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Abstract: Renewable energy is sustainable, inexhaustible and can easily be set up in small unitsand is 

therefore, suitable for community management and ownership. However, a very serious threat to grassroots 

utilization of renewable energy in rural areas is the lack of large and effective infrastructures to generating 

changes in renewable energy technologies. Moreover, most of the renewable energy sources being used in the 

rural areas have failed in matching supply with demand due to their stochastic or seasonal variations. There is 

need for educational institutions to involve in aggressive research in renewable energy technologies tailored 

using locally available renewable energy sources and training of personnel to do the jobs in developing 

countries.This paper presents the overall review of renewable energy technologies available for use in rural 

areas, stressed the need for collaborative efforts between the governments, communities and educational 

institutionsand discussed on design considerations for integrated rural energy systems and small hydro/PV 

hybrid system for a typical rural community in Nigeria. 
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I. Introduction 
Access to energy is fundamental for socio-economic development and poverty alleviation. Developing 

countries all over the world, are characterized by; low per capita energy consumption most  of which goes in 

cooking and lighting; high unemployment in rural areas; rural areas largely dependent on biomass energy 

sources and large difference in living standards ofurban and rural population[1]. 

Interests in the utilization of renewable energy sources in most developing countries of the world have 

continued to be on increase. However, lack of large and effective infrastructures dedicated to generating changes 

poses a serious threat to grassroots utilization of renewable energy in rural areas. The success of systems 
introduced to harness renewable energy sources in the rural areas of developing countries will primarily depend 

on development and availability of appropriate technologies, hardware, and design methodologies to match the 

resources to the needs [1,2,3]. The buildup of educational services and the associated infrastructure necessary to 

properly maintain and utilize the systems that are already installed are very important for any meaningful 

development in the rural setting. It is very important for energy planning in any developing country to determine 

what can be done at home andwhat is not practical to do at home. In all of these areas, educational institutions 

can play a key role. Integrated use of renewable energy sources will help overcome weakness of one resource by 

the strength of the other in some aspects. This will also provide job opportunities and upgrades socio-economic 

conditions of rural communities. 

Rural dwellers’ energy needs are for basic livingactivities, agricultural production and establishment of 

small –scale industries.Research on the development of the world’s energy state and the future development 
showed that almost two billion people world-wide do not have access to modern energy services.This lack of 

access to electricity mainly applies to rural areas in developing countries,and progress being made over the last 

25 years has applied mainly to urban areas. It is saddening to note that without central governments taking 

heavy financial initiatives, the situation in 2030 will remain more or less unchanged with 1.4 billion people or 

18 % of the world’s population without electricity supply [3,4]. 

Electrification of a rural society is not the efficient and economical way to achieve asustainable society.  

Electrical load in remote areas is very small as compared to otherenergy needs such as cooking, heating etc. 

Hence, rural electrification is not the idealsolution in these areas. Providing energy needs in various forms to 

match the needsallows the end users to benefit from such system [3,4,5].Even today, people in rural areas use 

traditional biomass such as firewood, animal dung, straw, and charcoal to satisfy their daily energy needs. They 

use animal dung, charcoal, firewood, etc. for cooking, kerosene for lighting purposes and expensive dry cell 

batteriesfor communication purposes. These pose threat not only to the surrounding environmentbut also to their 
health. Therefore, renewable energy technologies must be promoted toplay a vital role to improve their quality 

of life and provide a sustainable and safe environment to live [6]. 

 

 



Integrated Renewable Energy Sources for Decentralized Systems in Developing Countries 

www.iosrjournals.org                                                    27 | Page 

II. Methodology of Research 

The study started with detailed studies of the available literature on different renewable energy 

technologies. Relevant information on the status of renewable energy in Nigeria was sourced from the Energy 

Commission. Primary and secondary data of stream flow,head and hydrographs for the past ten years were 

sourced from the water Corporation during visitation to the site. The solar irradiation data were collected from 

Nigerian Meteorological centre. This was analyzed using analytical method-Angstrom model. The load demand 

estimation model were done through questionnaires and personal visitation.The load demand profile was then 
compared with the total capacity power of the SHP/PV hybrid system. 

