutrient-rich digestate also produced can be used as fertilizer. 

Anaerobic digestion facilities have been recognized by the United Nations 

Development Programme as one of the most useful decentralized sources of 

energy supply, as they are less capital-intensive than large power plants. 

With increased focus on climate change mitigation, the re-use of waste as a 

resource and new technological approaches which have lowered capital 

costs, anaerobic digestion has in recent years received increased attention 

among governments in a number of countries, among these the United 

Kingdom (2011), Germany  and Denmark (2011) [Ferguson, 2006]. 
 

2.4.2 Background of Biogas Production 

Scientific interest in the manufacturing of gas produced by the natural 

decomposition of organic matter was first reported in the 17th century by 

Robert Boyle and Stephen Hale, who noted that flammable gas was released 

by disturbing the sediment of streams and lakes[Ferguson, 2006]. In 1808, 

Sir Humphrey Davy determined that methane was present in the gases 

produced by cattle manure [Cruazon, 2007]. The first anaerobic digester was 

built by a leper colony in Bombay, India, in 1859. In 1895, the technology 

was developed in Exeter, England, where a septic tank was used to generate 

gas for the sewer gas destructor lamp, a type of gas lighting. Also in 

England, in 1904, the first dual-purpose tank for both sedimentation and 

sludge treatment was installed in Hampton. In 1907, in Germany, a patent 

was issued for the Imhoff tank, an early form of digester.  

 Through scientific research, anaerobic digestion gained academic 

recognition in the 1930s. This research led to the discovery of anaerobic 

bacteria, the microorganisms that facilitate the process. Further research was 
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carried out to investigate the conditions under which methanogenic bacteria 

were able to grow and reproduce [Humanic, 2007]. This work was 

developed during World War II, during which in both Germany and France, 

there was an increase in the application of anaerobic digestion for the 

treatment of manure. 
 

 

2.4.3 Processes of Biogas production 

       There are four key biological and chemical stages of anaerobic 

digestion:  

1. Hydrolysis 

2. Acidogenesis 

3. Acetogenesis 

4. Methanogenesis 
 

In most cases, biomass is made up of large organic polymers. For the 

bacteria in anaerobic digesters to access the energy potential of the material, 

these chains must first be broken down into their smaller constituent parts. 

These constituent parts, or monomers, such as sugars, are readily available to 

other bacteria. The process of breaking these chains and dissolving the 

smaller molecules into solution is called hydrolysis. Therefore, hydrolysis of 

these high-molecular-weight polymeric components is the necessary first 

step in anaerobic digestion. Through hydrolysis the complex organic 

molecules are broken down into simple sugars, amino acids, and fatty acids. 

Acetate and hydrogen produced in the first stages can be used directly by 

methanogens. Other molecules, such as volatile fatty acids (VFAs) with a 

chain length greater than that of acetate must first be catabolised into 

compounds that can be directly be used by methanogens [Boone, Mah, 

2006].  

The biological process of acidogenesis results in further breakdown of the 

remaining components by acidogenic (fermentative) bacteria. Here, VFAs 
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are created, along with ammonia, carbon dioxide, and hydrogen sulfide, as 

well as other byproducts. The process of acidogenesis is similar to the way 

milk sours. The third stage of anaerobic digestion is acetogenesis. Here, 

simple molecules created through the acidogenesis phase are further digested 

by acetogens to produce largely acetic acid, as well as carbon dioxide and 

hydrogen.  

The terminal stage of anaerobic digestion is the biological process of 

methanogenesis. Here, methanogens use the intermediate products of the 

preceding stages and convert them into methane, carbon dioxide, and water. 

These components make up the majority of the biogas emitted from the 

system. Methanogenesis is sensitive to both high and low pH and occurs 

between pH 6.5 and pH 8[Martin, 2007]. The remaining, indigestible 

material the microbes cannot use and any dead bacterial remains constitute 

the digestate. 

A simplified generic chemical equation for the overall processes 

outlined above is represented in equation 2.14. 

C6H12O6 → 3CO2 + 3CH4                                                        (2.14) 

 

2.4.4 Biomass Power Generation 

 People living in countries with flush-toilets and running water 

produce a huge amount of wastewater daily. This is full of organic 

compounds that store usable energy in their chemical bonds. Several 

methods can be employed to harvest it—for example; engineers can extract 

methane through anaerobic (oxygen-free) digestion, or produce electricity 

using microbial fuel cells. 

Rural areas usually have large supplies of material—crop residues and 

animal wastes-theoretically suitable for conversion into a usable source of 

energy. The process that appears to hold the greatest immediate potential for 

utilization of these materials as sources of fuel is anaerobic fermentation. 
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This process, also called anaerobic digestion, converts complex organic 

matter to methane and other gases. It has advantages that recommend it for 

serious consideration: 

1. It is the simplest and most practical method known for treating human 

and animal wastes to minimize the public health hazard associated 

with their handling and disposal; and 

2. The residue left after removal of the gas is a valuable fertilizer that 

contains all the essential nutrients present in the raw materials. 

The fact that organic material, rotting under conditions where it is out of 

contact with air, will produce a flammable gas has been known for centuries, 

particularly in the phenomenon of marsh gas. The occasional dancing flames 

of this gas (ignited, perhaps, by stray sparks from a nearby fire), seen at 

night, have given rise to the legends of the "will-o'-the-wisp," or fool's fire. 

Although it is not certain when it was first recognized that manure, if 

allowed to decompose in a sealed pit, would also produce a flammable gas, 

we know that the gas from a "carefully designed" septic tank was used for 

street lighting in Exeter, England, in 1895 [McCabe, Eckenfelder, 1957]. 

The experience must have been successful enough to encourage others, for, 

in the 1920s, several devices were built and used in England, specifically for 

the purpose of generating this gas,' which is primarily methane, the simplest 

organic compound of carbon and hydrogen. The process has also been 

utilized where energy supplies have been reduced, as in France, Algeria, and 

Germany during and after World War II, when methane thus produced was 

used to run automobiles.  

 In countries hampered by low natural abundance or inadequate 

distribution of energy supplies, methane-generating equipment has often 

been adapted to meet rural needs. Family-size methane-generating units have 

been used in diverse climates and cultures. In India, concern over the loss of 

cow dung for fertilizer, because of its traditional use as fuel, sparked early 
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experiments to develop a system to provide fuel without destroying the dried 

dung. These experiments were initiated in 1939 at the Agricultural Research 

Institute in New Delhi. An account of that experience states: "The 

experiments resulted in the designing of a simple and easy-to-operate gas 

plant in which dung is fermented to yield a combustible gas which can be 

used as a fuel and the dung residue can be utilized as manure"[Idnani, 

Acharya, 1979]. The work in India continued and expanded with the 

encouragement of the Khadi and Village Industries Commission. In 1961 the 

Gobar Gas Research Station was started in Ajitmal, Etawah (Uttar Pradesh), 

and in 1971 it published a variety of designs for gas plants. In the years since 

experiments first began in India, many thousands of such plants have been 

built in that country—most of them in rural areas and serving from one to 

several families. 

 The interest in this anaerobic digestion process is not as easily chronicled 

for other developing countries as it is for India, with the exception, perhaps, 

of Taiwan. There, experiments with the generation of working fuel from pig 

manure began about 1955 and developed into a program supported by the 

government [Ju-tung, 1965]. To date, about 7,500 such devices have been 

built in Taiwan as permanent adjuncts to pig-raising operations on small and 

medium-size farms, although reports indicate that perhaps only half that 

number is actually in operation [Chung, 1973]. 

There are scattered reports of the use of methane generation from waste 

materials in other countries. Installations have been reported in Uganda 

[Jefferies, 1964], and Bangladesh [Chan, 1983]. 

Since 1971 some experiments have also been carried out on the islands of 

the South Pacific; a pilot project was installed on a small farm in Fiji and a 

successful demonstration project was operated at Port Moresby, Papua New 

Guinea. 
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Finally, in the United States and Western Europe, interest in the use of 

anaerobic digestion to provide fuel and safe "natural" fertilizer for small-

scale use has been growing steadily for a number of years and numerous 

pamphlets have appeared that give more-or-less detailed instructions for 

building digesters [Garg, 1986]. 

Thus, extraction of energy from wastes by anaerobic digestion is decades 

old, and the general technology is well-known. It has not, however, been 

confined to small-scale use. Large-scale municipal digesters are used in the 

treatment of municipal sewage sludge, with the evolved gases satisfying part 

of the energy needs of the municipal treatment plant. 

Common materials used for methane generation are often defined as 

"waste" materials, e.g., crop residues, animal wastes, and urban wastes 

including night soil. Some of these materials are already used in developing 

countries as fuels and/or fertilizers. Use of these materials for methane 

generation, as illustrated in Fig.2.11a and Fig.2.11b will allow additional 

value to be gained from them while the previous benefits are still retained. 
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Fig.2.11a: Use of Biomass as Energy Source[Garg,1986]. 

 

Fig.2.11b:  Process of Methane Generation[Garg,1986]. 

 

In the past several years, an increasing amount of research has focused 

on developing and improving on these methods, as harnessed sewage power 

could help water treatment plants produce enough power to meet all their 
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own consumption—and even serve as a fuel source in developing countries 

where supplies are currently unreliable. It is necessary to know how much 

usable energy raw sewage holds. This was the question posed by the authors 

of a study published in a journal of Environmental Science & Technology 

[Mukhopadhyay, 2004]. Their answer was that wastewater likely holds a lot 

more than was previously thought of by Elizabeth Heidrich, a PhD student at 

Newcastle University in England and lead author of the new study, studied 

microbial fuel cells devices that generate electrical current by capturing the 

electrons freed as bacteria break down organic matter in wastewater. As she 

was preparing her doctoral research project she decided to determine how 

much energy engineers could count on wastewater to provide.  Heidrich 

found only one study, published in 2004, which had tried answer to the 

question. The authors had tested a sample of raw municipal sewage collected 

from a Toronto treatment plant and, using calorimetry (the measurement of 

heat absorption and emission), calculated the internal chemical energy of the 

sample to be 6.3 kilojoules per liter. They also correlated the amount of 

energy found in the sample to its Chemical Oxygen Demand (COD), a 

commonly used indirect measurement of dissolved organic compounds. 

Based on this correlation, they estimated that, in all, the wastewater 

produced in 2004 by the world's 6.8 billion people contained a continuous 

supply of energy somewhere in the range of 70 to 140 Giga Watts. (One 

large nuclear plant produces around 1 Giga Watt). But the results of this 

study which Heidrich notes have been cited multiple times in the microbial 

fuel cell literature are problematic.  

Before a sample can be tested in a calorimeter it has to be dry, and in 

this case the authors had dried their sample by leaving it overnight in an 

oven heated to 103 degrees Celsius. And because the boiling points of 

several organic liquids including methanol, ethanol and formic acid found in 

sewage are lower than 103 degrees, it is expected that there would be losses. 
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These losses would mean the authors had not accounted for all the energy 

contained in the sample. So, in a similar study, the researchers collected their 

own samples one from a plant that treats domestic, household wastewater 

and another from a facility that treats "mixed" wastewater containing 

chemicals disposed of by industrial facilities. Instead of using an oven they 

freeze-dried the samples before testing them in a calorimeter. They found 

that the industrial sample held about 16.8 kilojoules per liter, whereas the 

domestic sample contained 7.6 20 percent more than the previous study had 

reported for its domestic sample. Perhaps more importantly, given that 

wastewater samples are highly variable, it was found that the commonly 

used COD measurement does not actually correlate to energy content, and 

thus is an unreliable metric. Had they relied on the same calculation methods 

employed in the previous study, they would have found only around half the 

energy contained in each of their samples. Thus, the older estimate likely is a 

"substantial underestimation." 

Heidrich's method has its own limitations: The freeze-drying step 

takes weeks, so it cannot be relied on as a routine testing method. And 

although the process preserves more organic matter than does oven drying, it 

still causes some energetic molecules to be lost. Regardless, Heidrich notes, 

the study's result has immediate real-world implications. Up until this 

research, domestic municipal wastewater was seen as something that cannot 

really generate energy, so it was considered not worth the effort. Now, that 

thought has changed. 

With an accelerating world shortage of power and rising costs of fuels, 

many places have started utilizing bio wastes. San Antonio generates electric 

power from human faeces while San Francisco is generating power from pet 

droppings and several large US farms utilize pig litter. Suffolk in the UK has 

a power plant generating 12.7 MW of energy and consumes 125,000 tonnes 

of poultry litter per year and encouraged by its success is now planning a 
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human waste plant in Northampton shire. The UN is also sponsoring a 

project for power from poultry wastes in Bangladesh [Sujata, 2010]. 

Power from human wastes will be especially valuable in urban areas 

but all farm wastes can be effectively used. The world’s 7 billion people 

produce about 14 million tonnes of faeces every day and 25% of this has the 

potential power to produce roughly 40,000 MW of energy. India with one 

seventh of the world population could therefore add some 6,000 MW to her 

slow growing power capacity. Furthermore as the technology is quite simple 

and cheap much of this potential can be made available very quickly. 

Rwanda has installed 20 human waste power generating plants of 500 

kW each at some of their big prisons where many thousands convicted of 

genocide are incarcerated. These now provides about half of their electricity 

requirements. For this initiative, Rwanda earned the Ashden Award for 

Sustainable Energy with a cash component of $50,000.If Rwanda can 

achieve this, it is very clear that it is necessary to intensify research in this 

area around the world. The biogas system includes the gas production 

process, the use of the gas produced, and the use of the sludge remaining 

after fermentation is complete. 

 

2.4.5 Biogas Production and Use 

The production of methane during the anaerobic digestion of 

biologically degradable organic matter depends on the amount and kind of 

material added to the system. The efficiency of production of methane 

depends, to some extent, on the continuous operation of the system. As much 

as 1000m3 of gas (containing 50-70 percent methane) can be produced from 

1000m3 of volatile solids added to the digester when the organic matter is 

highly biodegradable (e.g., night soil or poultry, pig, or beef-cattle faecal 

matter) for a period of 30 days [Sujata, 2010]. Combustion of about 30litres 
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(1 ft3) of gas will release an amount of energy equivalent to lighting a 25-

watt bulb for about 6 hours [Sujata, 2010]. 

In general, lower gas-production rates result when the wastes are less 

biodegradable. In developing countries, an important consideration will be 

the differences in the quantity and quality of waste material produced from 

various sources; for example, the quality and quantity of animal manure is 

influenced by the diet and general health of the animals. The use to which 

the gas is put depends upon removal of non-combustible components (such 

as carbon dioxide) and corrosive components (such as hydrogen sulphide). 

Among the many potential uses of digester gas are hot-water heating, 

building heating, room lighting, and home cooking. Gas from a digester can 

be used in gas-burning appliances if they are modified for its use. 

Conversion of internal-combustion engines to run on digester gas can be 

relatively simple; thus the gas could also be used for pumping water for 

irrigation. Past experiences have shown that where methane is generated in 

significant quantities in rural areas of developing countries, its use is 

primarily for lighting and cooking. 

The gas produced by digestion of organic waste is colourless, 

flammable, and generally contains approximately 60 per cent methane and 

40 per cent carbon dioxide, with small amounts of other gases such as 

hydrogen, nitrogen, and hydrogen sulphide. It has a calorific value of more 

than 500 Btu/ft3 (18,676kJ/m3). Methane itself is a non-toxic gas and 

possesses a slight but not unpleasant smell; however, if the conditions of 

digestion produce a significant quantity of hydrogen sulphide, the gas will 

have a distinctly unpleasant odour. 
 

