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ABSTRACT

Nigeria is an exporting country and the electricity sector depends on gas, diesel and
hydropower sources. Currently, the hydropower has replaced gas as the main source of
energy due to climate change. Presently, the fossil fuels are expensive and limited due to
scarce generation. This resulted into a power supply shortage that created a huge gap
between the energy supply and demand. However, a new alternative energy source is
required to complement the existing shortfall in supply of electricity in the country. Solar
energy is a potential resource with huge availability for small and large-scale off-grid and grid-
connected systems to be utilized in Nigeria. However, the high cost of Photovoltaic (PV)
systems is one of the major problems identified and the current energy uses have limitations
due to climate change. It affects conventional energy, hydropower and biomass which result
to deforestation, desertification and water shortage/drought. This study focusing on
economic, policy and technical perspectives investigated the possibility of using solar PV
system to address challenges of electricity shortage and the affordability in order to meet
electricity consumption with over 180 million populations and reduce the tendency of
depending on diesel-fuel generators in the future in Nigeria. However, this study involved use
of questionnaire method for data collection to understand the population perception about
solar energy use with PV systems. The off-grid case studies were selected to determine the
electricity generation, consumption and the payback period with mono and polycrystalline
silicon PV types for the electricity generation. The RET Screen simulation software was
adopted to analyse the amount of electricity output generated and the amount of emission
reductions due to PV efficiency and accuracy. The innovative financing (PAYG) model was
used to assess energy budget to ascertain energy consumption per user against blind decision
due to cost based on the financial resource availability. The simulation results reveal more of
electricity generation with the installed PV system at angle 15° degree. The monthly bills due
toincreased energy supply from the installed off-grid PV systems reduced from the utility grid
electricity. The payback time for installed PV systems based on financial viability analysis
shows reasonable, affordable, profitable and rewarding. In addition, the electricity cost from

installed PV system generation and presently without subsidy is lower than the grid electricity



based on cost of outages. Finally, the results based on proposed grid-connected PV power

system, putting economic factor into consideration can be more feasible.

Keywords: Solar Radiation, PV technologies, Off-grid and Grid-connected applications,
Electricity generation, Economic implication, GHGs emission reduction and RET Screen

Simulation Software.
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CHAPTER 1: INTRODUCTION

Nigeria also called "The Giant of Africa” is over 180 million population with a land area of
about 923,770 Km? (FRN Commission, 2010) and blessed with abundant non- renewable and
renewable natural energy resources. Nigeria is located in the south coast of West Africa
named after River-Niger, shares a border with Benin (west), Cameroon and Chad (east) and
Niger (north). It remained a federal government after independence in 1960 with multi-
ethnic and various religious denominations. The farmland primarily located in the middle belt
and Sub-Sahel zone is largely untouched due to lack of irrigation capacity (ECN, 2006). The
total cultivated farmland is less than 50% with low agricultural productivity due to lack of
modernization, and mechanized farming system despite the agricultural potential (Ibitoye

and Adenikinju, 2007). Figure 1-1 represents the Nigeria geographical population distribution.
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Figure 1-1: Nigeria Map for Geographical Location and the Population Distribution (Source:
FRN, 2016 and FGN, 2010).



The economic indicators for energy productivity of the country include the total energy
consumption of about 1,259TWh/annum, the total electricity production of
19.78TWhr/annum, the electricity consumption of 18.05TWh, and the per capita energy
consumption of about 8.1 MWh. The national electricity access is 54% while rural electricity
access is 28%. The gross domestic product (GDP) is about GBP1.8 billion (US5262.6 billion)
with 7% average growth in the last three years (NBS, 2012c; Asaju and Adagba, 2013). The
energy industry support is more than GBP6.9 billion (USS1 trillion) and equivalent to 7.7% of
the U.S national economy gross domestic product (GDP) in 2012 (WEF, 2012). The gap
between energy supply and demand is significantly wide and still needs to be addressed using

renewable resources. Figure 1-2 demonstrates the interaction between man, energy and

Sustainable Development

Man

environment.

Figure 1-2: Interaction of Man, Energy and Environment for Sustainable Development.

The interaction between man, energy and environment is connected to necessities in the
modern society. Energy is a major ingredient for socio-economic growth and development
and highly associated with the environment. (Tallapragada, 2009). In today’s world, RE
technology is a current factor that facilitates sustainable development to enhance resource
efficiency. Studies found that "Sustainable development is a development to meet the needs
of the present without compromising the ability of the future generation to meet their own
needs” (Brundtland and IISD report, 2016). This has two key concepts such as essential needs
for the world's poor with limitations imposed by the state of technology and social
organization with the environmental ability to meet present and future needs (Barkemeyer

et al., 2014).