 

III. Overview of Renewable Energy Conversion Technologies 

All renewable energy sources can be converted to electricity. However,in practical terms there will be 

some routes that will be preferred due to its cost –effectiveness. These are subsequently discussed in the 

following sections. 

 

3.1Biomass 

Biomassis biological material derived from living, or recently living organisms. It most often refers to 

plants or plant-based materials which are specifically called lingo-cellulosic biomass[7,8]. As an energy source, 

biomass can either be used directly via combustion to produce heat, or indirectly after converting it to various 
forms ofbiofuel. Conversion of biomass to biofuel can be achieved by different methods which are broadly 

classified into: thermal, chemical, and biochemical methods. Wood remains the largest biomass energy source to 

date[9] 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 matterthat 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[7,10], and a variety of tree species, ranging from eucalyptus to oil palm (palm oil). 

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—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[8.] The biomass used for electricity generation varies by region. Forest by-products, such as 
wood residues, are common in the United States. Agricultural waste is common in Mauritius (sugar cane 

residue) and Southeast Asia (rice husks). Animal husbandry residues, such as poultry litter, are common in the 

UK[10,11].Direct combustion remains the most common technique for deriving energy from biomass for both 

heat and electricity production.The different technologies tend to be classed in terms of either the conversion 

process they use or the end product produced.  Combustible gas can also be produced from biomass through the 

low temperature biological processes called anaerobic (without air) digestion.  The biogas produced can be 

burned to provide energy for cooking and space heating or to generate electricity. Other known areas of 

applications are in fermentation of biomass to produce alcohols,pyrolysis to produce liquid and gaseous 

anaerobic fermentation of human,animal and agricultural wastes to produce biogas for several uses. 

 

3.2 Wind Energy 
Wind power is the conversion of wind energy into a useful form of energy, such as using wind turbines 

to produce electrical power, windmills for mechanical power, windpumps for water pumping or drainage, or 

sails to propel ships.Wind power is very consistent from year to year but has significant variation over shorter 

time scales. Unlike fueled generating plants, the capacity factor is affected by several parameters, including the 

variability of the wind at the site and the size of the generator relative to the turbine's swept area. A small 

generator would be cheaper and achieve a higher capacity factor but would produce less electricity (and thus 

less profit) in high winds. Conversely, a large generator would cost more but generate little extra power and, 

depending on the type, may stall out at low wind speed. Thus an optimum capacity factor of around 40–50% 

would be aimed for[11,12]. 

Solar power tends to be complementary to wind[13]. On daily to weekly timescales, high pressure 

areas tend to bring clear skies and low surface winds, whereas low pressure areas tend to be windier and 
cloudier. On seasonal timescales, solar energy peaks in summer, whereas in many areas wind energy is lower in 

summer and higher in winter[11,13]. Thus the intermittencies of wind and solar power tend to cancel each other. 

Wind power is capital intensive, but has no fuel costs [14]. The price of wind power is therefore much 

more stable than the volatile prices of fossil fuel sources [14]. The marginal cost of wind energy once a plant is 

constructed is usually less than 1-cent per kW·h[12]. This cost has additionally reduced as wind turbine 

technology hasimproved. There are now longer and lighter wind turbine blades, improvements in turbine 

performance and increased power generation efficiency. Also, wind project capital and maintenance costs have 
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continued to decline[13]. Small-scale wind power is the name given to wind generation systems with the 

capacity to produce up to 50 kW of electrical power[13,15]. Isolated communities that may otherwise rely on 

diesel generators may use wind turbines as an alternative. Individuals may purchase these systems to reduce or 

eliminate their dependence on grid electricity for economic reasons, or to reduce their carbon footprint. Wind 

turbines have been used for household electricity generation in conjunction with battery storage over many 

decades in remote areas [13,14]. Recent examples of small-scale wind power projects in an urban setting can be 

found in New York City, where, since 2009, a number of building projects have capped their roofs with Gorlov-
type helical wind turbines. Although the energy they generate is small compared to the buildings' overall 

consumption, they help to reinforce the building's 'green' credentials in ways that "showing people your high-

tech boiler" cannot, with some of the projects also receiving the direct support of the New York State Energy 

Research and Development Authority [11]. 