2.4.6 Uses of Sludge 

The organic fraction of sludge from an anaerobic digester operating on 

plant and animal waste may contain up to 30-40 per cent of lignin and 

undigested cellulose and lipid materials, on a dry-weight basis, depending on 
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the type of raw material used. The remainder consists of substances 

originally present in the raw material but protected from bacterial 

decomposition by lignin and cut in, newly synthesized bacterial cellular 

substances, and relatively small amounts of volatile fatty acids. The amount 

of bacterial cell mass is small (less than 10-20 per cent of the substrate is 

converted to cells). Therefore, there is less risk of creating odour and insect-

breeding problems when anaerobically digested sludge are stored or spread 

on land than there is when untreated or partially treated organic waste 

materials are similarly handled or are indiscriminately disposed of or stored. 

One of the direct benefits of the anaerobic process mentioned earlier is 

that the nutrient elements in the plant residues and animal wastes used as raw 

materials are conserved for the production of subsequent crops. Among these 

nutrients is nitrogen, practically all of which is conserved. Since it is often 

present in the sludge in the form of ammonia, proper storage of sludge and 

application to the land is needed to minimize the loss of this volatile 

chemical. All other chemical elements (except carbon, oxygen, hydrogen, 

and some sulphur) contained in plant residues and animal wastes are 

conserved in anaerobically digested sludge. 

The end result of applying anaerobically digested sludge to soils has 

the same effect as that obtained from applying any other kind of organic 

matter. The humus materials formed improve physical properties of soil: for 

example, aeration, moisture-holding capacity, and water-infiltration capacity 

are improved and cation-exchange capacity is increased. Furthermore, the 

sludge serves as a source of energy and nutrients for the development of 

microbial populations that, directly and indirectly, improve the solubility, 

and thus the availability to higher plants, of essential chemical nutrients 

contained in soil minerals. 
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2.5 EVOLUTION OF HYDROPOWER SYSTEMS 

Humans have been harnessing water to perform work for thousands of 

years. The Greeks used water wheels for grinding grains into flour more than 

2000years ago. Besides grinding flour, the power of water was used to saw 

wood and power textile mills and manufacturing plants. For more than a 

century, the technology for using falling water to create hydroelectricity has 

existed. The evolution of the modern hydropower turbine began in the mid 

1700’s when a French hydraulic and military engineer, Bernard Forest de 

Belidor wrote Architecture Hydraulique. In this four volume work, he 

described using a vertical axis versus horizontal axis machine. 

During the 1700s and 1800s, water turbine development continued. In 

1880, a brush arc light dynamo driven by a water turbine was used to 

provide theatre and store front lighting in Grand Rapids, Michigan; and in 

1881, a brush dynamo connected to a turbine in a flour mill provided street 

lighting at Niagara falls, New York. These two projects used direct current 

technology. Alternating current is used today. That breakthrough came when 

the electric generator coupled to the turbine, which resulted in the worlds’ 

and the United States’, first hydroelectric plant located in Appleton, 

Wisconsin, in 1882. 
 

2.5.1 Hydroelectric Power Stations in Nigeria 

The major hydroelectric power stations in Nigeria are: 

 Jebba hydroelectric power station 

 Kainji dam 

 Shiroro hydroelectric power station  

 

The Jebba power station is a hydroelectric power plant with it’s dam 

across the River Niger in Nigeria. It has a power generating capacity of 

540MW enough to power over 364,000 homes. The hydroelectric power 
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plant was completed in 1984. The Jebba power station is located sixty four 

miles from the Kainji dam. 

The Construction of Kainji Dam began in 1964 and was completed in 

1968. The total cost was estimated at 209 million US dollars, with one 

quarter of this amount used to resettle people displaced by the construction 

of dam and its reservoir, Kainji Lake. 

The Shiroro power station is a hydroelectric power plant of the Kaduna 

River in Nigeria. It has a power generating capacity of 600MW enough to 

power over 404,000 homes. The Shiroro power station began operating in 

1990 [Fraenkel, Paish, 1991]. 

 
 

2.5.2 Hydropower System Operation 

Hydropower plants capture the kinetic energy of falling water to 

generate electricity. A turbine and a generator convert the energy from the 

water to mechanical and then electrical energy. The turbine converts the 

water pressure to mechanical energy, and the generator converts the 

mechanical energy from the turbine to electrical energy.  The turbines and 

generators are installed either in or adjacent to dams or with the use of 

pipelines called penstocks to carry the pressurized water below the dam or 

diversion structure to the power house. Turbines are of two kinds: impulse 

and reaction. In impulse turbines (e.g., Pelton), a jet of water impinges on the 

runner that is designed to reverse the direction of the jet and thereby extract 

momentum from the water. Reaction turbines (e.g., Francis and Kaplan), run 

full of water and in effect generate hydrodynamic “lift” forces to propel the 

runner blades. Hydropower projects are generally operated in a run-off river, 

peaking or storage mode. The power capacity of a hydroelectric power plant 

is primarily the function of two variables: 

 Flow rate expressed in cubic meters per sec (m3/s) 
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 The hydraulic head which is the elevation difference in water fall or 

water head in passing through the plant.  

Project designs are directly based on these two variables. 

Commercial hydropower projects are generally operated in a run-off river, 

peaking or storage mode. Many projects which combine the modes are 

discussed as follows: 

 

 Diversion of Hydropower 

Diversions channel a portion of the river through a canal or penstock 

but may require a partial dam. This provides less impact to the stream flow. 
 

 Run-off –River projects 

This refers to the low impact hydropower method that utilizes the flow 

of water within the natural range of the river requiring little or no 

impoundment. Run off river projects use the natural flow of the river and 

produce relatively little change in the stream channel and stream flow. Run 

off river plants can be designed using large flow rates with low heads or 

small flow rates with high heads.  
 

 Peak projects 

These projects are carried out when the energy is needed at peak periods, and 

water is pumped. 

 Storage projects 

A storage project extensively impounds and stores water during high flow 

periods to augment the water available during low flow periods allowing 

flow releases and power production to be more constant. 
 

 Pumped storage projects 

This project differs from conventional hydroelectric projects in that they 

normally pump water from a lower reservoir to an upper reservoir when 
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demand for electricity is low. Water is stored in an upper reservoir for 

release to generate power during periods of peak demand. During the day 

water is released to satisfy the high demand for electricity while at night 

when demand decreases the water is pumped back to the upper reservoir for 

use the next day. 
 

 Micro hydropower distributed generation projects  

This type of project is usually recommended for small or medium size 

community electrification. The output of such projects fall within the range 

of 5KW to 100KW. Micro hydropower plants can utilize low heads or high 

heads [Mehta, Rohit, 2008]. 
 

2.5.3 Classification Of Hydropower Schemes 

Hydro power systems are classified according to the amount of 

electrical energy that they can generate. The various types of hydro power 

schemes are shown in Table 2.1. 

 

Table 2.1: Types and Capacity of Hydro Power[Mehta, Rohit,2008]. 

Type Capacity 
Large hydro >100MW 
Medium hydro 10-100MW 
Small hydro 1-10MW 
Mini hydro 100kW-1MW 
Micro hydro 5-100kW 
Pico hydro <5kW 
 

Where, 1kilowatt=1000Watts, and 1Megawatt=1000, 000Watts 

 

As a result of the natural stream flow of the river flowing past the FUTO 

community, the possible power that can be harnessed will be in the micro 

hydro range. This will not be sufficient to supply the existing loads in the 

school therefore a sample load (the ICT center) is used for the simulation in 

this research.  
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2.5.4 Micro Hydropower System 

The basic principle of hydropower systems is that if water can be 

piped from a certain level to a lower level, then the resulting water pressure 

can be used to perform work. If the water pressure is allowed to move a 

mechanical component, then that movement involves the conversion of 

water energy into mechanical energy. Hydro turbines convert water pressure 

into mechanical shaft power, which can be used to drive an electrical 

generator, a grain mill or some other useful device. The system requires a 

sizeable flow of water and a proper change in elevation, called the effective 

head, which should be obtained without having to build elaborate and 

expensive structures. The main components of a “run-off river” micro hydro 

power scheme are shown in  Fig.2.12. 

The source of water is a stream or sometimes an irrigation canal. 

Small amounts of water can also be diverted from larger flows such as rivers. 

The most important considerations are that the source of water is reliable and 

not needed by someone else. For example, a micro hydropower station 

located in any rural area, the water intake for the village is located upstream 

of the power plant water intake. This arrangement has not caused any impact 

on drinking water supplies.  

Springs make excellent sources, as they can often be depended on 

even in dry weather and are usually clean. This means that the intake is less 

likely to become silted and requires less cleaning. Run off river schemes 

require no water storage; the water is instead diverted by the intake weir into 

small settling basin where the suspended sediment can settle. A grid to 

prevent the flow of large objects such as logs, which may damage the 

turbines, usually protects the intake. The diverted water is drawn via a 

channel into a fore bay tank. The channel is usually a concrete or steel pipe 

along the side of a valley to maintain its elevation.  
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The tank holds sufficient water to ensure that the penstock is always 

fully submerged to prevent suction of air to the turbine. It also acts as water 

reservoir during dry season. The water flows from the fore bay tank down a 

closed pipe called the penstock. The penstock is often made of high density 

materials and exposes the water to pressure; hence the water comes out of 

the nozzle at the end of the penstock as a high pressure jet. The power in the 

jet, called hydropower (a.k.a. hydraulic power), is transmitted to a turbine 

wheel, which changes it into mechanical power. The turbine wheel has 

blades or buckets, which cause it to rotate when they are struck by the water 

jet due to momentum transfer. Hydro-turbines convert water pressure into 

mechanical shaft power, which can be used to drive an electricity generator, 

a grain mill or some other useful device. The water returns back to the same 

stream via the tailrace in the powerhouse. The electricity generated is 

delivered to load centers through a distribution system or power lines 

connected to the households. Depending on the generation voltage level and 

distance of the load centers from the power house, distribution transformers 

can be used for stepping up (at the source) and stepping down (at the end 

user) the voltage [Selzir, 1998]. 
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Fig.2.12: Layout and Components of a Typical Micro Hydropower 

Installation [Selzir,1998]. 

 

The installed capacity and energy output is calculated using standard 

equations: 
 

      1000****  gHQP       2.15 
 

Where: 

P = power or installed capacity in kilowatts 

Q =discharge rate in cubic meter per second 

ρ = density of water in kg per cubic meter 

H = effective head in meters 

g = acceleration due to gravity and is 9.81 m/s2 

η = efficiency of hydro turbine generator in % 
 
 

And Annual Output Energy (kWh) = CFhrP **     2.16 
 

Where: 

P = power or installed capacity in kilowatts 

hr = Annual continuous generating duration (8760 hours in a year) 

CF = Plant Capacity Factor (typically 95% for run-of-the-river type 

systems). 

 
 

2.5.5 Turbine Types and Selection 

Turbines are divided into two based on the efficiency of the turbine 

and the power output to be obtained from the river. They are: 

 Reaction turbines 

 Impulse turbines 

A. Reaction Hydro Turbines 
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Reaction hydro turbines are the most commonly used turbines around 

the world. As their name suggests, they are not powered from a direct 

impulse, or push, rather a reactive force. Reaction turbines absorb the 

water’s energy as it passes through lowering the pressure in the process. To 

be effective, the turbines must be made to contain huge volumes of water 

pressure. They are more commonly seen in areas with low and medium head 

applications. Below are the universally known types of reaction turbines. 

The various types of this turbine include: 
 

i. Francis Turbine 

The Francis hydro turbine is the most used form of hydropower in the 

world and is primarily installed for electricity generation. It was developed 

by James Francis and it can reach between 83 and 1000 revolutions per 

minute (RPM) depending on its size which ranges from 10-750MW 
 

ii. Kaplan Turbine 

This evolution of the Francis turbine was developed by Viktor Kaplan in 

1913. It varies in one significant way though, with propeller like adjustable 

blades. While it can last for a number of years, this innovation leads to an 

expensive design, manufacture and installation. This like the Francis model 

is still widely used today and is best suited for water with a high flow rate. 

Its output is slightly smaller than the Francis at 5-120MW, with the turbine 

reaching speeds between 79 and 429 RPM. 
 

iii. Tyson Turbine 

The Tyson hydro turbine is installed right in the center of a flowing 

river or stream and for that reason, it does not need a casement. This is 

where the flowing water is most powerful, taking in more kinetic energy. 

The Tyson turbine can also be easily relocated. 
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iv. Gorlov Turbine 

The Gorlov hydro system is quite a recent development in the hydro 

world. It won the Thomas Edison patent award in 2001, and was invented by 

Professor Alexander Gorlov. The Gorlov is a spin- off of the Darrieus wind 

turbine and has the same features as the vertical axis wind system. 
 

B. Impulse Hydro Turbines 

Impulse turbines are used in high speed water areas, where a huge 

momentum will cause the blades to turn. The turbine is powered by a high 

velocity of water, as the jet hits the curved blades and changes flow 

direction. Many turbines use the technology of both reaction and impulse 

designs, but some like the pelton turbine, are exclusively impulse. Examples 

of this type of turbine include: 
 

i. Pelton Turbine 

The Pelton turbine was invented by Lester Pelton in the 1970’s. The 

pelton hydro turbine remains one of the most efficient hydro energy designs. 

This is because water leaves the product at a much slower speed, meaning 

most of the energy has been transferred. However, some variations are not as 

energy efficient, with water leaving at a greater speed. The pelton design can 

come in all shapes and sizes, with the largest stretching to 200MW and the 

smallest just a few centimeters in width. 
 

ii. Turgo Turbine 

The Turgo hydro turbine is fantastic at achieving energy efficiency 

and peaks at a really high percentage. This modification of the pelton turbine 

is much cheaper to make, making it extremely popular when low cost factors 

are of interest. The Turgo is designed for medium  water heads, while 

handling a greater flow with its higher speed. 
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 Fig.2.13a: Francis Turbine [Mehta,Rohit,2008].  

 

 

Fig2.13b: Pelton Turbine [Mehta,Rohit,2008].  

 

The different types of turbines mentioned above operate most 

effectively under certain pressures and flow rates. Many times, the turbine 

types are characterized by their effective head range. The list below shows 

generally accepted values of turbine types. 
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Table 2.2: Ranges of Turbine Types[Mehta,Rohit,2008]. 

 

The graph in Fig.2.14 includes flow information, which makes the turbine 

selection more refined. The vertical axis units are for head in meters, and the 

horizontal axis represents flow in cubic meter per second. 

 

Fig.2.14: Turbine Selection [Mehta,Rohit,2008]. 

 

The various sections in the graph shown in Fig.2.14 are explained as follows: 
 

 The area within the blue line represents a Kaplan turbine 

Turbine type Head range in feet Head range in meters 
Kaplan 1<H<40 6<H<125 
Francis 10<H<350 30<H<375 
Pelton 50<H<1300 150<H<5000 
Turgo 15<H<250 50<H<750 
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 The area within the red line represents a Francis turbine 

 The area within the green line represents a Pelton turbine 

 The area within the dark dashed line represents a Turgo turbine. 
 

