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Abstract: The increase in scarcity and inadequate energy supply, in Nigeria, has led to towards looking for alternative source of portable and sustainable energy supply. As a result of this, renewable energy, has been used, to ensure consistent water supply mostly in remote areas.  
The generation, transmission and distribution, as related to hydro engineering technology, about 12 towns in Udi Local Government, Enugu, Nigeria , recently are the beneficiaries of the recent renewable energy project, on rehabilitation and construction of motorised solar boreholes, street lights etc. through the Federal Government Sustainable Development Goal (SDG). The recent technique on Renewable Solar Inverter (RSI) with accessories, were introduced to enhance and sustain most of the rehabilitated boreholes, with appropriate solar panel of about 200 watts each, on any existing submersible pump, while Grundfos SQ Flex 2.5 - 2 solar powered submersible pump with accessories were much relevant in construction 0f new water scheme project, in line with recommendations. Other necessary pre drilling and post drilling exercise were implemented, to confirm the Aquifer test.

The recent technology in renewable energy has enhanced and sustained, water management system, mostly in the rural and urban cities in Nigeria.
Keywords: Aquifer, Hydro engineering, Nigeria, Solar, SQ Flex. 

Introduction
The term “Renewable energy” covers all forms of energy generated from natural resources such as sunlight, wind, water (or hydro power), tide, geothermal heat, bio mass and bio fuels. They are derived from natural processes that are constantly replenished and each of them has characteristics that determine where and how they are used. Several renewable energy projects in many countries have shown clearly that renewable energy can directly contribute to poverty alleviation by providing a substantial amount of energy needed for creating businesses and employment especially in rural communities that have not yet been connected to the National grid (Federal Ministry of Environment, 2013). Several renewable energy technologies are presently being used to supply energy for cooking, space heating, lighting, automobiles, etc. The combination of energy efficiency, conservation, and renewable energy resources, should allow Nigeria to meet any future increase in demand without increasing its reliance on non-renewable resources (Federal Ministry of Environment, 2013). Solar energy can be seen as the anchor behind various forms of renewable energy. It anchors hydro power where the hydrological cycle is being controlled by the sun as well as Wind Power where the movement of air is due to the heating effect of the sun on the atmosphere. In general, heat, kinetic energy, electrical energy and chemical energy can be provided via solar energy conversion (Tyagi et al., 2013). In theory, solar energy can be perceived as an ideal energy source, because it is free and virtually limitless.

However the technological barriers with regards to its collection, distribution and storage are much. Solar energy forms the basis or acts as the source of all other forms of energy on earth. Hence with the increase in intensity of solar radiation reaching the earth, it is paramount that this invaluable resource be put into adequate and efficient use in various areas of life. Solar energy utilization takes its root in the early ages, when solar energy (sun) was used as a clock, as a compass, for preservation of food etc. In this modern age we have simply improved upon the findings of the old to get greater value, efficiency and time saving. To this end solar energy is ever growing and ever   expanding in its utilization. According to recent reports, the current photovoltaic (PV) cells installations are still inadequate, providing only 0.1% of world total electricity generation, even though PV cells installations are growing at 40% average annual rate (Tyagi et al., 2013). It has been predicted that PV cells will deliver about 345GW (around 4% of world total energy) by 2020 and 1081GW by the year 2030 (Tyagi et al., 2013). In Germany, PV produced 27.6TWh, while Wind produced 46TWh in 2012 (Bayar, 2013). Renewables in total accounted for 21.9 per cent of Germany’s energy mix in 2012 out of which 4.6 per cent of total electricity production (which is a 47 per cent rise from the previous year) was from PV, 7.3 per cent was from Wind, biomass accounted for 5.8 percent and hydropower made up 3.3 per cent (Bayar, 2013).Germany presently leads the world in the number of PV installations (Tyagi et al., 2013). This feat has been achieved because they have developed and pursued their renewable energy generation and utilization plan which has helped largely in solving their energy demand issues. Nigeria needs to also look into our renewable energy potentials and begin on a journey to harness them as a supplement to other conventional energy sources. This Solar energy potential and its development for sustainable energy many paper presents a plan to develop the capacity to harness our solar energy potential, showing pragmatic steps that Nigeria can follow to begin in this direction.
 Description of study area