Grid-connected domestic wind turbines may use grid energy storage, thus replacing purchased 

electricity with locally produced power when available. The surplus power produced by domestic micro-

generators can, in some jurisdictions, be fed into the network and sold to the utility company, producing a retail 

credit for the 

Micro-generators' owners to offset their energy costs[11,13]. Off-grid system users can either adapt to 

intermittent power or use batteries, photovoltaic or diesel systems to supplement the wind turbine. Equipment 

such as parking meters, traffic warning signs,street lighting, or wireless Internet gateways may be powered by a 
small wind turbine, possibly combined with a photovoltaic system, that charges a small battery replacing the 

need for a connection to the power grid[14,15]. A Carbon Trust study into the potential of small-scale wind 

energy in the UK, published in 2010, found that small wind turbines could provide up to 1.5 terawatt hours 

(TW·h) per year of electricity (0.4% of total UK electricity consumption), saving 0.6 million tons of carbon 

dioxide (Mt CO2) emission savings. This is based on the assumption that 10% of households would install 

turbines at costs competitive with grid electricity, around 12 pence (US 19 cents) a kW·h[13,15]. A report 

prepared for the UK's government-sponsored Energy Saving Trust in 2006, found that home power generators 

of various kinds could provide 30 to 40% of the country's electricityneeds by 2050[14,15]. Compared to the 

environmental impact of traditional energy sources, the environmental impact of wind power is relatively minor 

in terms of pollution. Wind power consumes no fuel, and emits no air pollution, unlike fossil fuel power 

sources. The energy consumedto manufacture and transport the materials used to build a wind power plant is 

equal to the new energy produced by the plant within a few months. While a wind farm may cover a large area 
of land, many land uses such as agriculture are compatible, with only small areas of turbine foundations and 

infrastructure made unavailable for use[11,13,15]. 

 

3.3 Geothermal Energy 

Geothermal energyis thermal energy generated and stored in the Earth. Thermal energy is the energy 

that determines the temperature of matter. The geothermal energy of the Earth's crust originates from the 

original formation of the planet (20%) and from radioactive decay of minerals (80%) [16,17]. The geothermal 

gradient, which is the difference in temperature between the core of the planet and its surface, drives a 

continuous conduction of thermal energy in the form of heat from the core to the surface.Earth's internal heat is 

thermal energy generated from radioactive decay and continual heat loss from Earth's formation[18]. 

Temperatures at the core–mantle boundary may reach over 4000 °C (7,200 °F)[3]. The high temperature and 
pressure in Earth's interiorcause some rock to melt and solid mantle to behave plastically, resulting in portions 

of mantle convecting upward since it is lighter than the surrounding rock. Rock and water is heated in the crust, 

sometimes up to 370 °C (700 °F) [16,18]. From hot springs, geothermal energy has been used for bathing since 

Paleolithic times and for space heating since ancient Roman times, but it is now better known for electricity 

generation. 

Worldwide, 11,400 megawatts (MW) of geothermal power is online in 24 countries in 2012[19]. An 

additional 28 gigawatts of direct geothermal heating capacity is installed for district heating, space heating, spas, 

industrial processes, desalination and agriculturalapplications in 2010[20]. Geothermal power is cost effective, 

reliable, sustainable, andenvironmentally friendly[16,19], but has historically been limited to areas near tectonic 

plate boundaries. Recent technological advances have dramatically expanded the range and size of viable 

resources, especially for applications such as home heating, opening a potential for widespread exploitation. 
Geothermal wells release greenhouse gases trapped deep within the earth, but these emissions are much lower 

per energy unit than those of fossil fuels. As a result, geothermal power has the potential to help mitigate global 

warming if widely deployed in place of fossil fuels. 