 

2.5.6 ADVANTAGES OF HYDROELECTRIC POWER PLANTS 

 Hydroelectric power plants offer some inherent advantages over other 

types of power plants which make them attractive. A few of these 

advantages include: 

(1)  It is a renewable source of energy. The water which is the operating 

fluid is neither consumed nor is converted into something else. It 

simply flows to turn the turbine and flows back into the river. 

Therefore, the generating and operating cost is considerably lower. 

(2)  It does not pose the problem of air pollution as in the case of thermal 

plants and radiation hazards and waste disposal as in the case of 

nuclear plants. 

(3)  It is well suited for use as peak load plants as it responds more 

quickly to changing loads. 

(4)  The lifespan of hydro plants is very long (few centuries) compared 

with thermal plants (few decades). This is because; the hydro plants 

operate at atmospheric temperature whereas thermal plants operate at 

considerably high temperatures (500 – 800oC). 

(5)  There are no standby losses which are unavoidable for thermal and 

nuclear plants. 

(6)  The efficiency of a hydro plant does not fall rapidly with respect to 

time as the deterioration of hydro equipment is less compared to 

thermal plant equipment. 

(7)  Hydro power projects also provide additional benefits like recreation, 

fishery, irrigation and flood control. 
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(8)  The water storage of the hydro-plant can also be used for domestic 

water supply and to provide cooling water needed for steam or nuclear 

power plants. 

Some disadvantages associated with hydro-plants include:  

(1) They require huge capital and a long period of time for their 

completion compared with the period required for thermal plants. 

(2)  Power generation capacity is totally dependent on the quantity of 

water available which is a natural phenomenon. The dry season affects 

the hydro-power output capacity of the water body considerably. 

(3)  The sites of hydro power plants are usually away from the load 

centers. Therefore, transmission of power to the load centers requires 

large investment in transmission line and it causes loss of power 

during transmission. 
 

2.6 HYBRID RENEWABLE SYSTEMS IN REMOTE SITES 

Currently, the most economically attractive applications for hybrid 

energy systems are those situations in which the chosen site is not serviced 

by grid power. In such situations, a comparism of the hybrid installation 

costs versus dependence on a diesel generator or getting the grid extended 

must be made. This calls for the need for a careful comparism of the cost of 

achieving each alternative. Firstly, considering the diesel alternatives which 

are currently the most popular option in places where electricity must be 

produced on the site; a diesel engine is an expensive piece of equipment with 

a predictable life span. Its maintenance and replacement costs must be 

factored into any calculation of its long term expense, as much, the price of 

the fuel on which it runs. The life span of an 8 - Kilowatt, 1,800 - revolutions 

per minute (RPM) diesel generator operated at one half loads is 7,500 hours 

[Stephen William, 1993]. At full load, it is 5,000 hours. 
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Depending on the stand-alone power system, whether photovoltaic, or a 

conventional engine generator, is not the only solution available to people 

leaving in remote areas, rather, a mix of the various renewable energy 

options can also be considered. Sometimes, if the economic distance limit 

(the minimum distance for which grid extension will be more economical), is 

exceeded, a grid extension may be considered more economical. Therefore, 

to make a choice of which option to adopt for a given location, a feasibility 

study must be carried out. Usually, the effective way of carrying out the 

feasibility study is to optimize the operational strategies for all the system 

components using the principles of optimization techniques. The Hybrid 

Optimization Model for Energy Renewables (HOMER) software is currently 

the best tool globally for this optimization analysis and is the software used 

in this work. 
 

2.7 THE HOMER SOFTWARE 

The Hybrid Optimization Model for Energy Renewables (HOMER) 

software is a micro power optimization software that was developed by the 

National Renewable Energy Laboratories (NREL) in the U.S.A. One of the 

major applications of HOMER is the design of micro power systems for the 

efficient evaluation of various renewable energy power generation 

technologies. It compares a wide range of equipment with different 

constraints and sensitivities to optimize the system design. In the early 

phases of planning and decision making in rural electrification projects, 

HOMER can be of significant use for the designing of the systems due to its 

flexibility. Its analysis is based on the technical properties and the Life cycle 

cost (LCC) of the system. The LCC is comprised of the initial capital cost, 

cost of installation and operation costs over the system’s life span. 

The user can input varying data and compare different designs based 

on their technical and economic factors. HOMER also considers the effects 
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of uncertainty in its modeling. An example of such a configuration is shown 

in Fig.2.15. 

 

 
 

Fig.2.15: A Simple Modeling Configuration-HOMER. 
 

 

It allows modeling of grid-connected or off-grid systems, generating 

electricity and heat from various combinations of SPV Modules, Wind 

turbines, biomass based power generation, micro-turbines, fuel cells, 

batteries, hydrogen storage, and generators with various fuel options.  

Designing a micro power system with various design options and 

uncertainty issues in load demand, resource outputs and fuel prices makes it 

a challenge. HOMER was designed to overcome these challenges and also 

the complexity of the RES (Renewable Energy Source) being intermittent, 

seasonal, non-dispatchable and having uncertain availability. 

Simulation, Optimization and Sensitivity analysis are the three major 

actions run by HOMER. In the simulation process, different micropower 

system configurations for every hour of the year are generated with their 

technical feasibility and LCC. In the optimization process, HOMER selects 

one system configuration out of all configurations generated in the 
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simulation process that satisfies all technical constraints and has the lowest 

LCC. 

In the sensitivity analysis, multiple optimizations are performed on the 

selected configurations by HOMER with a range of uncertain input 

parameters that is assumed to affect the model inputs with time. For the 

different variables known to the system designer- that is, the mix of system 

components and their respective quantity and size - the optimization process 

allows to calculate the optimal value. There are, however, also unknown 

factors such as uncertainties or changes in the variables outside the 

designer’s control (for example, rises in the fuel price, variation in insolation 

value or the average water speed). The effects of these can be analyzed with 

the help of the sensitivity analysis.  

One of the results of HOMER’s simulation is the Economical Distance 

Limit (EDL) in kilometers, where creating a renewable stand-alone/mini-

grid system is cost-competitive with a grid extension. HOMER has 

advantages over the usual statistical models, since its high processing speed 

allows it to run and evaluate an hourly simulation of thousands of possible 

system configurations, whereas statistical models usually only compare the 

average monthly performance of the configurations. Simulations modeled by 

HOMER are thus more accurate [Nema, 2010]. A screen shot of a sample of 

HOMER’S optimization result is given in Fig. 2.17. 

 

 

 

Fig.2.16: Sample of Simulation Result. 
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Fig 2.17: Sample of Optimization Result. 

 

 

Fig.2.18: Sample of Sensitivity Result. 
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CHAPTER THREE 

METHODOLOGY 

 

3.1 RESEARCH MATERIALS AND METHODS 

For the investigation of a standalone hybrid energy system for off grid 

locations in Nigeria, FUTO is selected as a case study in view of the fact that 

FUTO has Otamiri River flowing through it and the sewage pits in the 

students’ hostels are considered as very good sources of biogas. Therefore, 

the feasibility of a mix of a micro-hydro, solar and biomass hybrid energy 

system is investigated in this research. Firstly, an electrical load assessment 

of FUTO is carried out. This is intended to serve as load demand estimation 

input to the HOMER software.  Then the data for the amount of energy 

resources available from the various renewable energy components are 

investigated. The acquired data for each energy resource is entered as input 

to the software. Data on the estimated costs of each energy resource are also 

used as input. This data on the cost is considered important as the overall 

optimization process is based on the Life Cycle Cost (LCC) of each energy 

resource. The various simulations are then executed. The results of the 

simulation are presented in Chapter 4. The hydro data for Otammiri River 

gathered from the Anambra Imo River Basin Development Authority were 

for the period between 1984 to 1988. In other to ascertain the validity of the 

data, several field experiments were carried out at Otammiri River using the 

River Basins’ newly acquired state of the art equipment (the Valeport’s 

model 106 current meter). The two data were compared using  Matlab 

software to ascertain the variation in the discharge value of the river in 

anticipation of a likely effect of climate change and time on the flow values 

of the river. This chapter presents the analysis of the data using HOMER for 

the feasibility investigation of a hybrid renewable energy system for the 
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Federal University of Technology Owerri, (FUTO) Imo State Nigeria. The 

overall detailed load survey for FUTO was carried out but on discovery that 

the load demand of the entire school is far above the capacity of the available 

hybrid energy resource, the load requirement was narrowed to the new 

ICT/EEE building as load center. This is in line with the initial conception of 

having this energy sources serve remote rural off-grid locations. The data 

required to serve as input to HOMER are as follows: 
 

1. Electrical Load Assessment  

2. Resource Input 

i. Solar resource input 

ii. Hydro resource input 

iii. Biomass resource input 

3.  Component Cost Assessment 

i. PV input 

ii. Hydro input 

iii. Biogas  Generator 

iv. Battery 

v. Converter 

vi. Sensitivity Input 

vii. Economic input 

viii. Constraints 

ix. System Control input. 

The mathematical modeling of the various components that make up the 

hybrid system is presented in the next section to enable a proper appreciation 

of the optimization analysis that will be carried out in this work. 
 

3.2 MATHEMATICAL MODELING OF THE HYBRID SYSTEM 

The following equations are used to model the various components 

that make up the hybrid system. These equations are used by HOMER for 



63 
 

the optimal calculation of the Total Net Present Cost (TNPC), the Cost Of 

Energy (COE) and to also determine the most economical choice of the type 

and rating of the renewable energy sources that should make up the hybrid 

system. 

The optimal unit sizing of a PV-Micro hydro hybrid combination is to 

minimize the total capital cost Cc given by equation 3.1. 
 

Cc =  3.1 
 

Where; 

Nh, Ns, Nband NB are the total no. of micro – hydro, solar PV, battery and 

biomass units respectively and Ch, Cs, Cb and CB are the corresponding 

capital costs for each unit. The electrical power generated by the micro-

hydro unit is given by: 
 

Ph = ŋhyd * ρwater * g * Hnet * Q,    3.2 
 

Where; 

ŋhyd =  the hydro efficiency as obtained from the manufacturer’s data, ρwater=  

the density of water, g the acceleration due to gravity 

Hnet =  the effective head 

Q  =   the flow rate. 

The hourly power output from the solar PV array is given by: 
 

Ppv = ŋpv* Npvs * Vpv * Ipv     3.3 
 

The power that can be generated from biomass is given by  
 

PB = mCθ            3.4 

 

Where; 
 

M = Mass of Biomass 

C = Specific heat capacity of Biomass  

θ = Change in Temperature 
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The state of charge of the battery can be calculated from the following 

equations: 
 

Battery discharging 

Pb (t) = Pb (t – 1) * (1 – δ) – (Ph (t) / ŋi – PL (t))   3.5 
 

Battery charging, 

Pb (t) = Pb (t – 1) * (1 – δ) + (Ph (t) – Pl (t) / ŋi) ŋb,    3.6 
 

Where; 

Pb(t – 1) = the battery energy at the beginning of the interval. 

Pb = the battery energy at the end of the interval. 

P1(t) = the load demand at the time t. 

Ph(t) = the total energy generated by PV and micro-hydro unit at time t. 

δ = the self-discharge factor. 

ŋi= inverter efficiency 

ŋb= battery charging efficiency. 

 With regard to recommended practice to ensure sufficient battery life 

span, batteries are cycled between minimum and maximum levels of rated 

capacity. Renewable sources like wind and geothermal are not modeled, as 

they are not viable in FUTO (Ihiagwa), the case study area. 

The total hybrid power generated at any time t, is therefore given by; 
 

P (t) =     3.7 

Where:  

 PS = PPV + Pb        3.8 

And; 

 PPV = Power from solar PV system  

 Pb=  Power from the battery. 
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3.2.1 OPTIMAL DISCHARGE STRATEGY 

 The purpose of the optimal discharge strategy of hybrid energy 

systems is to find the most economical schedule for different combinations 

of the renewable energy sources and battery back-up, satisfying load 

balance, resource availability and equipment constraints. The dispatch 

strategy is such that the battery charges if the renewable energy is in excess 

after meeting the demand and discharges, if load exceeds the renewable 

energy. In some applications, diesel generation is used as part of the system 

to respond to the emergency cases where renewable generations and stored 

energy are not sufficient to meet the load. The renewable energy constraints 

are such that they should be used as much as possible [Yang, 2008]. 

 The optimal operation strategy for a solar PV, micro-hydro and 

biomass combination is to minimize the Annual Operating Cost (Cot) 

computed based on the operating cost for the interval t in a day as shown in 

equation 3.9. 
 

Cot =   (3.9) 

 

Subject to the constraints as expressed in equations (3.2) to (3.7) 

Where: 

Coh(t) = operational cost of the micro-hydro component 

Cos(t) = operational cost of the solar PV component 

Cob(t) = operational cost of the battery unit 

Cobm(t) = operational cost of the biomass component 

for the hourly interval t (t = 1 to 24), respectively. Operational costs are 

calculated on the basis of component characteristics, size and efficiency. 

 The total annualized life cycle cost of the system incorporating 

components of both capital and operating cost is given by; 
 

Can = (Cc * CRF + Cot)       (3.10) 
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Where:  

Cc= capital cost 

CRF = Capital Recovery Factor  
 

The unit cost of electricity by hybrid energy system is given by: 
 

Coe = Can         (3.11) 

 Ei 
 

Where Ei is the load served in KWh/year and CRF the capital recovery factor 

for the system with expected discount rate. 

The optimization model developed in equation 3.9 can be solved by non-

linear constrained optimization techniques. The solution yields optimal 

combination with unit sizing of energy components minimizing the total life 

cycle cost. 

These optimization calculations are what HOMER does to verify the 

feasibility of any intended combination of renewable energy resources by 

simulating the system using all possible combinations and reporting the most 

feasible and economical as its output; displaying the cost of energy (Coe) of 

each of such possible combinations. 
 

3.3 Physical Modeling Operations Using HOMER 

This section provides details about the selection of the physical 

components that will be modeled by the HOMER software for the simulation 

process. The electricity load demand that the system has to serve, the 

selected energy components to generate electricity, the various energy 

resources associated with the selected components, and how this hybrid 

combination operates to serve the loads are the various inputs to the 

software. Fig.3.1 shows the types of load and the number and types of 

components selected for the system in this study. It also shows that this 

simulation is selected to run as a stand-alone system. The detailed report on 
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the electrical load survey carried out for FUTO is presented in the next 

section. However, it is not the entire load that is used in the modeling of the 

system as it was discovered that it is far above what the estimated source 

capacity of the hybrid system can supply. 

 

 

Fig.3.1: Types of Loads and the Number and Types of Components Selected. 

 
 

3.4 ELECTRICAL LOAD ASSESSMENT  

Load forecasting in FUTO requires taking the following criteria into 

proper consideration: 

 FUTO population growth rate; 

 Current load demand of FUTO; 

 FUTO load demand growth rate; 

 Data containing past FUTO load demand dating back 3 years. 
 