According to the 2002 World Summit on Sustainable Development for ‘People, Planet and
Prosperity’ at Johannesburg, the energy sector plays a pivotal role in achieving sustainable
development, balancing socio-economic developments and protection of the environment
from encapsulated ‘strapline’ (IEA, 2016b and 2016a). In today’s Nigeria, climate change has
a huge effect on the existing resources that have led to a scarcity of electricity supply with
lack of electricity access in remote rural areas (Chukwueyem, 2015). Solar energy application
cannot be ignored, particularly for those without grid-connection, and this can be achieved

mainly with the application of PV systems in the country (Babatope et al., 2013).

1.1 Nigeria Energy Background

The conventional methods for electricity production used in Nigeria include hydro and gas
thermal plants set up in the 1970s, and later introduced coal and oil-gas fired stations (Okoro
and Madueme, 2004). The gas production recently take over from hydro use to reduce
pollution and improve water supply, mitigate climate change issues as well as to enhance the
capacity of electricity generation (Olayinka Oyedepo, 2012 and Oseni, 2011). In Nigeria, the

enormous scarcity of energy for decades largely contributes to poverty in the country.

After the first commercial oil production between the 1950s and Mid-1980s, the country
suffered the problem of inadequate energy supply. It affected commercial activities that lead
to the collapse of the nascent manufacturing sector. For instance, the car assembly and tire
industries collapsed. The manufacturers since then have been deploying large capacity
generators for electricity supply to address the long-time electricity scarcity gap without

considering the negative effects on the environment.

The result of power outages, a financial loss which is about GBP311 million (N126 billion)
equivalent to (US$984.38 million) from the report estimates by the Council for Renewable
Energy of Nigeria (Oyedepo, 2012). The constant use of diesel generator sets is an open
exposure to the amount of carbon emissions in different household and business locations.

According to the report, the country is underdeveloped due to a high percentage of the



population living under the poverty line and more than 80% Nigerians live on less than a dollar
per day (Ball and Vlaicu, 2012). Despite the yearly growth rate of 3-7%, the majority of the
people are poor when compared to other Africa countries (Chauhan-Pole; Bloomberg, 2016).
Figure 1-3 indicates the typical power distribution line, which is part of the national grid in

Nigeria.

Figure 1-3: National utility grid-connected electricity (Source: Shewa, 2016).

In Nigeria, solar energy development has been a slow pace, compared to other countries in
the developing world. Main barriers for solar energy exploitation, include lack of political will,
weak regulatory framework, corruption, lack of commitment to funding, and incentives, high
upfront solar energy costs, purchasing power, limited research and development for solar
energy application, lack of awareness of solar systems by the people, poor operation and
maintenance of the solar systems and intermittency of solar energy systems (Sambo, 2009b).
In particular, most individuals in Nigeria cannot afford the initial cost of the solar system
without subsidies, tax exemptions as well as without other financial support/schemes from

the governments or other private organizations (Okonkwo, 2007).

1.2 Technical Perspective

Solar energy technology can ensure flexibility and long-term operational stability with high-
efficiency Photovoltaic (PV) energy system and higher-flexibility with Building Integrated PV
(BIPV) will reduce barriers to applications. According to IEEE, the installation of large-scale PV
plants has become a sustainable solution to achieve energy sufficiency mostly in the
developing countries where the economies depend on a higher level of energy importation

(IEEE, 2017). However, these technologies applied in the developing countries can be apply in



the urban and remote rural areas in Nigeria through solar energy development schemes by

the government.

1.2.1 Photovoltaic Technology and Types

Solar PV systems convert solar energy into electricity when installed in a certain location
(DOE, 2005). A typical solar PV system consists of the mounting structure, charge controller
(or dc-dc converter), and inverter for efficient performance (IEEE, 2017; Timilsina et al.,

2011). Table 1-1 represents the historical development of PV technology.

Table 1-1: Photovoltaic Historical Development

Year Name of | Energy Conversion Source
Observer
1838 Alexandre Electricity generation by chemical | (Strong and
Edmond reactions when exposed apparatus to | Scheller, 1987)
Becquerel sunlight that increased the electrical
energy produced.