The Earth's geothermal resources are theoretically more than adequate to supply humanity's energy 

needs, but only a very small fraction may be profitably exploited. Drilling and exploration for deep resources is 

very expensive. Forecasts for the future of geothermal power depend on assumptions about technology, energy 

prices, subsidies, and interest rates. Pilot programs like EWEB's customer opt in Green Power Program [20] 
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show that customers would be willing to pay a little more for a renewable energy source like geothermal.The 

thermal efficiency of geothermal electric plants is low, around 10–23%, because geothermal fluids do not reach 

the high temperatures of steam from boilers. The laws of thermodynamics limits the efficiency of heat engines 

in extracting useful energy. Exhaust heat is wasted, unless it can be used directly and locally, for example in 

greenhouses, timber mills, and district heating. System efficiency does not materially affect operational costs as 

it would for plants that use fuel, but it does affect return on the capital used to build the plant. In order to 

produce more energy than the pumpsconsume, electricity generation requires relatively hot fields and 
specialized heat cycles [21]. Because geothermal power does not rely on variable sources of energy, unlike, for 

example, wind or solar, its capacity factor can be quite large – up to 96% has been demonstrated[16,19]. The 

global average was 73% in 2005.Geothermal power requires no fuel (except for pumps), and is therefore 

immune to fuel cost fluctuations. However, capital costs are significant. Drilling accounts for over half the costs, 

and exploration of deep resources entails significant risks. A typical well doublet (extraction and injection wells) 

in Nevada can support 4.5 megawatts (MW) and costs about $10 million to drill, with a 20% failure rate[17]. 

Geothermal power is considered to be renewable because any projected heat extraction is small 

compared to the Earth's heat content. The Earth has an internal heat content of 1031 joules (3·1015 TW·hr)[22]. 

About 20% of this is residual heat from planetaryaccretion, and the remainder is attributed to higher radioactive 

decay rates that existed in the past [20,21]. Natural heat flows are not in equilibrium, and the planet is slowly 

cooling down on geologic timescales. Human extraction taps a minute fraction of the natural outflow, often 
without accelerating it. Geothermal power is also considered to be sustainable thanks to its power to sustain the 

Earth’s intricate ecosystems. By usinggeothermal sources of energy present generations of humans will not 

endanger the capability of future generations to use their own resources to the same amount that those energy 

sources are presently used. Further, due to its low emissions geothermal energy is considered to have excellent 

potential for mitigation of global warming[19,21]. 

 

3.4Small hydro power(SHP) 

Small hydrois the development of hydroelectric power on a scale serving a small community or 

industrial plant. The definition of a small hydro project varies but a generating capacity of up to 10 megawatts 

(MW) is generally accepted as the upper limit of what can be termed small hydro.This may be stretched up to 30 

MW in the United States, and 50 MW in Canada [1,3]. In contrast many hydroelectric projects are of enormous 

size, such as the generating plant at the Hoover Dam of 2,074 MW or the vast multiple projects of the Tennessee 
Valley Authority. Small hydro can be further subdivided into mini hydro, usually defined as less than 1,000 kW, 

and micro hydro which is less than 100 kW. Micro hydro is usually the application of hydroelectric power sized 

for smaller communities, single families or small enterprise. Small hydro plants may be connected to 

conventional electrical distribution networks as a source of low-cost renewable energy. Alternatively, small 

hydro projects may be built in isolated areas that would be uneconomic to serve from a network, or in areas 

where there is no national electrical distribution network. Since small hydro projects usually have minimal 

reservoirs and civil construction work, they are seen as having a relatively low environmental impact compared 

to large hydro [3,5,23].This decreased environmental impact depends strongly on the balance between stream 

flow and power production. One tool that helps evaluate this issue is the Flow Duration Curve or FDC. The 

FDC is a Pareto curve of a stream's daily flow rate vs. frequency [24]. Reductions of diversion help the river's 

ecosystem, but reduce the hydro system's Return on Investment(ROI).  
Small hydro is often developed using existing dams or through development of new dams whose 

primary purpose is river and lake water-level control, or irrigation. Occasionally old, abandoned hydro sites may 

be purchased and re-developed, sometimes salvaging substantialparts of the installation such as penstocks and 

turbines, or sometimes just re-using the water rights associated with an abandoned site. Either of these cost 

saving advantages can make the ROI for a small hydro site well worth the use of existing site infrastructure & 

water rights. Since small hydro projects usually have minimal environmental and licensing procedures, and 

since the equipment is usually in serial production, standardized and simplified, and since the civil works 