Following is a list of various buildings in the Federal University of 

Technology, Owerri and their corresponding load demand: 
 

 Senate Building 

 Centre for Agricultural Research 

 Department of Optometry Clinic 

 Department of Dental Technology Laboratory 
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 Afrihub Futo 

 FUTO Consult Ltd 

 FUTO Medical Center 

 Department of Dental Technology 

 Department of Optical Technology 

 Maritime Management Technology 

 School of Health Technology 

 School of Management Technology 

 Directorate of General Studies 

 School of Environmental Science & Technology 

 Department of Biochemistry Complex 

 Lecture Hall of Agriculture 

 School of Agriculture & Agricultural Technology 

 Department of Agricultural Economics 

 Information & Communication Tech. Centre 

 FUTO Microfinance Bank 

 School of Science 

 Pilot Library 

 Department of Laboratory Science Technology 

 FUTO Main Library 

 St. Thomas Aquinas Catholic Church 

 Postgraduate Annex 

 Biological Science Building 

 Lecture Hall for School of Science 

 School of Engineering & Engineering Technology 

 Registry Annex 

 Institute for Erosion Studies 

 Centre for Continuing Education 

 Lecture Auditorium 
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 Sunic Eatery  

 Potluck Eatery  

 Printing/Photocopying/Restaurant Area 

 Diamond Bank 

 FUTO Primary School 

 Automobile Workshop 

 FUTO Hostels 
 

Federal University of Technology, Owerri consists of 5 major hostels. 

These hostels account for a bulk of the total load demand of FUTO and their 

respective names and detailed load demand are as follows: 
 

 

3.4.1 FUTO HOSTEL C 

This is referred to as the female hostel, and this hostel consists of 120 

rooms. Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building is determined as 118.760kW.The detailed load 

survey is as shown in Table 3.1. 
 

 

3.4.2 FUTO HOSTEL B 

This is referred to as the male hostel, and this hostel consists of 107 

rooms. Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building is determined as 108.360kW. The detailed load 

survey is as shown in Table 3.2. 
 

3.4.3 FUTO HOSTEL A 

This is referred to as the male hostel, and this hostel consists of 110 

rooms. Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building is determined as 111.33kW.The detailed load 

survey is as shown in Table 3.3. 
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3.4.4 FUTO HOSTEL D 

This is referred to as the female hostel, and this hostel consists of 120 

rooms. Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building is determined as 116.76kW.The detailed load 

survey is as shown in Table 3.4. 
 

3.4.5 SCHOLARSHIP/ PRESIDENTIAL VILLA 

This hostel contains 15 rooms. Using a diversity factor of 0.6, and a 

power factor of 0.8, the power consumed by this building is determined as 

10.335kW.The summarized load survey is as shown in Table 3.5. 
 

 

3.4.6 FUTO HOSTEL E 

This is referred to as the female/male hostel, and this hostel consists of 132 

rooms. Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building which consists of 132 rooms is determined as 

179.775kW.The load survey is as shown in Table 3.6. 

Tables 3.1 to 3.6 show the summary load survey of the various FUTO 

hostels. 

NB: It must be noted that the totals indicated in the tables may not reflect the 

actual demands for the buildings because most of the buildings have 

identical sections and the actual demands were arrived at by multiplying the 

estimate for each section by the number of identical sections for each 

building. This summary is presented this way to give an idea of how the 

estimation was carried out. 
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Table 3.1:  Load Demand Survey for Hostel C. 

S/N 
Consumerdescripti

on 
QTY 

Load 
points 

Light 
& 

fan 

Socke
t 

outlet 

Total 
watts 

Watt
s/ 

volts 

Fuse 
rating 

Cable 
size 

1. Security lighting 8 60*8   480 2 5A 1.0 
2. Security lighting 8 60*8   480 2 5A 1.0 
3. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
4. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
5. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
6. Ceiling fitting lighting 8 60*8   480 2 5A 1.0 
 15A socket outlet 1   1500*1 1500 6.25 20A 4.0 

7. 13A socket outlet 2   500*2 1000 4.2 13A 2.5 

8. 
Spotlight fitting & 

fan 
4 
1 

60*4 
 

40*1 
 280 1.17 5A 1.0 

 Total of 7&8     1280 5.37   
 Total     7,020    

 

 

Table 3.2: Load Demand Survey for Hostel B. 

S/N Consumer description QTY 
Load 

points 
Light 
& fan 

Sock
et 

outlet 

Total 
watts 

Watts/ 
volts 

Fuse 
rating 

 
Cable 
size 

 
1. Security lighting 8 60*8   480 2 5A 1.0 
2. Security lighting 8 60*8   480 2 5A 1.0 
3. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
4. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
5. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
6. Ceiling fitting lighting 8 60*8   480 2 5A 1.0 
7. 13A socket outlet 2   500*2 1000 4.2 13A 2.5 

8. Spotlight fitting &Fan 42 60*4 40*2 
 
 

320 1.33 5A 1.0 

 Total     4560    
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Table 3.3: Load Demand Survey for Hostel A. 

S/N Consumer 
description 

QTY Load 
points 

Ligh
t& 
fan 

Socket 
outlet 

Total 
watts 

Watts/ 
volts 

Fuse 
rating 

Cablesize 

1. Security lighting 8 60*8   480 2 5A 1.0 

2. Security lighting 8 60*8   480 2 5A 1.0 

3. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 

4. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 

5. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 

6. Ceiling fitting lighting 8 60*8   480 2 5A 1.0 

7. 13A socket outlet 2   500*2 1000 4.2 13A 2.5 

8. Spotlight fitting &Fan 42 60*4 40*2  
 

320 1.33 5A 1.0 

 Total     4560    

 

 

Table 3.4: Load Demand Survey for Hostel D 
 

S/N 
 
 

Consumer 
description 

QTY Load 
points 

Light & 
fan 

Socket 
outlet 

Total 
watts 

Watts/ 
volts 

Fuse 
rating 

Cable 
size 

1. Security lighting 8 60*8   480 2 5A 1.0 
2. Security lighting 8 60*8   480 2 5A 1.0 
3. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
4. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
5. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
6. Ceiling fitting lighting 8 60*8   480 2 5A 1.0 
 15A socket outlet 1   1500*1 1500 6.25 20A 4.0 
7. 13A socket outlet 2   500*2 1000 4.2 13A 2.5 
8. Spotlight fitting & 

Fan 
4 
1 

60*4  
40*1 

 280 1.17 5A 1.0 

 Total     6500    
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Table 3.5: Load Demand Survey for Scholarship/ Presidential Villa. 

S/N 
 
 

Consumer Description Qty Load 
Points 

Light 
& Fan 

Socket 
Outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
Rating 

Cable Size 

1. Security lights 8 60*8   480 2 5A 1.0 
2. Ceiling fitting lighting 6 60*6   360 1.5 5A 1.0 
3. Ceiling fitting lighting 6 60*6   360 1.5 5A 1.0 
4. Modular light fitting & 

Fan 
4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

5. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

6. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

7. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

8. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

9. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

10. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

11. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

12. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

13. Modular light fitting & 
Fan 

4 
1 

60*4 
 

 
40*1 

 280 1.17 5A 1.0 

14. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
15. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
16. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
17. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
18. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
19. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
20. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
21. 15A socket outlet 1   1500*1 1500 6.25 20A 4.0 
22. Spotlight fitting & 

Fan 
4 
1 

60*4  
40*1 

 280 1.17 5A 1.0 

 
 

Spare     1000    

 Total     13780    
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Table3. 6:  Load Demand Survey for Hostel E 
 

S/N 
 
 

Consumer 
description 

QTY Load 
points 

Light 
& fan 

Socket 
outlet 

Total 
watts 

Watts/ 
volts 

Fuse 
rating 

Cable 
size 

1. Security lighting 8 60*8   480 2 5A 1.0 
2. Security lighting 8 60*8   480 2 5A 1.0 
3. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
4. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
5. Ceiling fitting lighting 10 60*10   600 2.5 5A 1.0 
6. Ceiling fitting lighting 8 60*8   480 2 5A 1.0 
7. Modular lighting & 

Fan 
4 
1 

60*4  
40*1 

 280 1.17 5A 1.0 

8. 13A socket outlet 2   500*2 1000 4.2 13A 2.5 
9. 13A socket outlet 1   500*1 500 2.08 13A 2.5 
 15A socket outlet 1   1500*1 1500 6.25 20A 4.0 
 Total     5000    

 
 

3.4.7 VARIOUS LECTURE HALLS 

 HALL OF MERCY 

Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building is determined as 13.035kW.The detailed load 

survey is as shown in Table 3.10. 
 

 750 CAPACITY BUILDING 

The detailed load survey for the 750 capacity building is as shown in Table 

3.11.The load in this building is estimated at 5.62KW. 
 

 MECHANICAL LECTURE HALL 

Using a diversity factor of 0.6 and a power factor of 0.8, the power 

consumed in this building is determined as 7.005kW.The detailed load 

survey is as shown in Table 3.8. 

 

 500 CAPACITY BUILDING 

Using a diversity factor of 0.6, and a power factor of 0.8, the power 

consumed by this building is determined as 5.38kW.The detailed load 

survey is as shown in Table 3.12. 
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 CIVIL LECTURE HALL 

Using a diversity factor of 0.6 and a power factor of 0.8, the power 

consumed in this building is determined as 7.005KW.  
 
 

 POSTGRADUATE SCHOOL LECTURE HALL 

Using a diversity factor of 0.6 and a power factor of 0.8, the power 

consumed in this building is determined as 7.005KW.The detailed load 

survey is as shown in Table 3.9. 

Tables 3.7 – 3.12 Show the detailed load survey of the various lecture halls 

in FUTO. 
 

Table 3.7: Load Survey of Civil Lecture Hall. 

S/N Consumer 
Description 

QTY Load 
Points 

Light & 
Fan 

Socket 
Outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
Rating 

Cable Size 

1. External security 
lighting 

9 60*9   540 2.25 5A 1.0 

2. Spotlight fitting & 
Fan 

6 
8 

60*6  
40*8 

 680 2.83 5A 1.0 

3. Ceiling fitting light 8 60*8   480 2.00 5A 1.0 
4. Modular light fitting & 

Fan 
4 
2 

60*4  
40*2 

 320 1.33 5A 1.0 

5. Modular light fitting & 
Fan 

4 
2 

60*4  
40*2 

 320 1.33 5A 1.0 

6. 13A socket outlet 3   500*3 1500 6.25 13A 1.5 
7. 13A socket outlet 3   500*3 1500 6.25 13A 1.5 
8. 13A socket outlet 4   500*4 2000 8.33 13A 1.5 
9. 13A socket outlet 4   400*4 1600 7.27 13A 1.5 

 Total     8620    
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Table 3.8: Load Survey of Mechanical Lecture Hall. 

S/N 
 
 

Consumer Description QTY Load 
Points 

Light & 
Fan 

Socket 
Outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
Rating 

Cable 
Size 

1. External security lighting 9 60*9   540 2.25 5A 1.0 
2. Spotlight fitting & 

Fan 
6 
8 

60*6  
40*8 

 680 2.83 5A 1.0 

3. Ceiling fitting light 8 60*8   480 2.00 5A 1.0 
4. Modular light fitting & 

Fan 
4 
2 

60*4  
40*2 

 320 1.33 5A 1.0 

5. Modular light fitting & 
Fan 

4 
2 

60*4  
40*2 

 320 1.33 5A 1.0 

6. 13A socket outlet 3   500*3 1500 6.25 13A 1.5 
7. 13A socket outlet 3   500*3 1500 6.25 13A 1.5 
8. 13A socket outlet 4   500*4 2000 8.33 13A 1.5 
9. 13A socket outlet 4   500*4 2000 8.33 13A 1.5 
 Total     8620    

 

 

Table 3.9: Load Survey of Postgraduate School Lecture Hall. 

S/
N 

Consumer 
Description 

QTY Load 
Points 

Light & 
Fan 

Socket 
Outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
rating 

Cable 
Size 

1. External security 
lighting 

9 60*9   540 2.25 5A 1.0 

2. Spotlight fitting & 
Fan 

6 
8 

60*6  
40*8 

 680 2.83 5A 1.0 

3. Ceiling fitting light 8 60*8   480 2.00 5A 1.0 
4. Modular light fitting & 

Fan 
4 
2 

60*4  
40*2 

 320 1.33 5A 1.0 

5. Modular light fitting & 
Fan 

4 
2 

60*4  
40*2 

 320 1.33 5A 1.0 

6. 13A socket outlet 3   500*3 1500 6.25 13A 1.5 
7. 13A socket outlet 3   500*3 1500 6.25 13A 1.5 
8. 13A socket outlet 4   500*4 2000 8.33 13A 1.5 
9. 13A socket outlet 4   500*4 2000 8.33 13A 1.5 
 Total     9340    
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Table 3.10: Load Survey of Hall Of Mercy. 

S/N Consumer description QTY Load 
points 

Light 
& fan 

Socket 
outlet 

Total 
watts 

Watts/ 
volts 

Fuse 
rating 

Cable 
size 

1. Security light 8 60*8   480 2 5A 1.0 
2. Security light  8 60*8   480 2 5A 1.0 
3. Ceiling fitting light 6 60*6   360 1.5 5A 1.0 
4. Ceiling fitting light 6 60*6   360 1.5 5A 1.0 
5. Modular light fitting &Fan 6 

6 
60*6 40*6  600 2.5 5A 1.0 

6. Modular light fitting &Fan 6 
6 

60*6 40*6  600 2.5 5A 1.0 

7. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
8. 13A socket outlet 1   500*1 500 2.08 13A 1.5 
9. 15A socket outlet 2   1500*2 3000 12.5 20A 4.0 
10. 15A socket outlet 2   1500*2 3000 12.5 20A 4.0 
11. 15A socket outlet 2   1500*2 3000 12.5 20A 4.0 
12. 15A socket outlet 2   1500*2 3000 12.5 20A 4.0 
13. Spare     1000   

 
 

 Total     17380    

 

 

Table 3.11: Load Survey of 750 Capacity Building. 

S/N Consumer 
Description 

QTY Load 
Points 

Light & 
Fan 

Socket 
outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
rating 

Cable 
Size 

1. Security light      8 60*8   480 2 5A 1.0 
2. Security light  8 60*8   480 2 5A 1.0 
3. Security light 4 60*4   240 1 5A 1.0 
4. Ceiling fitting light 6 60*6   360 1.5 5A 1.0 
5. Ceiling fitting light 6 60*6   360 1.5 5A 1.0 
6. Modular light fitting 

& 
Fan 

6 
6 

60*6  
40*6 

 600 2.5 5A 1.0 

7. Modular light fitting 
& 
Fan 

6 
6 

60*6  
40*6 

 600 2.5 5A 1.0 

8. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
9. 13A socket outlet 1   500*1 500 2.08 13A 1.5 
10. Spare     1000  

 
  

 Total     5620  
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Table 3.12: Load Survey of 500 Capacity Building. 

 

 

3.4.8 VARIOUS WORKSHOPS 
 

ENGINEERING WORKSHOP 2 

Engineering workshop 2 is regarded as an industrial load, and it’s 

categorized as a small workshop consisting of a lot of 3-phase/single phase 

machines. Taking it as a point load, the average power demand for 

engineering workshop 3 is estimated at 33.5kW. 
 

ENGINEERING WORKSHOP 3 

The Engineering Workshop 3 is used as part lecture hall and part practical 

workshop, consisting of the power lab and a host of other labs. Putting into 

consideration that new reinforcements will be made to put security lights and 

ceiling light fittings, it will be considerate to group Engineering Workshop 3 

as a point load, and a micro workshop. As a result of these considerations, 

10kW is estimated as load demand for workshop 3. 
 