1887 Heinrich Hertz | PV system for direct conversion of | (Rigden, 2005)
sunlight into electricity with Photovoltaic
effect use of semiconductor material.

1905- | Albert Einstein | This conversion explained in 1905 and

1950s the practice commenced in the 1950s.

1954 Scientists Silicon produced solar cells with 4 | (NREL, 2007);
percent conversion of direct sunlight to | (Deshmukh and
electricity and powered spaceships and | Venkataraman,
satellites at Bell Laboratories. 2006)

“Solar battery” with 6 percent PV cell | (Bernstein,
converted solar radiation into electricity | 2006)
at Bell Laboratories.




1960s PV  power generation technology | (Kurtz, 2012)
improved in demand.

Serious effort commenced when the PV
1970s panel started to provide cheaper solar
power.

(Source: NREL, 2007).

The typical PV type is the monocrystalline silicon of good efficiency (13-17%) for a single
crystal with thin layers of cells and more expensive than the other types but saves space. The
polycrystalline silicon type crystallized small particles on square cell has a conversion
efficiency of 11-15%, slightly cheaper than the monocrystalline PV type (Lechuga, 2011). The
amorphous silicon PV non-crystalline silicon cells have a dark grey appearance that operates
in low diffuse light with 6-8% conversion efficiency (Kleissl, 2013 and Monari et al., 2011). The
Hybrid PV type is coated in an amorphous layer with PV crystalline cell for PV systems utility
grid-connected. It can also operate on stand-alone BIPV or on the ground-mounted large-

scale grid-connected system (Myers, 2013 and IEA, 2010b). These are four identified PV types.

1.2.2 Off-grid Vs Grid-connected Applications

The Off-grid also called stand-alone is an independent operation design, directly connected
to direct current (DC) load without electrical energy storage (i.e. batteries) from PV
module/array as a DC output. The critical part of designing a well-performing stand-alone
system is the matching of the electrical load from PV array for maximum power output. The
load only operates during sunlight hours making the design suitable for common applications
like ventilation fans, water pumps including small circulation pumps for solar thermal water
heating systems. The off-grid systems and an inverter, directly connected to consumer
alternating current (AC) appliance types. In many off-grid PV systems, the batteries are
energy storage used at night when there is no sunlight to generate energy from the PV

systems are suitable for rural-remote areas application in Nigeria.



The dc-dc converter with maximum power point tracker (MPPT), helps to utilize better
available panel maximum power output (Rekioua et al., 2014; Alsadi and Alsayid, 2012).
According to research studies, the RE off-grid systems are being utilized for the power needs
of the world poor, and a prerequisite for the development (Wiemann and Ling, 2014). The
grid extension is not a feasible option for rural areas, often characterized by remoteness and
low population density (Scott and Seth, 2012). Figure 1-4 represents a typical off-grid PV
system with battery storage used for supplying direct current (DC) and alternating current

(AC) loads.
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Figure 1-4: Diagram of Stand-alone PV system.

The grid-connected PV system as a utility-interactive design operates in parallel,
interconnected with the electric utility grid. The primary component for grid-connected PV
systems is the inverter or power conditioning unit (PCU) with consistent voltage. A well-
designed PV system with robust converter converts the generated DC power into AC power
more effectively with no energy storage losses (Sharma and Chandel, 2013), particularly for
large-scale applications. In addition, the PV grid interconnected system has a bi-directional
interface between the PV system AC output and the electric utility network for on-site

distribution panel (Kaundinya et al., 2009).

On one hand, this allows the AC power either generated from the PV system to supply
electrical loads on-site or feedback to the grid when the PV system output is greater than load
demand on-site. It, however, requires a safety feature called anti-islanding component for all

grid-connected PV systems to ensure the PV system cannot continue to operate or feedback



into the utility grid when due for service or repair (Giraud and Salameh, 2001). Figure 1-5

indicates the grid-connected PV power system for large-scale utility design application.
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Figure 1-5: Diagram of Grid-connected power supply PV system.

1.2.3 Energy Sector Situation

Energy is an important factor for the country’s economic sector growth which directly
associated with per capita energy consumption and the people’s standard of living (Olayinka,
2012). Nigeria faces extreme electricity shortage with multi-faceted challenges such as
financial, structural, and social-political problems for many years (Oyedepo, 2012a). The
recent world’s energy crisis has emanated out of the rapid population growth, with increased
living standard in the societies (Bristow and Kenndy, 2010). Nigeria huge energy crisis
contributed to poverty and paralyzed industrial activities for decades (Onochie et al., 2015).
The country’s infrastructure for electricity generation faces a huge gap between demand and
supply and the energy demand is currently estimated to be about 17,520 MW against 5,700
MW peak generation power for the population. Figure 1-6 represents the energy mix for

generation utilization capacity.