construction is also small, small hydro projects may be developed very rapidly [25,26]. The physically small 

size of equipment makes it easier to transport to remote areas without good road or rail access.Hydropower, 

under the right circumstances, can be one of the most reliable andcost-effective renewable energy sources. SHP 

installations commonly last without the need formajor replacement costs for 30+ years. Within the limits of 
water resources available,SHP installations are characterized by reliability and flexibility of operation,including 

fast start-up and shut-down in response to rapid demand changes. SHPelectricity can be tailored to the needs of 

the end-use market, avoiding balanceand power reliability concerns[3,24,27].One major shortcoming of SHP is 

the seasonal variation of water especially during the dry season-it may stop or lower down due to low water in 

the river. 
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3.5 Solar Energy 

 Solar energy is the conversion of sunlight into electricity, either directly using photovoltaic (PV), or 

indirectly using concentrated solar power (CSP). Concentrated solar power systems use lenses or mirrors and 

tracking systems to focus a large area of sunlight into a small beam. Photo-voltaic convert light into electric 

current using the photovoltaic effect[3,28]. Photo-voltaic were initially, and still are, used to power small 

andmedium-sized applications, from the calculator powered by a single solar cell to off-grid homes powered by 

a photovoltaic array. They are an important and relatively inexpensive source of electrical energy where grid 
power is inconvenient, unreasonably expensive to connect, or simply unavailable. However, as the cost of solar 

electricity is falling, solar power is also increasingly being used even in grid-connected situations as a way to 

feed low-carbon energy into the grid [29].Concentrating Solar Power (CSP) systems use lenses or mirrors and 

tracking systems to focus a large area of sunlight into a small beam. The concentrated heat is then used as a heat 

source for a conventional power plant. A wide range of concentrating technologies exists: the most developed 

are the parabolic trough, the concentrating linear fresnel reflector, the Stirling dish and the solar power tower. 

Various techniques are used to track the sun and focus light. In all of these systems a working fluid is heated by 

the concentrated sunlight, and is then used for power generation or energy storage[29,30]. Thermal storage 

efficiently allows up to 24 hourelectricity generation[27,30]. Solar photovoltaic technology is one of the first 

among several renewable energy technologies that have been adopted worldwide for meeting the basic needs of 

electricity particularly in remote areas [31].The ongoing use of PV technologies in space, their present-day cost 
and performance will make them suitable for many grid-isolated and even grid connected applications in both 

developed and developing parts of the world.Nowadays, the cost of PV system has been reduced to a relatively 

low level [30,32]. However, the stochastic nature of solar PV is still a major setback in maintaining a continuous 

supply during raining season. 

 

IV.Integrated System Concepts 
The objective of this concept is to supply the basic needs of the rural populace in the most economic 

and appropriate manner. In other words, the available resources and the energy conversion devices should be 

matched to the basic needs to achieve an improvement in the living environment in rural areas. Various 
technologies and techniques can be used to harness available renewable energy sources. The two approaches, 

integrated and hybrid systems,are subsequentlydiscussed below. 

 

4.1Integrated Renewable Energy System (IRES) 

Since different energy needs require different forms and quality, utilization of locally renewable energy 

resources on end use technologies are made possible at the grassroots’ levels to satisfy a variety of needs. 

However, this approach requires a careful and strategic planning for matching needs and available resources to 

maximize benefits and end use efficiencies. IRES has the potential to aggregate benefits resulting from the 

combination of renewable energy, energy efficiency and energy conservation [33,34].It can be seen in Fig.1, 

where various means of supplying the basic energy needs of a typical rural village is combined with the aim of 

maximizing the economic benefits. The biogas can be used to supply directly the gas needed for cooking and 

internal combustion engine while the solar collectors through the inverter can be converted to electricity. 
Exploration of the available run-of-river type of small hydropower or micro-hydropower depending on the head 

and flow rate,can be used for generate electricity and this can be re-cycled to supply drinking water through the 

treatment plant and if need arises, the irrigation schemes. 

Integrated approach is suitable in rural areas where biomass is in abundance and solar, wind and hydro 

may be sparsely available depending on the terrain and other geographical factors.Integrated use of renewable 

energy sources will help overcome weakness of one resource by the strength of the other in some aspects. This 

will also provide job opportunities and upgrades socio-economic conditions of rural communities. 
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Figure 1: Schematic diagram of a typical rural energy supply. 