S/N Consumer 
Description 

QTY Load 
Points 

Light & 
Fan 

Socket 
Outlet 

Total 
watts 

Watts/ 
Volts 

Fuse 
rating 

Cable 
Size 

1. Security light 8 60*8   480 2 5A 1.0 
2. Security light  8 60*8   480 2 5A 1.0 
3. Ceiling fitting 

light 
6 60*6   360 1.5 5A 1.0 

4. Ceiling fitting 
light 

6 60*6   360 1.5 5A 1.0 

5. Modular light 
fitting & 
Fan 

6 
6 

60*6  
40*6 

 600 2.5 5A 1.0 

6. Modular light 
fitting & 
Fan 

6 
6 

60*6  
40*6 

 600 2.5 5A 1.0 

7. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 
8. 13A socket outlet 1   500*1 500 2.08 13A 1.5 
9. Spare     1000   

 
 

 Total     5020   
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FOUNDRY WORKSHOP 

The Foundry workshop is actually categorized as an industrial load, 

subsequently regarded as a small scale industry. 7.5kW is the estimated 

average load demand for the FUTO foundry workshop. 
 

 

3.4.9 POLYMER & TEXTILE ENGINEERING BUILDING 

Using a diversity factor of 0.6 and a power factor of 0.8, the load consumed 

by this building is estimated at 4.714KW. 
 

Table 3.13: Load Survey of Polymer and Textile Engineering Building. 

S/N Consumer 
Description 

QTY Load 
Points 

Light 
& 

Fan 

Socket 
Outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
rating 

Cable 
Size 

(mm2) 
1. Security 

lighting 
16 60*16   960 4 5A 1.0 

2. Pumping 
machine 

1    746 3.11 20A 2.5 

3. Modular 
light & 
Fan 

7 
4 

60*7  
40*4 

 580 2.42 5A 1.0 

4. 13A 
Socket 
outlet  

3   500*3 1500 6.25 13A 1.5 

5. 13A 
Socket 
outlet 

3   500*3 1500 6.25 13A 1.5 

6. Spare     1000   
 

 

7. Total     7286   
 

 

 
 

 

3.4.9.1  JUNIOR STAFF QUARTERS 

Using a diversity factor of 0.6, the power consumed in the junior staff 

quarters made up of 14 bungalows is determined as 113.68kW. 
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Table 3.14: Load Survey of Junior Staff Quarters. 

 

3.5 LOAD SURVEY RESULSTS DISCUSSION 

In this study, the forecast model has been proven to be relatively 

accurate as shown in Fig.3.5, where the estimated load is plotted 

concurrently with the actual load. The results of the model identify the basis 

on which electricity energy planning can be carried out. It also emphasizes 

the need for evolving effective strategies to meet the very fast increase in 

load demand. Table 3.15 is a tabulated format of the various buildings in 

FUTO and their respective load demand and Fig.3.2 is a bar chart showing 

the areas that consume the most power. 

 

 

 

S/N Consumer 
Description 

QTY Load 
Points 

Light & 
Fan 

Socket 
Outlet 

Total 
Watts 

Watts/ 
Volts 

Fuse 
rating 

Cable 
Size 

1. Security lighting 8 60*8   480 2 5A 1.0 
2. Security lighting 8 60*8   480 2 5A 1.0 
3. Modular light fitting & 

Fan 
5 
2 

60*5  
40*2 

 380 1.58 5A 1.0 

4. Spot light fitting & 
Fan 

5 
2 

60*5  
40*2 

 380 1.58 5A 1.0 

5. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 

6. 13A socket outlet 2   500*2 1000 4.2 13A 1.5 

7. 15A socket outlet 1   1500*1 1500 6.2 20A 2.5 
8. 15A socket outlet( AC) 1   1500*1 1500 6.2 20A 4.0 

9. Cooker unit 1   1500*1 1500 6.2 
 

20A 4.0 

10. 15A socket outlet 1   1500*1 1500 6.2 20A 4.0 

11. Spare     1000   
 

 

12. Pumping machine 1    1492    

 Total      12212     
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Table 3.15: The Load Demand Table/ Bar Chart. 

BUILDING 

SYMBOL 

NAME OF BUILDING POWER DEMAND 

(kW) 

A.  Engineering Workshop 2  33.5 

B.  Foundry workshop  7.5 

C.  Engineering Workshop 3 5.5 

D.  AUTOMOBILE WORKSHOP 7.5 

E.  Polymer & Textile Engineering building 4.714 

F.  Junior staff quarters 113.68 

G.  Petroleum Engineering building 73.31 

H.  Chemical Engineering building 25.860 

I.  Mechanical Engineering building 27.06 

J.  Civil engineering lecture hall 7.005 

K.  Lecture hall 7.005 

L.  Post graduate lecture hall 7.005 

M.  Hall of mercy 13.035 

N.  750 capacity building 4.215 

O.  500 capacity building 4.035 

P.  FUTO HOSTEL A 111.33 

Q.  FUTO HOSTEL B 108.36 

R.  FUTO HOSTEL C 118.76 

S.  FUTO HOSTEL D 118.76 

T.  FUTO HOSTEL E 179.78 

U.  SCHOLARSHIP/ PRESIDENTIAL VILLA 10.33 

V.  SENATE BUILDING 70.1 

BUILDING 

SYMBOL 

NAME OF BUILDING POWER DEMAND 

(kW) 

W.  CENTRE FOR AGRICULTURAL RESEARCH 10.45 

X.  DEPARTMENT OF OPTOMETRY CLINIC 4.56 

Y.  DEPARTMENT OF DENTAL TECHNOLOGY LABORATORY 4.3 

Z.  AFRIHUB FUTO 44.1 

AA.  FUTO CONSULT LTD 19.4 

BB.  FUTO MEDICAL 12.56 

CC.  MARITIME MANAGEMENT TECHNOLOGY 20.23 

DD.  SCHOOL OF HEALTH TECHNOLOGY 13.7 
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EE.  SCHOOL OF MANAGEMENT TECHNOLOGY 12.3 

FF.  DIRECTORATE OF GENERAL STUDIES 7.63 

GG.  SCHOOL OF ENVIRONMENTAL SCIENCE & TECHNOLOGY 43.2 

HH.  DEPARTMENT OF BIOCHEMISTRY COMPLEX 15.4 

II.  LECTURE HALL OF AGRICULTURE 10.7 

JJ.  SCHOOL OF AGRICULTURE & AGRICULTURAL TECHNOLOGY 23.4 

KK.  DEPARTMENT OF AGRICULTURAL ECONOMICS 15.7 

LL.  INFORMATION & COMMUNICATION TECH. CENTRE 23.15 

MM.  FUTO MICROFINANCE BANK 7.5 

NN.  SCHOOL OF SCIENCE 103.3 

OO.  PILOT LIBRARY 7.7 

PP.  DEPARTMENT OF LABORATORY SCIENCE TECHNOLOGY 4.5 

QQ.  FUTO MAIN LIBRARY 16.43 

RR.  ST. THOMAS AQUINAS CATHOLIC CHURCH 4.5 

SS.  POSTGRADUATE ANNEX 5.42 

TT.  BIOLOGICAL SCIENCE BUILDING 6.7 

UU.  LECTURE HALL FOR SCHOOL OF SCIENCE 5.5 

VV.  SCHOOL OF ENGINEERING & ENGINEERING TECHNOLOGY 135.5 

WW.  REGISTRY ANNEX 11.07 

XX.  INSTITUTE FOR EROSION STUDIES 7.5 

YY.  CENTRE FOR CONTINUING EDUCATION 12.7 

ZZ.  LECTURE AUDITORIUM 3.015 

AAA.  SUNIK EATERY 13.43 

BUILDING 

SYMBOL 

NAME OF BUILDING POWER DEMAND 

(kW) 

BBB.  POTLUCK EATERY 7.67 

CCC.  PRINTING/PHOTOCOPYING/BUUKA AREAS 33.7 

DDD.  DIAMOND BANK 15.6 

EEE.  FUTO PRIMARY SCHOOL COMPLEX 30.4 

 TOTAL 1771.235 
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Fig.3.2: Chart Representing the Various Buildings in FUTO and Their 

Respective Load Demands. 

A tabular representation of the load demand for 4 years for the Federal 

University of Technology, Owerri is represented in table 3.16. These values 

are as estimated from the load curve of Fig.3.5. 
 

 

 

 

Table 3.16: FUTO Load Demand Summary. 
 

Load 

(y) 
798.80 1073.40 1447.97 1671.24 

Years 

(x) 
2009 2010 2011 2012 
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Fig.3.3: A Plot of FUTO Load Demands. 
 
 

 The graph of fig.3.3 explains the load demand for 4 years from 2009 to 

2012, taking the rate of usage and population into consideration. 
 

 

3.6 ASSESSMENT OF THE ACCURACY OF THE FORECAST 

MODEL: 

The forecast model equation for the curve fitted graph of Fig.3.4 and all the 

parameters as measured are as shown in equation 3.12. 
 

Y= P1 x
2 + P2 x+ P3         3.12 

(The curve above has R2= 0.9997, adjusted R2= 0.9991, RMSE= 11.52) 
 

Where; 

 P1= 12.87          

3.13 

 P2 = - 5.145e+ 0.04      

 3.14 
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 P3= 5.143e + 0.07      

 3.15 

The accuracy of the above model is graphically shown in Fig.3.5, where 

the actual load demand is plotted alongside the forecasted load demand. 

 

Fig.3.4: A Comparison of the Actual Load and the Forecast Load. 

The constraints associated with the model generated from this curve in 

Fig.3.4, are as a result of the following reasons: 

 continuous change in the population of Federal University Of 

Technology, Owerri, which adversely affects the above curve, 

 climate change; 

 rate of infrastructural development 

Fig. 3.4 shows that in the year 2017, the load demand would in the 

least double and the current load demand of the Federal University of 

Technology, Owerri stands at about 2000KW. This basically suggests for: 

 creating avenues for power generation,  

 managing a proper load schedule; 
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 Specifications on the number of student intake. 

Conclusively, in this study, a forecast model has been verified that 

explains the demand of electrical energy till the year 2017 in the university 

campus. The model has been validated to ensure consistency. Error of the 

forecast model has also been checked and found to be in the range of 

+0.08% according to Fig 3.4. The model has been employed for forecasting 

the future energy requirement until 2017. The policy implications of the 

forecast results have been critically analyzed.  

The ICT building has its peak demand period during office hours. This 

will be determined during hourly calculation of loads. The basic energy 

requirements in this building can be classified as a primary load. The 

primary load include radio, fluorescent lamps, bulbs, ceiling fans, table fans, 

air- conditioners, refrigerators etc.   

For the pre-HOMER study, the building’s energy demand requirement 

is carefully calculated in this dissertation and load analysis carried out on the 

building. All the energy requirements in the selected area vary from hour to 

hour. Hence, in this study the total load was listed out and divided on hourly 

bases. Table 3.17 and Table 3.18 contain load analysis of the new ICT 

building. 
 

Table 3.17: Ground Floor 
 

 

 

 

 

 

 

 

 

Load Description Number Load(W) 

Lighting points 159 10700 

Fans 34 1700 

13A Sockets 52 26000 

15A Sockets 21 21000 



87 
 

 

Table 3.18: First Floor 

Load Description Number Load(W) 

Lighting points 145 9300 

Fans 34 1700 

13A Sockets 52 26000 

15A Sockets 21 21000 

 

The hourly load demand is carefully entered as input into the HOMER 

software as shown in Fig.3.5. 

 

Fig.3.5: Primary Load Input. 
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3.7 THE HYBRID ENERGY RESOURCE ASSESSMENT 

In the system designed by HOMER, resources are anything that can be 

used to generate electricity. RES available at a location can differ 

considerably from site to site and this is a vital aspect in developing the 

hybrid system. As Renewable Energy Resources (RES) like solar and hydro 

are naturally available, they are the best option to be combined into a hybrid 

system. All of these resources depend on different factors apart from 

seasonal or even hourly changes. Whereas the amount of solar energy 

available is dependent on climate and latitude, the hydro resource depends 

on the location’s topography and its rainfall patterns. The dependence of 

various factors in turn influences when and how much power can be 

generated and thus the behavior and economics of the hybrid system. As a 

consequence, successful system modeling significantly depends on the 

accurate modeling of the RES. This section describes the modeling of the 

selected RES and Biogas fuel by HOMER. 

 

3.7.1 Solar Energy Resource Assessment 

The solar resource used at a location of 5°26' N latitude and 7°2' E 

longitude was taken from NASA Surface Meteorology and Solar Energy. 

The figure shows the solar resource profile considered over a span of one 

year.  
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Fig.3.6: Solar Energy Resource Data Inputs. (Source: - NASA website). 
 

 

The annual average solar radiation for FUTO is found to be 

4.466KWh/m2/day as shown in Fig.3.6 and the average clearness index is 

found to be 0.448.The plot in the Fig.3.6 shows that solar radiation is 

available throughout the year; therefore a considerable amount of PV power 

output can be obtained. 
 

3.7.2 Hydro Power Resource Assessment 

The Hydro power source of interest is the Otamiri River. 

The Otamiri River is one of the main rivers in Imo state, Nigeria. It has its 

source at Egbu community in Owerri North Local Government Area of Imo 

state and passes through Owerri town and other sub-urban and rural 
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communities of Nekede, Ihiagwa, Obinze, Mgbirichi, Eziobodo etc. The 

river flows from the Obinze station and passes through FUTO community. 

The area drained by the river is located within the humid tropical region with 

two distinct climatic seasons, namely, wet and dry seasons. The wet or rainy 

season runs from April to September, and the dry season from October to 

March. The annual rainfall fluctuates between 1500mm to 1800mm with 

most rains falling during the wet season. This phenomenon creates high 

discharges into the river during the rainy season. Also, temperature 

fluctuates between 280C to 400C all year round with high evaporation 

occurring mostly during the dry season. The river has a mean slope of 38.5% 

draining about 18700 hectares of land. There are different projects on 

grounds which are geared towards harnessing the Otammiri River as a 

potential site for erecting a hydroelectric power plant for supply of portable 

power to Federal university of technology Owerri, community. The 

feasibility survey and investigations have been carried out in this research 

with assistance of a team of hydrology experts from the department of 

hydrology, Anambra Imo River Basin Development Authority to determine 

the possibility of harnessing the power potential of the river from the given 

parameters, which are water head, and flow rate, calculated from the water 

depth, speed and area of the river. The natural flow of the river which flows 

through the school is analyzed in other to obtain the required parameters. 

From the results of the experiments carried out in all the field trips, the hydro 

power potential of the river was found to be about 77KW at an average 

natural head of 1.09m. The valeports’ model 106 self-recording/direct 

reading current meters was used to take the flow measurements. The results 

for the 2012 flows measured with the equipment were compared with the 

hydrological data (1984 to 1987) from the hydrological department, 

Anambra Imo River Basin using MATLAB curve fitting features and the 

results show that there have not been any significant changes. This is shown 
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from Table 3.19 to Table 3.23 and the plots are shown in Fig.3.9a to 

Fig.3.14. 
 