Udi Local Government Area Council is one of the 17 Area Councils in Enugu State, South-East, Nigeria and it has two main political districts namely Udi north and Udi south. It spreads over an area of about 897km², with its population of about 234,002. (Constituency Information, Sen.Ike Ekweremadu. CFR. 2013). with its boundary in the North: Igboetiti, L.G.A. South: Oji river L.G.A. East: Enugu L.G.A, West: Ezeagu L.G.A. (Fig 1).Topographically, Udi shows two types of landforms, which consist of a high relief zone with undulating residual hills, valleys and lowland areas. Udi local government area lies between longitudes 70 9’E and 70 28’E and latitudes 70 9’E and 70 28’E, in Enugu state, south eastern Nigeria (Fig 1). with climatic conditions such as rainy season (March-October) and dry season (October-February). Two distinct vegetative regions exist in the study area: the Savannah in the Northern part of the study area, and tropical rainforests in the southern parts. More than 70% of the inhabitants of Ngbo engage in economic activities such as subsistent agriculture, petty trading, hunting and fishing (A.C. Umeji, Personal Communication, 2005).Fig.1 shows a map of the study area with the site locations identified.
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FIG 1: SHOWING DESCRIPTION OF STUDY AREA, UDI LOCAL GOVERNMENT AREA ENUGU NIGERIA.
Materials and Method
Nigeria, having a land mass of 923,768sq.km, is situated in the West African region and lies between longitudes 3 degrees and 14 degrees and latitudes 4 degrees and 140 degrees (Nigeria Embassy, 2013). Nigeria receives abundant sunshine all the year round being just above the equator. The sunshine duration averages 6.5 hours daily with an average flux of 5.55 kWh per square meter per day. This implies that Nigeria receives 4.851x 1012 kWh of energy per day from the sun. The solar radiation intensities range from 3.5-7.0 kWh per square meter per day increasing from the South to the North (Oseni, 2012). This energy source could be available for 26% of the day (9.00am-4.00pm). These facts and figures regarding Nigeria’s geographical location clearly indicate that the potential to generate significant amount of electrical energy from solar energy is very high for Nigeria. However, very little has been done in this direction as the government is yet to take pragmatic steps towards developing and implementing policies and plans that will serve as a base line on which solar energy utilization in Nigeria can thrive.

The water production of Renewable Solar Inverter (RSI) system, is designed for continous as well as intermittent operation. The system is especially suitable for supplying water in villages, schools, hospitals et. Its application depends on the availability of solar power. The result is excess water production in the early afternoon and insufficient in the morning and late afternoon. A system equipped with a storage water tank enables stable water supply throughout the day. The RSI system can be used in existing applications, with submerged pumps or dry installed pumps, thus providing a very wide range of applications. The only difference is that you use solar panels as the power supply. Its installation kits are Solar panel, support structure, circuit breaker, surge protection DC, Renewable solar inverter (RSI), SP pump, Cable, Submersible drop cable, Circuit breaker AC, Dry running Switch, Discharge Pipe,Water tower/tank, level Switch.
SOLAR PANEL CONNECTION IN SERIES AND PARREREL

When more voltage is needed than a single panel can provide, additional panels are connected in series. If one panel provides 12 V, two in series will provide 12 + 12 or 24 V. Three in series will provide 12 + 12 + 12 or 36 V. For every 12 V panel connected in series to other 12 V panels, the voltage will increase by another 12 V (Fig 2). The amount of amperes provided by panels in series is the same as that provided by one panel because the same electricity flows through all the panels, as they are connected in one long line. Each panel increases the electrical pressure but the flow stays the same as with one panel. As power in watts equals volts time’s amperes, the power increases as panels are added.   Parallel-connected panels when the voltage from a single panel is the amount needed when connecting multiple solar panels in a 12-48 volt off-grid system, you have a few options: parallel, series, or a combination of the two. In this article, we’ll give you the basics on wiring solar panels in parallel and in series. Let’s start off with a quick comparison of parallel circuits and series circuits. Parallel circuits have multiple paths for the current to move along. If an item in the circuit is broken, current will continue to move along the other paths, while ignoring the broken one. This type of circuit is used for most household electrical wiring. For example: when you turn off your TV, it doesn’t also turn off your lights.
When wiring solar panels in parallel, the amperage (current) is additive, but the voltage remains the same. e.g. If you had 4 solar panels in parallel and each was rated at 12 volts and 5 amps, the entire array would be 12 volts and 20 amps. (Fig 3)
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Fig 2. FOUR PANELS WIRED IN SERIES  Fig 3. PANELS WIRED IN PARALLEL.

RESULTS AND DISCUSSION

Solar energy utilization for generating electricity no doubt has several advantages which include: low operational and maintenance cost, a very high meantime between failures of about 20-30 years, noiseless and no moving parts during operation, availability of PV panels in different sizes or modules over a wide range of power rating, perceived environmental friendly nature with respect to release of greenhouse gases, global warming, ozone layer depletion, etc. However several issues arise in generating electricity from solar energy. These issues include:

Long Energy Pay-Back Time

Sherwani et al. (2010) carried out a review of the life cycle assessment of solar PV based electricity generation systems. According to their findings, the variation in the energy pay-back time (EPBT) and green house gas (GHG) emissions have been dependent upon many factors, such as the type of solar cell, solar panel orientation and angle, irradiation of the location, difference installation (integrated or non-integrated systems as well as facade, flat roof and solar roof tiles), efficiency of the Balance of system (BOS) components, size (capacity) of the system, lifetime of the system and the electricity mix of that particular country and year of study. The main issue that arises from this is that EPBT influences the decision of investors to invest in electrical energy generation using PV panels. If investors perceive the EPBT in solar PV based electricity generation systems to be too long, they may decide to seek for alternative investments which will hinder the growth of the Solar PV electricity generation Industry. It is therefore necessary that the energy pay-back time of solar PV based electricity generation systems be reduced considerable through continuous improvements in designs to facilitate production of PV cells that are cheaper and yet have higher efficiencies.