 

4.1.1Development of Economic Cost Function 

The availability of renewable power depends upon the resources potential and size of the system. The 

sizing for integrated renewable energy systems (IRES) depends on the uses of the system (load on the system) 

and the tariffs available from the local utility [35].Renewable energy systems are, in general, characterized by 

high capital costs, low Operation and Maintenance (O&M) costs, and zero fuels cost except biomass. The unit 

cost of energy generated by a non-burning fuel renewable energy system is obtained by considering the capital 

recovery cost and operation and maintenance cost. It has been computed by [35], using the following 

expression: 

 

C =  
r 1 + r n

 1 + r n − 1
  

P

87.6k
 +  O&M …… . .                    1 

 

 

Where C is Cost of Energy, n is Amortization period (in years), O & M is Operation and Maintenance 

cost, P is Capital cost, r is Fixed annual interest and k, Annual capacity factor,is 

 
𝐸𝑛𝑒𝑟𝑔𝑦𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑𝑖𝑛𝑘𝑊/𝑦𝑒𝑎𝑟

 𝑆𝑦𝑠𝑡𝑒𝑚𝑟𝑎𝑡𝑖𝑛𝑔𝑖𝑛𝑘𝑊  8760/𝑦𝑒𝑎𝑟 
…………… .                      2 

 

In case of biomass gasification, the cost of biomass and Diesel fuel is to be added as (0.3413 f/n) to theequation 

(2) and can be written as: 

 

 

𝐶 =  
𝑟 1 + 𝑟 𝑛

 1 + 𝑟 𝑛 − 1
  

𝑃

87.6𝑘
  𝑂&𝑀 +

0.3413𝑓

𝑛
……… .                              3 

 

 

Where f is Fuel cost in £s. per million Btu at thegeneration site, and η is Overall efficiency of theplant. 

 

4.1.2 Design considerations of IRES 

One of the major challenges faced by designers of IRES is the stochastic and site specific nature along 

with its attendant different types and qualities of energy demand.There is need to minimize the capital cost of 
the project due to the high cost of the hardware, especially for developing countries where poverty is 

predominant. Also,there is need for interaction among different technologies and the alternate uses of 

resources.The designer needs to be able to evaluate the quality and quantity of energy needs on   the available 

renewable energy resources available in a particular area in order to optimize the design.Where the available 

total resources are in short supply,he/she must be able to choose the most urgent according to the priority so as 

to satisfy the need of so many[36]. 

 

4.2 Hybrid Renewable Energy System (HRES) 

Hybrid renewable energy system (HRES) combines two or more energy resources and these resources 

are converted to one form of energy, typically electrical (DC or AC) for aggregation and distribution to 

customers [36]. These systems use different energy generators in combination, by this maintaining a stable 
energy supply in times of shortages of one of the energy resources. It has good potential for economic 
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development [36,40].Technically, appropriate maintenance structures are the main aspects to be considered, 

requiring the establishment of maintenance Centre’s. It is therefore recommendable to apply hybrid systems in 

areas with a significant number of villages, which are to be electrified with these systems, in order to improve 

financial sustainability of these maintenance Centre’s. A few examples of HRES are PV/wind electric system, 

wind/diesel generator system, wind/PV/fuel cell hybrid system, biomass/wind/fuel cell system etc. Most of the 

hybrid systems use diesel generator as a backup generator.  Hybrid power systems   can offer solutions and 

value to customers that individual technologies cannot match. Low end-use efficiency and high capital cost of 
HRES make it unsuitable for implementation in rural areas[40]. 

 

4.2.1 Design considerations for Small Hydropower/PV hybrid energy system for a typical rural 

Community 

Small hydropower plants installed in most rivers cannot meet the load demand of the 

villagesthroughout the year due to the seasonal variation of the water level which reduces the head and 

decreased flow rate especially during the dry season.A photovoltaic (PV) system with battery is a suitable option 

to complement the electricity gap [1,3].Nigeria is naturally blessed with a very good level of solar irradiation 

and adequate hydro potential in a number of locations. 