 

3.8 DESCRIPTION OF THE VALEPORT’S MODEL 106 SELF 

RECORDING/DIRECT READING CURRENT METER 
 

3.8.1  General description 

The model 106 is an impeller based meter measuring speed and 

direction, with optional temperature and depth parameters. The valeports’ 

model 106 current meter can be operated in a self-recording mode, or in the 

direct reading mode via a personal computer (PC). The equipment was used 

in the direct reading mode where it was interfaced with a laptop computer 

and the flow rate recorded directly on the laptop screen. Alternatively the 

model 8008 control display unit can be used for controlling the direct 

reading operation. 

 Self-recording mode 

In the self-recording mode, the equipment is connected to the PC for 

setting up recording scenario and data extraction. Instrument setup and data 

extraction can be carried out using the supplied Y lead from the PC to the 

external 10 way computer connector. 
 

 Direct reading mode 

In direct reading mode, the equipment is connected to the PC via the 

signal cable and a 3m power/data lead. The data lead was plugged into a 

serial port on the PC. Over short cable lengths (up to 100m) RS232 

communications are possible via the external 10 way computer connector to 

the PC. Over longer cable lengths, communications are via the digital current 

loop. If it is required to use the meter with a PC over long cable lengths, a 

separate digital current loop adapter will be required. Power to the Model 

106 current meter may be taken from their internal battery. 
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The internal battery contains one D cell (either alkaline or lithium) 

which has a capacity of 10.5Ah if a high grade cell is used. The overall 

current consumption of the unit depends on the sampling set up. 
 

 

3.8.2 Description of the Current Measuring Device 

The equipment contains all of the measurement sensors and 

electronics. The current meter works on a basic 1-second cycle, during which 

the impeller counts are taken and a single compass heading reading is made. 

From this, east and north velocity vectors were calculated, which were then 

summed over the averaging period. The additional parameters of temperature 

and pressure (if fitted) are sampled once every sample period, and averaged 

over the averaging period. Note that at very low flows (of the order of few 

centimeters per sec), it will be necessary to set a reasonably long averaging 

period to improve the resolution and accuracy of flow measurements. The 

valeports’ model 106 current meter is fitted with a data acquisition 

microcontroller, operating at a 12 bit resolution. The temperature and depth 

sensors operate on a basic 16Hz sampling rate and samples are sequential. In 

self-recording mode, the instrument logs in raw data, in real time mode, the 

calibration constants in the software are used to calculate the actual 

temperature and pressure readings within the instruments. 

3.8.3 Mechanical installations 

The instrument is provided with a suspension assembly for users to 

attach a suspension or mooring line. If the equipment’s polyurethane covered 

multicore cable is used, then this has a maximum working load of 100kg and 

if a sinker weight is used, it is important for this load not to be exceeded. For 

correct operation of the impeller, two procedures were applied prior to 

deployment: 

The inner part of the impeller was filled with clean water (this process is 

called Priming). This was achieved by unscrewing the impeller nose cap and 
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submerging the impeller to allow water to fill the inside. While it is still 

underwater, the nose cap is refitted to seal the water inside. 

The meter was balanced so that it is suspended horizontally in the water: 

Due to the fact that the meter is made from materials of different densities, 

the balance of the meter will be slightly affected by different salinities. For 

this reason the suspension assembly was moved along the main body to 

compensate. 
 

3.8.4 Datalog PC Software 

The datalog PC software is the operating software which describes the 

overall operation of the model 106 current meter. Datalog is an event driven 

program written in Visual basic for windows for use with valeports’ data 

gathering instruments. The program allows the user to configure the 

sampling regime of the instruments, view data in real time using a selection 

of displays and extract and view data from logging the instrument. The new 

extended memory 106 must be run with a version of datalog no later than 

version N. 
 

3.9 Installing Datalog PC Software 

To install the datalog software, the following procedures were 

followed: 

 The setup program was run 

 A dialogue box appeared with the message “initializing setup” 

 After a few seconds there was a command to select the path and 

directory in which to install datalog. 

  Continue was selected to select default datalog directory 

  Finish was clicked to complete the installation. 
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Fig: 3.7: TheValeport’s Model 106 Current Meter. 
 

The acquired hydro data from the River Basin Authority and the data 

acquired from the experiments carried out on the River are analyzed and 

compared in the next section using the Matlab software. 

 

 

Table 3.19: Water Stage and Water Discharge of Otamiri 1984/85. 

MONTH Water head (m) 
Water discharge 

(m3/s) 

Mean 

discharge 

 Minimum Maximum Minimum Maximum  

April 0.75 0.79 5.90 6.38 5.90 

May 0.76 0.82 6.02 6.74 6.35 

June 0.79 0.85 6.38 7.10 6.81 

July 0.84 0.95 6.98 8.40 7.33 

Aug 0.86 1.02 7.22 9.38 7.82 
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Sept 0.84 0.92 6.93 7.98 7.55 

Oct 0.89 1.02 7.58 9.38 8.07 

Nov 0.93 0.98 8.12 8.82 8.53 

Dec 0.73 0.97 8.12 8.68 8.44 

Jan 0.87 0.94 7.34 8.26 7.82 

Feb 0.80 1.01 6.50 9.24 7.19 

March 0.87 1.01 7.34 9.24 7.82 

Average 0.83 0.94 7.04 8.30 7.47 

 

Maximum water head is1.02m, Minimum water head is 0.75m. 

Maximum water discharge 9.38m3/s, Minimum water discharge is 5.90 m3/s. 

 
 

Fig.3.8a: Maximum and Minimum Water Discharge of Otamiri 1984/8. 
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Fig.3.8b Monthly Mean Water Discharge Hydro Graphs 1984/1985. 

 

Table 3.20: Water Stage and Water Discharge of Otammiri 1985/86. 

MONTH Water head (m) Water discharge (m3/s) 
Mean 

discharge 

 Minimum Maximum Minimum Maximum  

April 0.85 0.92 7.10 7.98 7.43 

May 0.84 0.87 6.98 7.34 7.13 

June 0.84 0.95 6.98 8.40 7.24 

July 0.85 1.00 7.10 9.10 7.79 

Aug 0.93 1.02 8.12 9.38 8.88 

Sept 0.92 1.18 7.94 11.78 9.25 

Oct 0.97 1.07 8.68 10.08 9.20 

Nov 0.92 0.96 7.98 8.54 8.16 

Dec 0.91 0.94 7.84 8.76 7.95 

Jan 0.90 0.95 7.70 8.40 7.91 

Feb 0.89 0.91 7.58 7.84 7.66 

March 0.89 0.92 7.58 7.98 7.73 

Average 0.89 0.97 7.63 8.76 8.03 

 

Maximum water head is1.18m, Minimum water head is 0.84m. 

Maximum water discharge 11.78m3/s Minimum water discharge is 6.98m3/s. 
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Fig.3.9: Maximum and Minimum Water Discharge of Otamiri 1985/86. 

 
 

Fig.3.10: Monthly Mean Water Discharge Hydro Graphs 1985/1986. 

 

Table 3.21: Water Stage and Water Discharge of Otamiri 1986/87. 

MONTH Water head (m) Water discharge (m3/s) 
Mean 

discharge 

 Minimum Maximum Minimum Maximum  

April 0.89 0.94 7.58 8.26 7.84 

May 0.91 1.06 7.84 9.94 8.77 

June 0.89 1.06 7.58 9.94 7.95 
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July 0.86 1.04 7.22 9.66 8.09 

Aug 0.90 0.97 7.70 8.68 8.08 

Sept 0.93 1.10 8.12 10.50 8.67 

Oct 0.98 1.08 8.82 10.22 9.23 

Nov 1.00 1.02 9.10 9,38 9.21 

Dec 1.00 1.01 9.10 9.24 9.13 

Jan 0.99 1.00 8.96 9.10 9.08 

Feb 0.96 1.00 8.54 9.10 8.65 

March 0.95 1.29 8.40 13.54 8.96 

Average 0.94 1.03 8.25 9.8 8.64 

 

Maximum water head is 1.29m, Minimum water head is 0.86m. 

Maximum water discharge is 13.54m3/s, Minimum water discharge is 

7.22m3/s. 

Fig.3.11:Ma

ximum and Minimum Water Discharge of Otamiri 1986/87. 
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Fig.3.12: Monthly Mean Water Discharge Hydro Graphs 1986/1987. 

 

 

Table 3.22: Water Stage and Water Discharge of Otamiri 1987/88. 
 

MONTH Water Head (m) 
Water Discharge 

(m3/s) 

Mean 

Discharge 

(m3/s) 

 
Minimum Maximum Minimum Maximum 

 

 

April 0.96 0.99 8.54 8.96 8.60 

May 0.96 1.04 8.54 8.68 8.84 

June 0.95 1.04 8.40 8.68 8.71 

July 0.92 1.05 7.98 9.80 8.87 

Aug 0.91 1.17 7.84 11.62 8.63 

Sept 0.95 1.35 8.40 14.60 9.20 

Oct 1.00 1.01 9.10 9.24 9.31 

Nov 1.00 1.04 9.10 9.66 9.28 
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Dec 0.96 1.01 8.54 9.24 8.80 

Jan 0.94 0.97 8.26 8.68 8.43 

Feb 0.92 0.95 7.98 8.40 8.09 

March 0.87 1.06 7.34 9.94 7.91 

Average 0.95 1.06 8.34 9.88 8.73 

 

 

Maximum water head is1.35m, Minimum water head is 0.87m 

Maximum water discharge is 14.60m3/s, Minimum water discharge is 7.34 

m3/s 

 

Fig.3.13: Maximum and Minimum Water Discharge of Otammiri 1987/88. 
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Fig.3.14: Monthly Mean Water Discharge Hydro Graphs 1987/1988. 

 

The water discharge forecast carried out using the MATLAB software gave 

the following results for 2012. 
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 Fig.3.15a: Discharge for January and February 1984  to 2012. 
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 Fig.3.15b: Discharge for March and April 1984 to 2012. 
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 Fig.3.15c: Discharge for May and June 1984 to 2012. 
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Fig.3.15d: Discharge for July and August 1984 to 2012. 
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Fig.3.15e: Discharge for September and October 1984 to 2012. 



104 
 

1980 1985 1990 1995 2000 2005 2010 2015
8

8.5

9

9.5

M
ea

n 
w

at
er

 d
is

ch
ar

ge

November

Mean water discharege for November from 1984 to 2012

 

 

fit 1

k vs. l

1980 1985 1990 1995 2000 2005 2010 2015
7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

9

9.2

9.4

M
ea

n 
w

at
er

 d
is

ch
ar

ge

December

Mean water discharge for December from 1984 to 2012

 

 

fit 1

k vs. l

 

Fig.3.15f: Discharge for November and December 1984 to 2012. 

 

 

 

 

 

The forecasted results obtained for maximum water head using 

MATLAB are given in the next section:  
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Fig.3.16a: Maximum Water Head for January and February 1984 to 2012.  
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 Fig.3.16b: Max. Water Head for March and April 1984 to 2012 
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 Fig.3.16c: Maximum Water Head for May and June 1984 to 2012. 
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  Fig.3.16d: Max. Water Head for July and August . 
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            Fig.3.16e: Maximum Head for September and October. 
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Fig.3.16f: Maximum Head for November and December. 

 

 

From the graphs shown in Fig.3.16a to Fig.3.16f and Fig.3.17a to 

Fig.3.17b, the curves are increasing and decreasing progressively at the same 
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time as they vary from the different months of the hydrological years from 

1984 to 2012. The MATLAB curve fitting tool box was used to obtain a 

suitable fit for this forecast. Most of the curves were fitted using the first 

degree Fourier fit. Other fits used were Exponential fit, rational fit and linear 

polynomial. The Table 3.22 shows the Water stage and Discharge tabulated 

for 2012. 
 

Table 3.23: Water Stage and Water Discharge of Otamiri 2012/2013. 

MONTH Water Head (m) 
Water Discharge 

(m3/s) 

Mean 

Discharge 

 Minimum Maximum Maximum Minimum  

April 0.94 1.05 10.28 10.02 10.07 

May 0.93 1.07 9.77 9.13 7.24 

June 0.92 1.04 10.1 8.95 9.09 

July 0.91 1.04 9.63 8.28 8.39 

Aug 0.92 1.09 11.6 11.07 11.39 

Sept 0.91 1.07 16.00 9.86 10.02 

Oct 0.99 1.00 10.28 10.2 10.79 

Nov 0.98 0.99 8.82 8.44 9.45 

Dec 0.95 0.98 8.83 8.77 9.03 

Jan 0.96 0.98 8.52 8.21 7.61 

Feb 0.96 0.99 8.35 6.96 7.43 

March 0.89 1.02 8.93 7.34 7.41 

Average 0.94 1.09 8.94 10.09 8.99 

From table 3.23 it can be observed that the maximum water head 1.09m and 

the minimum water head is 0.89m. 

The Maximum water discharge is 16.00m3/s and that happened in 

September. This value appears to be the highest since the history of the river 
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and is attributed to the heavy flood that took place last year in September. 

The minimum water discharge is 7.24 m3/s. 

Fig.3.18 presents the maximum and minimum water discharge and Fig.3.19 

presents its mean in graphical form. 

 

 
 

Fig.3.17: Maximum and Minimum Water Discharge of Otamiri 2012/2013. 

 

 

 
 

Fig.3.18: Monthly Mean Water Discharge Hydro Graphs 2012/2013. 
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From the data and plots in Fig.3.18 and Fig.3.19, it is seen that the 2012 

hydrological year which starts with the rains in April has the following data: 

Maximum water head for the year (August)   = 1.84m 

Minimum water head for the year (March)    = 0.89m 

Average minimum water head for the year    = 0.94 

Average maximum water head for the year      = 1.09m 

Maximum water discharge for the year (Sept)   = 16.00m3/s 

Minimum water discharge natural for the year (May) = 7.24m3/s 

Mean water discharge for the year         = 8.99m3/s 
 

The values gotten from the forecast was confirmed by carrying out 

field work in June, July, August and September of 2012. The details of the 

field work are shown in section 3.9. It can be observed from Figs. 3.18 and 

3.19 that there is an apparent deviation from the previous observed normal 

discharge values for the 2012/2013 plots for the months of September and 

October. This spike in the discharge values can be attributed to the flood that 

took place that year within those months. However, the effect of this on the 

general mean discharge was relatively insignificant. 

The values obtained from the mean water discharge from the months of 

January to December of 2012, served as inputs to the hydro resource of 

HOMER.  The Fig.3.23 shows the hydro resource that can be converted to 

electricity. 
 

3.9 REPORT AND ANALYSIS OF THE WORK CARRIED OUT 

USING THE VALEPORT’S MODEL 106  CURRENT METER 

This experiment was carried out by the research student and a team of 

experts from the hydrological department of the Anambra Imo River Basin 

Development Authority.  
 

3.9.0 AIM OF THE EXPERIMENT 

The aims of the experiment carried out on the Otammiri River include: 
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 To compute the water speed and hence the water discharge of 

Otammiri river in FUTO community. 

 To determine the possible hydroelectric power output capacity using 

the water discharge realized. 
 