High Up Frontal Capital Cost.

Another major down side of solar energy utilization in generating electricity is the high up frontal capital cost compared to its conventional energy alternatives (Chigbo,2010). The general perception is that this technology is not yet mature hence it is only suited for particular markets and even then will require heavy subsidy to make it viable. This is quite erroneous to some degree as many countries such as Germany, the United States and China have succeeded with their solar energy utilization plans and are already enjoying the numerous dividends (Tyagi et al., 2013). Solar voltages have been powering space modules since the beginning of space programme and talking about the cost, the high up frontal capital cost can be handled by letting Giant companies and Governments play a part in the programme by bringing in the much needed up front capital and recouping their investment over time.

Ignorance of the Benefits of the Technology

Another serious setback to the solar energy program is ignorance of the benefits of this technology. Awareness of the opportunities offered by solar energy and its technology is low among members of the public and private sector stakeholders. This lack of information and awareness creates a market distortion that results in higher risk perception for potential renewable energy projects. According to Kok et al. (2011), energy conservation interventions have frequently failed because they often did not take the full range of significant influences on human behavior, into account. There is therefore a need form dissemination of information on solar energy resource availability, benefits and opportunities to the general public in order to raise public awareness and generate activities in the sector. Kenya has taken giant steps in the number of solar power systems installed per capital (but not the number of watts added). More than 30,000 very small solar panels are sold in Kenya annually, as more Kenyans adopt solar power every year than they make connections to local grid.

Requirement of Large Expanse of Land.
Another major issue in the use of solar PV panels is the large expanse of land required for their installation. Clearly, moving to solar energy as a major energy producer would mean an enormous reallocation of land and resource use. However with the continuous improvement in PV efficiencies, the required space per Kwh of electricity generated will continue to be on the decrease.

Low efficiencies of PV panels.

Low efficiency of PV panels is another draw draw-back presently limiting the widespread diffusion and usage of PV cells in generating electricity. PV panel efficiencies must be increased to establish their acceptance in the energy market. Table 1 shows some materials used for making PV panels and their efficiencies. It can be seen from the table that GaAs cells which uses multi-junction cells have the highest efficiencies so far. It is believed that exploiting the multi junction technology will provide the future PV panels with higher efficiencies. PV panel efficiencies and output power decreases due to increase in temperatures hence the need to provide cooling at high illumination conditions. Dust and humidity also reduce the efficiencies of solar PV cells to lower values.

Table I: PV panel materials and their efficiencies

	PV panel material
	Present Average Efficiency 
	Remark

	Monocrystalline Silicon Solar Cell
	28
	Available Commercially

	Polycrystalline Solar Cell
	19.8
	Commercial efficiencies are about between 12 and 15

	GaAs cell (Often mixed with other metals as alloys)
	40.7
	Highest efficiency so far

	Dye-sensitized organic base cells 
	5.4
	Lowest efficiency

	Thin film technology
	19.9
	Available commercially

	Hot carrier solar cells
	66
	Has never been commercialized but remains an experimental technology due to lack of suitable material that can decrease carrier cooling rates


CONCLUSION

In this paper, the author have shown Nigeria’s solar energy potential and proceeded to consider the issues surrounding their deployment. A road map to follow showing pragmatic steps that will help Nigeria to develop our solar energy potential has been presented. No doubt, several plans have been developed by several governments in Nigeria but the problem has always been with the implementation. The authors believe that beginning to tackle our renewable energy issues by taking pragmatic steps towards implementing developed plans such as the one presented in this paper will take Nigeria out of the circle of a consuming economy to a creating one.  If this plan is pursued and implemented, the following are some of the numerous benefits it will bring to Nigeria.

 Development of Nigerian made PV panels which will contribute to the Nations GDP and GNI. This will be the natural consequence since these panels will be exported and foreign exchange will flow into Nigeria’s economy. The African market will be a major target for the PV cells.

 Patenting of new Solar PV products developed in the Centre and other collaborating Institutions. As the PV

panels are being developed, other products used along with it will also be developed indigenously and both

the PV panels and these by products will bring up the number of patents registered for Nigeria.

 Human capacity building of those directly or indirectly involved with the project. This is one of the greatest advantages this plan will bring in for Nigeria.

Human capacity building of those involved directly in the project will stimulate an avalanche of technological knowhow which will be required to both develop newer technologies and maintain the existing ones.

 Emergence of PV technology clusters and hubs in Nigeria which will stimulate Industrial growth through establishment of new firms (SMEs) that produce and market Solar PV panels

 Provision of a practical platform to harness renewable energy resources in Nigeria with all the attendant

advantages it provides over fossil fuel.

 Provide Nigeria with the possibility to commercialise usage of solar/ wind energy resources and a healthy

Competition to PHCN.
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