In order to design and analyze a small hydro/PV hybrid system, a typical data for power consumption, 

hydrology and meteorological data are necessary. Sizing of stand-alone small hydro/PV hybrid system is an 
important part of its design. Since the capital equipment cost is the major component of the price of the 

electricity, oversizing the plant will have detrimental effect on the pricing of the generated power. Under sizing 

the system, on the other hand reduces the supply reliability.The sizing of the system requires knowledge of the 

load profile, the solar and water resources and the importance of supply continuity [27,31]. 

 

4.3. Small hydro power (SHP) 

 The first thing to do before embarking on SHP on rivers, there is need to do a thorough feasibility study 

to ensure that  water are  available for generation of electricity.The hydraulic power available from a river is 

related tothe head, flow rate,and the force of gravity as given by equation 4[33]. 

 Hydraulic power =𝜌 ∗ 𝑄 ∗ 𝑔 ∗ 𝐻𝑔……………… .                 4       
The electric power in kW is given as in equation 5 

 Electric power (k W) =Hydraulic power ∗ 𝑒 = 𝜌 ∗ 𝑄 ∗ 𝑔 ∗ 𝐻𝑔 ∗ 𝑒…………              5 

𝜌𝑤𝑎𝑡𝑒𝑟𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (1
𝑘𝑔

𝑚3 
𝑎𝑡𝐶0) 

𝑄𝐹𝑙𝑜𝑤𝑟𝑎𝑡𝑒, 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦𝑜𝑓𝑤𝑎𝑡𝑒𝑟𝑓𝑙𝑜𝑤𝑖𝑛𝑔𝑖𝑛𝑡𝑜𝑡𝑢𝑟𝑏𝑖𝑛𝑒 (
𝑚3

𝑠𝑒𝑐𝑜𝑛𝑑
) 

𝑔𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (9.81𝑚/𝑠2 

𝐻𝑔𝑔𝑟𝑜𝑠𝑠𝑒𝑎𝑑𝑖𝑛𝑚𝑒𝑡𝑟𝑒𝑠 

𝑒𝑠𝑦𝑠𝑡𝑒𝑚𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦, 𝑓𝑎𝑐𝑡𝑜𝑟 , 𝑡𝑢𝑟𝑏𝑖𝑛𝑒𝑎𝑛𝑑𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 (0.5 − 0.7) 

 Technical considerations should be given to maintaining a steady flow of atintake, proper placement of 
power house, and optimal choice of turbine and generator based on the current technological trends. The 

average annual energy should be estimated in order to calculate the estimated hydro energy cost (Naira/k W 

h).This cost will be compared with the cost of alternative sources of power such as solar,wind and utility supply 

[26,28].In a typical rural community,Oye,Nigeria, where a SHP plant is to be installed,the present  population of 

the community is 7240 with about 750 households at an average of 10 persons per household.The estimated 

generated power from SHP using equation 4 with an average flow rate of 12.5m3/s and a net head of 22.5m, 

system efficiency is 0.7 

Phydro=0.7x9810x12.5m3/s x 22.5=1.83MW 

The load demand of the community was estimated to be 2.0MW.It is obvious that the SHP cannot meet 

the load demand and may not be able to guarantee energy security all the time especially during dry season. 

 

4.4.Photovoltaic (PV) 

The major components for solar PV system are solar charger controller, inverter,battery bank,auxiliary 

energy sources and appliances.Correct meteorological measurement through data collection as well as direct 

observation of solar radiation should be done.Lowest monthly inclined solar energy should be used as the basis 

for the design [3,26]. 