3.9.1 APPARATUS REQUIRED FOR THE EXPERIMENT  

The apparatus used in the experiment include; 

 The Valeport’s Model 106 self-recording/direct recording current 

meter, 

 Fish weight, 

 Measuring tape 

 Laptop  

 Generating set 

 Laser jet printer 
 

 

3.9.2 THEORY OF OPERATION OF THE CURRENT METER 

The current meter has many models used in the recording of parameters such 

as water speed, pressure and temperature directly from the equipment to the 

PC or inside the equipment itself. This particular model is used to record the 

water speed. It is inserted into the river and the water speed is calculated 

through the datalogue software installed in the system (Laptop). In other to 

obtain the discharge, the area of the river is computed, and then multiplied 

by the water speed. 
 

3.9.3 PROCEDURE 

The following steps were followed to take the measurement of the flow rate: 

 The current meter was primed i.e. the propeller cap was filled with 

water from Otammiri River. 

 The different components were attached to it such as the cable, the 

battery, the connector to the computer etc. 
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 The width of the river was measured (in other to calculate the cross 

sectional area of the river). 

 The fish weight and a measuring tape were inserted into the river to 

record the depth from the surface to the bottom of the river. 

 The current meter was inserted into the river with the connector to its 

telemetry connected to the computer. 

 The water speed was then measured at different selected depths from 

the different positions measured out on the bridge as velocity readings 

of the river were observed on the laptop screen at 2 minutes interval. 

 

Fig.3.19: Schematic Representation for the Area Measurement. 
 

 

3.9.4 RESULTS OF THE EXPERIMENT 

The width of the river was divided into 8 places and the depth was 

measured at seven different positions, a fish weight was used to calculate the 

depth of the river at different positions, the following results were obtained: 

The water speed was measured at two different depths on the same position 

at 0.2m and o.8m from the bridge. The two different depths at the different 

positions were obtained thus: 

For the 14th position, the depths obtained were: 9.8m and 10.4 
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For the 12th position, the depths obtained were: 9.84m and 10.56m 

For the 10th position, the depths obtained were: 10.04m and 11.36m 

For the 8th position, the depths obtained were: 10.06m and11.44m 

For the 6th position, the depths obtained were: 10.06m and 11.4m 

For the 4th position, the depths obtained were: 10.06m and11.4m 

For the 3rd position, the depths obtained were 9.95m and 11.0m 

 

 

3.10 CALCULATING THE SECTIONAL AREAS 

 

Fig.3.20: Cross-Section of Otamiri River at FUTO Bridge. 
 

Taking the error in depth measurement into account as 0.03m, the area of the 

river is calculated thus: 

Area of the triangle from the left = ½ x b x h = ½ x2 x 1 = 1.0m2 

Area of the 1st trapezium = ½ (a+b) x h = ½ x (1.0 + 1.2) x 2 = 2.2m2 

Area of 2nd trapezium = ½ (a+b) x h = ½ x (1.2 + 2.2) x 2 = 3.4m2 

Area of 3rd trapezium = ½ (a+b) x h = ½ x (2.2 +2.3) x 2= 4.5m2 

Area of rectangle = L x W = 2 x 2.3 = 4.6m2 

Area of 4th trapezium = ½ (a+b) x h = ½ x (2.3 +1.75) x 2 = 4.05m2 
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Area of 5th trapezium = ½ (a+b) x h = ½ x (1.75 +1.5) x 1 = 1.625m2 

Area of triangle at the right = ½ x b x h = ½ x 3 x 1.5 = 2.25m2 

The following results were obtained for water speed from the current meter 

using the datalogue software: 
 

 

Fig.3.21: Schematic Showing Measurements of Water Speed Using the 

Valeports’ Model 106 Current Meter. 
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Fig.3.22: Hydro Resource Data Inputs. 

 

The above figure shows both the monthly and annual average flows at 

the Otammiri River, the latter being scaled as 8996l/sec. From the Fig.3.23, 

it can also be observed that the discharge drops from November to March 

and rapidly increases up to 10070 l/sec in April due to heavy rainfall in the 

area. Hence power generation capacity of the hydro source will not remain 

the same throughout the year. 
 

3.11 BIOGAS RESOURCE EVALUATION 

The production of methane during the anaerobic digestion of 

biologically degradable organic matter depends on the amount and kind of 

material added to the system. The efficiency of production of methane 

depends on the continuous operation of the system. As much as 1000l  of gas 
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(containing 50-70 percent methane) can be produced from 1000l of volatile 

solids(1000kg/m3)  added to the digester when the organic matter is highly 

biodegradable (e.g., night soil or poultry, pig, beef-cattle faecal matter or 

human municipal waste). 

 

3.11.1 Biomass Sources in FUTO 

The biomass in FUTO ranges from cow dung, green leaves and 

municipal solid waste (MSW). With the number of students living in the 

school’s hostel, some amount of human waste can be generated. 

It was gathered from the director of Estate and Works Department, that the 

septic tanks are usually dislodged every two months. The dimensions of the 

septic tanks used at the various hostels were received from the Physical 

Planning and Development(PP and D) Unit in the Senate building. This 

enabled the calculation of the volume of the waste every two months. 

The cost at which the dislodgement is done was found from the Dean of 

Student Affairs to be fifty thousand naira per pit. This value is required by 

the software for the effective implementation of the cost analysis. 
 

 

3.11.2  Calculations on Biogas Resources  

The following analytical results were obtained from the anaerobic 

digestion of biomass wastes using human wastes to produce methane: 

Since 1kWh = 3415btu, a simple gas turbine has a fuel consumption of 

3415/0.34 =10000Btu/kWh, where 0.34 is the plant factor. 

Net heating value of methane  = 21433Btu/pound 

Thus the methane consumption in a simple gas turbine would be:  

10000/21433  =  0.47pounds/kWh = 0.21kg/kWh 

1000litres  =  1m3 

22.4litres  =  1mol 

Molar mass of methane is 16g per mole 
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Therefore 16/1mol ×1000l/m3×1/22.4l = 714g/ m3 

Volume of human waste from hostel A = 43.2 m3 

Volume of human waste from hostel B = 43.2 m3 

Volume of human waste from hostel C = 43.2 m3 

Volume of human waste from hostel D = 43.2 m3 

Volume of human waste from hostel E = 43.2 m3 

Volume of human waste from hostel PG hostel = 3.75m3 
 

Total volume  =  43.2 × 5 + 3.75 = 219.75m3 = 219.75 m3 

219.75 m3 × 0.714  =  154.76kg 

If 1000 litres of human waste produces 1000 litres of biogas, 219.75 m3 will 

produce 219.75 m3 of biogas. Energy produced from 154.76kg of biogas will 

be 154.76kg /0.21kg/kWh = 736,95kWh 

Recommending a 5kW biogas generator, the generator can run for 736.95/5 

= 147.39, 147.39/24h = 6.14 i.e. approximately six days 

The density of human waste is approximately equal to the density of water = 

1000kg/ m3.  

Mass of human waste = 1000 × 219.75 = 219750kg 

Since the hostels’ septic tanks are dislodged after every two months, the 

mass per month = 109875kg 

The mass per day = 3662.5kg. The available biomass waste in tonnes per day 

is given as: 3662.5/1000 = 3.66 tonnes per day and this will vary according 

to when students are around in school. The variations are used as inputs into 

the HOMER software. 



118 
 

 
 

Fig.3.23: Biomass Resource Data Inputs. 

 
 

3.12 COMPONENT COST ASSESSMENT FOR EACH SOURCE 

 In the simulation using the HOMER software, solar photovoltaic, 

biogas and run-off river hydropower are the intermittent RES. Batteries and 

Converter are for storage. The performance and cost of each of the system’s 

components is a major factor for the cost results and the design. Thus, the 

development of these data was carried out with much diligence. A different 

set of performance and cost parameters is used by HOMER to characterize 

each of these different components [Fergusen, 2006]. The components’ 

technical and cost parameters for this study are based on data collected from 

different renewable energy market  website, previous published literatures, 

information from  world known manufacturers, and reasonable estimations 

where necessary. 
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3.12.1 Cost Estimation for PV System  

The SPV panels are connected in series parallel. They are positioned 

south of the equator. When the sunlight is incident on a SPV panel it 

produces electricity. The capital cost and replacement cost for a 1kW SPV 

are taken as $4000 and $3500 respectively [Koutroulis, 2006]. As there is 

very little maintenance required for PV, only $10/year is taken for O&M 

costs [Koutroulis, 2006]. Like for all other components considered in the 

following sections, per kW costs considered include installation, logistics 

and dealer mark-ups. The difference between the capital cost and 

replacement cost is also shown in the cost curve in the figure. The derating 

factor considered is 90% for each panel to approximate the varying effects of 

temperature and dust on the panels. The panels have no tracking system and 

are modeled as fixed tilted south at 5°20' N latitude of the location with the 

slope of 45°. 

 

 

Fig.3.24: Solar PV Resources Economic Data Inputs. 

3.12.2 Cost Parameter Inputs for the Hydro System 
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The hydro power is designed for an average power output of about 

70kW depending on the resources from Otammiri. The Fig.3.26 shows that 

the turbine is designed for a net head available of 1.09m and has a design 

flow of 7000 L/s. The turbine efficiency is 90% and has a pipe head loss of 

0.012%. 

 

 
 

Fig.3.25: Hydro Resource Data Input. 

 

 

The hydro power is AC connected and has a lifetime of 15 years. The 

capital cost for a 67.4KW plant is estimated at $75,000 while the 



121 
 

replacement cost and O&M cost are considered to be $45,000 and $1800 

respectively [Fergusen, 2006]. 
 

3.12.3 Cost Parameter Inputs for the Biogas System 

As there is a variety of methane Generator available from various 

manufacturers and distributors, it is difficult to compare all the different 

information. As shown in Fig. 3.27 the capital cost, replacement cost, O&M 

costs of a 1kW biogas generator are taken as $12900, $10200, and $0.15/hr 

respectively [Givler, 2005]. The costs include the costs of installation, 

logistics and dealer mark-ups.  

 

 

Fig 3.26:Biomass Generator Data Inputs. 

 

Fig.3.27 also shows the cost curve of the generator, connected to an 

AC output with a lifetime of 15,000 operating hours. The minimum load 

ratio is taken to be 30% of the capacity; moreover, HOMER requires the 

partial load efficiency to simulate this component. HOMER calculates the 
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total operating cost of the generator based on the amount of time it has to be 

used in a year [Fergusen, 2006]. 
 

3.13 Battery Parameter Inputs 

Batteries are used as backups in the system and to maintain a constant 

voltage during peak loads or a shortfall in generation capacity. HOMER 

models a number of individual batteries to create a battery bank connected in 

series-parallel connections. The battery chosen for this study is Vision 

CP12240D as shown in Fig 3.28. 
 

 

Fig.3.27: Battery Cost Parameters. 

It is a 12V battery with a nominal capacity of 1,156 Ah (6.94 kWh). It 

has a lifetime throughput of 9,645kWh. The capital cost, replacement cost 

and O&M costs for one unit of this battery were considered as $1000, $800, 

and $50/year respectively [Martin, 2007] HOMER models the batteries on 

charging and discharging cycles. 
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3.14 Parameter inputs for the Converter  

A converter is an electronic power device that is required in a hybrid system 

to maintain the energy flow between AC and DC electrical components. It 

has an inverter and a rectifier to do the conversions from DC to AC and 

inverter for AC to DC. Figure 3.29 shows converter technical and cost 

parameter. 
 

 

Fig.3.28: Converter Technical and Cost Parameter. 

 
 

Figure 3.34 shows the capital cost, replacement cost and O&M costs for 

1kW systems, which were considered as $700, $550, and $100/year 

respectively [khan, 2005]. The figure above shows the cost analysis curve, 

the lifetime of the converter for 15 years, inverter efficiency of 90% and 

rectifier efficiency of 85%. In this proposed hybrid system, HOMER 
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simulates the system with the inverter and AC methane generator to operate 

simultaneously whenever required. 

 

3.15 EQUIPMENT CONSIDERED FOR THE SYSTEM 

The search space as in Fig. 3.30 shows the list of component sizes 

considered in the analysis to design the correctly sized hybrid system. This 

way, the best suited combination to serve the load is obtained. 
 

 

Fig.3.29: Equipment Search Space for Different Sizes Considered. 

The Fig.3.30 shows the sizes selected as overall winner and category winner 

in different combinations for the PV array, biogas, CP12240D battery and 

converter. All equipment details, resource details and component parameters, 

efficiency curves, cost curves, etc. can be found in Appendix 2. 
 
 

3.16 SENSITIVITY INPUTS  
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The key variables for the power system are often uncertain. This is a 

major problem to be overcome in the design of the system. Here, one of the 

most important characteristics of HOMER comes into play: The software is 

able to conduct a sensitivity analysis on hourly data sets with the help of 

scaling variables. This way, uncertainties in the primary electric load or the 

RES (hydro, solar and biogas) can be taken into account. Consequently, the 

sensitivity analysis allows the system designer to create a good and practical 

design in spite of uncertainties in the key variables. 

Fig.3.31 shows that the sensitivities entered for the biomass in $/t are 0, 10, 

20, 30 and 40.For each of these different values, the complete system is 

simulated with the resulting different technical and cost parameters. The 

optimal solution is found if the system is able to meet the load demand.  

 

 

Fig. 3.30: Sensitivity Inputs. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 
 

4.1  PRESENTATION OF RESULTS 

The Renewable Energy(RE) potential and economic analysis of 

electricity generation with a hybrid Renewable Energy Technology (RET) 

system to supply power to the new ICT/EEE building has being performed 

using HOMER. Different scenarios have been considered and the costs for 

RETs (which can be expected to sink due to technical progress) have also 

been taken into account. The sizing of the various components paid regard to 

the necessity of an operating reserve to enable the system to provide reliable 

energy supply and also allows for a rising energy demand in the future. The 

system’s feasibility and its independence of the grid are furthered by the 

sinking costs for RES, which allows meeting the loads’ energy demand 24 

hours every day. The results of this simulations and analysis are discussed in 

the following sections.  
 
 

4.2 OPTIMIZATION RESULTS 

For the off-grid electrification, various combinations have been 

obtained of hybrid systems with hydro plant, PV, batteries and converters 

from the HOMER Optimization simulation. This is shown in Fig.4.1. 
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Fig.4.1: Optimisation Result Details. 
 

HOMER uses the total NPC as its main selection tool. All the possible 

hybrid system configurations are listed in ascending order of their total NPC 

in the Fig.4.1. The technical and economical details of all the configurations 

of the hybrid systems from the optimization process are shown in detail in 

Fig.4.1, where the best possible combination of hydro power, PV, biomass 

and batteries is highlighted in blue. The highlighted combination is able to 

fully meet load demands at the lowest possible total NPC. 

After a total of precisely one thousand one hundred and seventeen 

(1117) simulations, the result shown in Fig.4.1was obtained. According to 

the optimization results, the optimal combination of RET system 

components are a 5kW PV-Array, 67.4kW hydro power, 1kW Biogas, 

1vision CP12240D Battery, 3kW Inverter and a 3kW Rectifier with a 

dispatch strategy of cycle charging. The total NPC, Capital cost and COE for 

such a hybrid system are $513,737, $199,780 and $0.131/kWh, respectively. 
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COE of $0.131/kWh is approximately N 20.96/kWh from this proposed 

hybrid system which is less than that of N22/kWh from grid extension with 

economic distance limit (EDL) of about 5km. Therefore, a stand-alone 

system is cheaper to meet the sample load center (New ICT/EEE building). 