According to reference [25], the I.V. characteristics equation of a PV cell is given by equation 6 

𝐼 = 𝐼𝑙 − 𝐼𝑠  𝑒
𝑞∗𝑣

𝑘∗𝑇 − 1 ……………… . .                 6 

The maximum power provided by an ideal PV cell characteristic can be expressed as in equation 7 

𝑃𝑚𝑎𝑥 = 𝐼𝑠𝑐 ∗ 𝑉𝑜𝑐 ……………… . .                                             7 
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Open –circuit voltage of a PV cell is determined by setting I =0 in the I-V characteristic and it is given as in 

equation 8 

Voc = k ∗
T

q
∗ ln  1 +

Il

Is

 ≅ k ∗
T

q
∗ ln  

Il

Is

 …………… . .                      8 

A fill factor which is a measure of the quality of the cell,should be multiplied by Pmax .Hence the 

maximum power from a cell expresses is as inequation 9 

Pmax = Fillfactor ∗ Isc ∗ Voc …………… . .                                 9 

kBoltzmanconstant (1.38047X10−23 JK)qelectroniccharge(1.60210X10−19C 

T                   273. +tc isabsolutegivenasfunctionofthetemperatureinC 

vvoltageacrosssthePVcell 
Isreversesaturatedcurrentofthediode, typically100pAforSiliconcell 

Ilcellcurrentduetophotons 
The capacity calculation for the solar power is given by [14, 17] as in equation 10 

Psolar = AreapersqftXWattspersqft…………… . .                          10 
Considering an area of (100ftx100ft) and assuming that the solar panel will produce about 9watts per square foot 

of area.The generated power from the solar can be calculated as  

Psolar = 100x100x9 = 0.09MW 
So the total expected power from the proposed a SHP/Solar PV hybrid system is  

Ptotal = Psolar + Phydro ……………… . .                                11 

                               =1.93+0.09=2.02MW 

 

 
 

The PV   array is connected to the dc bus through a controller/rectifier with a battery acting as a back 

up to store the excess energy. The SHP was connected to the ac bus through a controller. The bi-directional 

inverter acts as an inter switched between the ac-dc buses. Figure 2 shows a typical diagram of small 

hydropower/PV hybrid system for rural electrification. 

 

V. Energy Storage 
Electrical energy can be stored in batteries to provide for emergency cases such as in communications 

and educational equipment. The stochastic nature of renewable energy sources makes it so important for the use 
of appropriate storage and reconversion systems. Energy storage systems capable of smoothing out load 

fluctuations, making up for diurnal and seasonal variation in renewable energy sources and reacting to fast 

transient power quality needs contribute to efficient energy management of power systems [2,27]. 

 

VI. Roles of Educational Institutions 
If renewable energy is to have meaningful impacts,the personnel that is well trained in renewable 

energy technologies must be on ground for maintenance and even manufacture some of the few components for 

a sustainable energy system. Local educational institutions can be of tremendous assistance in this regards, by 

training personnel in their region to perform such jobs. 
 Educational institutions in developing countries can collaborate with their counterparts in the 

developed countries to assist them in the establishment of research centers with library, laboratory, and testing 

facilities where technological innovations can germinate and grow. They can also establish international training 

centers to bring scientists and engineers from various developing countries for short periods of time for 

intensive workshops and training. The ensuing multiplier effect in their own countries should lead to the buildup 

of an indigenous cadre of well qualified and trained people to shoulder responsibilities in this area [14,15]. 

There is also the need to develop the interest of the students at a very early stage of their studies even at the 
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primary and secondary school levels. Graduate students should also be tailored towards making more research 

and discoveries towards solving the problems posed by renewable energy technologies.Periodic short courses 

and workshops should be offered on various aspects of renewable energy sources aimed at motivating scientists, 

practicing engineers, industrialists, and entrepreneurs and some of the programs may even be designed for 

educating the general public on the beneficial impacts of the utilization of renewable energy resources.  

 

VII. Conclusion 
Energization involves harnessing all possible available renewable resources in a way such that several 

forms of energy of different quality and characteristics provide a variety of energy. The key to implementing 

such system is to match energy needs with resources to maximize end-use efficiency.There is need for joint 

efforts between the communities, educational institutions and the government in the developing countries to 

actively involve themselves in the successful introduction of renewable energy technologies in the rural areas 

for the overall benefit of its entire citizenry.  

Rural electrification is not the ideal solution in remote areas. Providing energy needs in various forms 

to match the needs allows the end users to benefit from such system. Integrated use of renewable energy sources 

will help overcome weakness of one resource by the strength of the other in some aspects. This will also provide 
job opportunities and upgrades socio-economic conditions of rural communities. 
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