The optimal cost summary and system architecture selected by 

HOMER are summarized below in Table 4.1 and Table 4.2 respectively. The 

net present cost of the various system components is also shown in a bar 

chart in Fig. 4.2 
 

Table 4.1: Cost Summary. 

COST DESCRIPTION DOLLAR 

VALUE 

NAIRA VALUE 

Total net present cost $513,737 N82197920 

Leveled cost of Energy $199,780 N31,964,800 

Operating cost  

(per year) 

$7,623 N 1,219,680 

 

 

Table 4.2: System Architecture. 

ENERGY SOURCE RATING 

PV Array 5kW 

Hydro 67.4kW 

Biogas Generator 1kW 

Battery 500Ah 

Inverter 3kW 

Rectifier 3kW 
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Fig.4.2:Cash Flow Details. 

 

Table 4.1 shows the annualized cost of the proposed system’s 

components. It can be seen that the costs for the Biogas generator and PV are 

distributed completely oppositely over both components’ lifespan: The 

O&M cost of the Biogas generator per kWh is $371, whereas almost 50% of 

the annualized cost goes to the PV arrays. Once installed, however, PV is 

cheap to maintain and operate compared to the biogas generator .PV has 

O&M cost of $50 which is about 7times cheaper than biogas.   
 

Table 4.3: Annualized Cost of the Proposed System’s Components. 

 

 
 

4.3 Sensitivity Results  

Sensitivity analysis eliminates all infeasible combinations and ranks 

the feasible combinations taking into account uncertainty parameters. 

HOMER allows taking into account future developments, such as increasing 

or decreasing load demand as well as changes regarding the resources, for 

example fluctuations in the river’s water flow rate, variation in the intensity 
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of sunlight etc. Here, the various sensitive variables are considered to select 

the best suited combination for the hybrid system to serve the load demand. 

Figure 4.3 shows the sensitivity analysis detail. It can be observed that with 

change in the sensitive variables, the configuration of the system changes. 

Even in this analysis, HOMER ranks the configurations in descending order 

of their total NPC. 
 

 
 

Fig. 4.3: Sensitivity Analyses Details. 
 

In Fig.4.3 the least cost configuration is marked in blue, further suitable 

configurations follow in ascending cost of the NPC. The other rows show 

how the configuration changes with changing sensitivity variables. In the 

blue red box there is no hydro plant in the configuration and the fixed cost 

can still meet up with biomass cost hence biomass is zero. The COE for this 

hybrid configuration of 15kW PV, 1kW Bio &1 battery is noted to be 

$0.595/kWh. 
 

4.4 SYSTEM DISPATCH  

Apart from choosing the different components, HOMER   makes 

various decisions regarding the working together of these components, such 
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as whether power should be sold to or bought from the grid (for grid 

connected systems), whether batteries should be charged or discharged, 

which generators should operate and at what power level etc. depending on 

the combination in use. Furthermore, all of these decisions have to be taken 

for every hour of the day. The concepts of operating reserve and load priority 

affect HOMER’s dispatch decisions and are briefly discussed as follows.  
 

4.4.1 Operating Reserve  

Problems arising with power systems are the variability of the RES 

power output and the possibility that the electric load demand might 

suddenly increase to surpass the operating capacity (which will lead to an 

outage). Therefore, every system needs an operating reserve, which is 

surplus generating capacity to provide a safety gap and be able to respond to 

these problems. The amount of a system’s operating reserve always equals 

its operating capacity minus the electrical load demand [Godoy, 2009]. 
 
 

4.5 Load Priority  

Homer follows a load priority protocol, where it takes a separate set of 

decisions on the allocation of electricity produced by the system. HOMER 

serves the electricity produced from an AC source to an AC load first, the 

same goes for DC. In this research, as all loads are of AC connections, 

HOMER serves primary loads only. 
 

4.5.1 Economic Modeling of the System 

As it is a primary aim to minimize the total net present cost (NPC) 

both in finding the optimal system configuration and in operating the system, 

economics play a crucial role in the simulation. The indicator chosen to 

compare the different configurations’ economics is the life-cycle costs 

(LCC), and the total NPC is taken as the economic figure of merit. The 

advantage of this is that the main difference between renewable and non-

renewable resources regarding to costs is that non-renewable resources 
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usually have low capital and high operating costs, whereas for RES the costs 

are generally distributed in the opposite way: After a considerable 

investment in the beginning, the system can be operated at a comparatively 

low cost. To be able to compare the economics of numerous different system 

configurations with a varying share of renewable and non-renewable energy 

sources, HOMER has to take into account both the operating and capital 

costs. Since the LCC comprises of all costs incurred during the system’s life 

span, it considers these factors and therefore is the appropriate parameter 

with which to compare the different configurations’ economics.  

This LCC is determined with the help of the NPC, which expresses all 

costs and proceeds occurring during a system’s life span in one total sum (in 

dollars). Future earnings are discounted back to the present using the 

discount rate, which is – just as the system’s life span – set by the system 

designer. The different items making up the NPC are the costs for 

construction, maintenance including component replacements and other 

miscellaneous costs. Furthermore, the NPC also considers salvage costs that 

is the residual value of system components after the projects’ end. 

HOMER factors inflation out of the analysis with the help of the 

assumption that prices will increase at the same rate during the system’s life 

span: This allows the modeler to apply an annual ‘real interest rate’, which 

equals the nominal interest rate minus the inflation rate, and calculate all 

costs in constant dollars. An alternative to the NPC to compare the 

economics of various system configurations is the leveled cost of energy 

(COE), which is defined as the average cost for every kWh of electricity 

produced by the system. 
 

4.6 Economic Inputs 

Fig.4.4 shows that the project’s lifetime is considered to be 25 years 

with an annual interest rate of 10%. The nominal interest rate minus the 



133 
 

inflation rate gives the real interest rate. The system fixed capital cost 

includes various civil constructions, logistics, wages, required licenses, 

administration and government approvals and other miscellaneous costs. The 

penalty for capacity shortage is not considered in this case. 

 

 

Fig.4.4: Economics Input. 

 

4.7 System Constraints 

If a small amount of load is allowed to go unserved, this can 

significantly enhance the economic performance of the hybrid RET system. 

If the system can be designed to be down for a short period of time in a year 

or if some load can be shed, this can help in reducing the battery bank and 

hence significantly reduce the capital cost of the hybrid system [Lambert, 

2006]. It is shown in fig.4.5 that the maximum annual capacity shortage is 

set at 3% and the minimum renewable fraction is taken as 50%. The figure 

also shows the data entered for the Operating reserve. 
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Fig.4.5: Constraints of the System. 
 

4.8 System Controls 

Two different types of control strategies are modeled by HOMER. 

With the Load-flow strategy, the system is only allowed to generate power to 

meet the load at a given time. In contrast to this, is the Cycle charging 

strategy the system is allowed to operate up to maximum power to charge 

the batteries and serve the load at the same time. For this research, as shown 

in fig.4.6, the Cycle charging strategy have been selected for the system. The 

set point charge for the batteries is kept at 80%. 
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Fig.4.6: System Control Input. 
 

4.9 OPTIMIZATION ANALYSIS 

HOMER performs the simulation for a number of prospective 

designed configurations. After examining every design, it selects the one that 

meets the load with the system constraints at the least LCC. HOMER 

performs its optimization and sensitivity analysis across all mentioned 

components and their resources, technical and cost parameters, and system 

constraints and sensitivity data over a range of relevant variables. The results 

for two different hybrid system options are compared regarding the least-cost 

scenario.  

 

 

 

 

 

 



136 
 

CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 
 

5.1 CONCLUSION 

In this research, it has been shown that a hybrid combination of a 

micro-hydro, photovoltaic and biomass renewable energy system for the 

chosen case study is feasible and cost efficient. It has also been shown that 

the energy generated from this combination can be as cheap as $0.131/kwh. 

Resource assessment and demand calculations have been carried out and the 

Cost of Energy (COE) has been ascertained for different systems and 

configurations prove this correct. A combination of hydro, Solar 

photovoltaic, biogas generator and battery has been identified as the cheapest 

and most dependable solution with a COE of $0.131/kWh (twenty naira 

ninety six kobo per kilowatt hour). Another finding of this study is that a 

combination of different Renewable Energy Technologies (RETs) is better 

suited for the off-grid electrification of remote villages than the use of one 

single Renewable Energy Source (RES). Furthermore, the Economic 

Distance Limit EDL for a grid extension from the existing grid point to the 

location has been calculated and thus a mathematical relation created 

between the hybrid system’s capacity and the cost for a grid extension. 

The best suited RET for providing electricity to remote locations is the 

hydro portion (provided the resource is available). This can be attractive for 

small villages even where the distance to the next grid point is only about 

5km.  

In all, HOMER has proved a valuable tool in this study especially 

because of its ability to simulate numerous components and load 

combinations. The graphs created by HOMER make the simulation’s results 

clear and easy to understand. One drawback of HOMER, however, is that its 

optimization process is based on identifying the cheapest technology and this 
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requires the system designer to specify the exact costs of different 

components, which is usually very tasking. 

This optimal design of the hybrid renewable energy system 

accomplished in this work will produce an efficient, reliable and 

economically viable source of energy for the large number of remote rural 

areas of Nigeria that have this renewable energy resources. Since the 

resources for such energy supplies are vastly natural and renewable, in the 

long term, it will prove very viable economically for a developing nation like 

Nigeria if our government goes into installing such energy sources in remote 

villages. This will, apart from greatly reducing the load on the national grid 

and increasing its reliability, also have a very high positive impact on the 

national economy of the country as the huge capital investment in providing 

fuel for the conventional energy sources will be saved or at worst highly 

reduced. This research offers a technical and economical standard for the 

implementation of such projects in our own weather conditions in Nigeria.  
 

 

 

5.2  RECOMMENDATIONS 

From the results obtained from the various experiments and analysis 

carried out in this research, a number of short falls and limitations associated 

with the various renewable energy sources investigated were observed for 

which the following recommendations are made to foster improved system 

capacity.  
 

 The present daily biogas output capacity of FUTO (the case study 

area) is at a very low state. This is responsible for the low power 

capacity estimation from this source.  According to a BBC 

documentary report of June 2012, a poultry farm in china of three 

hundred thousand (300,000) birds produces about 200 tonnes 

(200,000kg) of Poultry droppings daily. If such a farm can be set up 
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in FUTO, then there will be a tremendous increase in the biogas 

capacity in the school. 

 The cattle farm should also be operated in such a way that the animals 

are kept in a confinement for maximum collection of their droppings. 

 Otammiri River can be dammed so as to improve the river’s electrical 

output up to at least 450KWwhich will go a long way to meet the 

school’s energy demand.  
 

In general, Off-grid electricity generation based on hybrid RET systems 

play a vital role in addressing the issue of a country’s energy demand and 

security, therefore,  encouraging further initiatives towards research in this 

area should be a continuous process . Local governments can play important 

roles in promoting RETs: These can be taken into account in their decision 

making, planning and in the municipal infrastructure. This way, the 

governments will also set examples for businesses and citizens.  

Accordingly further work is recommended in: -  

 Promotion of RETs by best-practice policies at state and local levels.  

 Promotion of RETs with the help of financial instruments such as 

micro-finance and consumer credits.  

 Creating local infrastructure for the installation, O&M of RET 

systems. 

 Further work can also be carried out in line with this research to 

consider how the inclusion of a diesel generator will impact on the 

overall efficiency of the hybrid energy system especially during bad 

weather conditions. 
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5.3 CONTRIBUTION TO KNOWLEDGE 

  The results obtained from this research have shown that: 

* A combination of renewable energy sources to achieve a hybrid energy 

system is feasible and is also capable of competing favorably with grid 

energy for application in remote locations of Nigeria.  

* If the Federal government invests in such projects, then the energy needs 

of this remote areas will not only be met but the national grid will also be 

decongested. This will make for a more reliable power network as the 

problem of overload will be reduced considerably. 

* Apart from the drastic reduction in environmental pollution through the 

use of renewable energy, the economy will also be relieved of the burden of 

the cost of waste disposal and management as such waste materials would be 

diverted for useful purposes. 

* This research has also created a model for the determination of the hybrid 

renewable energy capacity of any remote location in Nigeria. 
  

5.4   PUBLICATIONS 

1. Evaluation of the effects of weather variation, climate change and time on 
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2. Estimation Of The Electric Power Potential Of Human Waste Using 
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APPENDIX 1 

 

 

 

Fig. A: Bringing Down The Equipment and Taking Width Measurement 
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Fig. B: The Model 106 Current Meter and Its Subconnector to the PC 
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Fig. C: Connecting the Equipment External Battery 
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Fig. D: The Fish Weight and Lowering the Current Meter into the River 
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Fig. E: The Fish Weight and the Current Meter Inside the Otammiri River 
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APPENDIX II 

 

AC Load: New ICT  building  

Scaled annual average:  473 kWh/d  

Scaled peak load:  64kW  

 

 

 

Solar Resources 

 

Latitude: 5 degrees 26 minutes North 

Longitude: 7 degrees 02 minutes East 

Time zone: GMT +1:00  
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Hydro Resources 

 

 

 

 

 

AC Hydro: Capital cost:  

 

$ 75,000  

Replacement cost:  $ 45,000  

O&M cost:  $ 1800/yr 

Lifetime:  25 yr 

Available head:  1.09m  

Design flow rate:  7000L/s  

Min. flow ratio:  30%  

Max. flow ratio:  99%  

Turbine efficiency:  90%  

Pipe head loss:  0.012%  
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Selection of generator 

 67.4kW generator, with 

 Voltage   = 240V 

 Speed   = 1500rpm at 50Hz 

 Current = 4.748A 

 Power factor of = 0.98 

 Model = Y3154L 

Efficiency = 93.6 

 Length = 1340mm 

 Weight = 1220kg 

 

Hydro Energy Available: 

  P = 9.8 x Q x H 

 Average Maximum water head of Otammiri H for 2012 hydrological 

year= 1.09m 

 Mean water discharge of Otammiri for the year 2012 Q = 8.99m3/s 

Taking the efficiency of the Kaplan turbine as 0.8, acceleration due to 

gravity as 9.81m2/s, the density of the river as 1000kg/m3 (1g/cm3), the 

average maximum water head as 1.09m and the mean water discharge as 

8.99m3/s, the power output is calculated thus 

 

Conditions 1: When the natural head H1 is used 

P = 0.8×9.81×1000×8.99×1.09 ∕1000 

P = 76.90kW appr. 77kW 
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Conditions 2: When a dam is built across the river 

It is possible to generate a head of about 7 meters by damming the river; this 

value of head is in the low head range. This gives a power output that is not 

in the micro hydro rangeas a result of the dam, it gives an output in the mini 

hydro range. The cost of construction of a dam, and all equipment costs and 

installation should be put into consideration. The power output is then 

calculated thus: 

 Hg = H2 (dammed head) 

Maximum water head of the dammed river Hg = 7m 

 Mean water discharge of Otamiri Q for 2012 hydrological year = 

8.99m3/s 

   P = 0.8×9.81×1000×7×8.99 ∕1000  

P = 493.87kW 

 

Cost of Biogas Production 

Sand                                N7, 500 

Cement                            N5, 000 

Dislodgement                  N250, 000 

Total                               N262500 = $1640 

Mass of Biomass = 219750kg = 219.75tons 

Cost of production = 7.46$/t 
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