Figure 1-6: The present and current energy mix (MW)-generation average utilization
capacity (Source: FGN DRAFT, 2016).

In 2013, the total installed capacity generation was about 10,396.0 MW for 23 grid-connected
generating plants, with 6,056 MW available operation capacity. Apart from the general
deteriorating state of energy infrastructure, Nigeria experiences underinvestment in the
energy sector for lack of maintenance, mismanagement, ineffective execution, and timing of
reforms as well as factors affecting generation, transmission, and distribution. The national
grid with poor voltage networks has a limited control infrastructure, overload transmission
lines, the high technical, and non-technical losses and poor maintenance of generation

stations (David-West, 2014 and Ogunleye, 2017).



Nigeria’s electricity supply is a major factor for the country's development and effective
industrialization (Olayinka, 2012). The availability of electrical power is a major pillar of wealth
creation and a driving force for the growth of all sectors of the economy. The country
currently has 11 electricity distribution companies (Discos) owned by a consortium of larger
state governments in Abuja, Benin, Peko, Enugu, Ibadan, lkeja-Lagos, Jos, Kaduna, Kano, Port
Harcourt, and Yola states (Vincent and Yusuf, 2014) and the population consumes 58,000

tonnes of LPG per annum (UNIDO, 2014).

As already noted, the majority of the areas are not connected to the utility grid especially
rural-remote areas of the country. About 90% of the Nigerian population is not connected to
the grid (World Bank, 2017) and 50% are without access to electricity (Kumar, Sudhakar &
Zarma, 2006) rely on fuel-wood for cooking. However, the grid extension is not economically
sustainable, due to the high cost of constructing the transmission infrastructure (Report,
2015). Besides, the urban areas connected to the grid do have recurrent blackout issues, and
load shading continues to pose serious constraints to economic development
(Agbongiarhuoyi, 2015b). Figure 1-7 represents Nigerian households without access to

electricity in the country.
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Figure 1-7: Households without electricity access in different states of Nigeria (Source:
National Bureau of Statistics, 2009 & 2012).
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This study aims to justify the possibility of utilizing solar energy systems to meet the gap
between demand and energy supply mostly the remote-rural areas that are not connected to
the national grid. Figure 1-8 represents the non-electricity population clustered in each state

of the country.
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Figure 1-8: Nigeria Statistics of Non-Electrification Population Clusters per state.

1.2.4 Nigeria Solar Resource Situation

Nigeria’s renewable energy resources include solar, biomass, hydro and wind (Fashola A. ,
2016). These are solutions to address the existing power shortages and promote federal
government drive for power generation to increase the installed capacity by 2030 and
beyond. The early use of solar energy in the country has been limited to the drying of crop
production, fuelwood for cooking, frying and heating, and the wind energy has been utilized
for winnowing process (Sambo, 2010 and 2009a). The solar energy potential is abundant,
reliable, and well distributed across the country to support the power sector development

(Vincent and Yusuf, 2014).

The resource development primarily depends on resource availability because the daily

annual average sunshine is between 3.5 and 7.0 hours with the average solar radiation of 5.25
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kWh/m?/day in the coastal areas and between 8 and 12 hours with average solar radiation of
7.0 kWh/m?/day in the far northern boundary (Osueke and Ezugwu, 2011). Nigeria’s annual
daily average solar radiation generally varies between 3.5 kWh/m?/day and 7.0 kWh/m?/day
and available sunshine is from 4-8 hours/day (Kafayat and Abraham, 2014; NERC-UDUS,
2015). According to IPCC, the global renewable potentials are substantially higher than both
the current, and future projected energy demands (Policy & Finance, 2011). Figure 1-9 depicts

Nigeria’s solar potential for global horizontal irradiance in the country.

solargis
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Figure 1-9: Nigeria’s Solar Potential (Sources: FGN DRAFT, 2016; GIZ, 2015, Fagbenle et al.,
2014 and Solargis, 2011).

According to the report, the Northern part of Nigeria experiences more solar irradiation
(Gesellschaft fur Internationale Zusammenarbeit GmbH, 2015). For example, the Northern
zone found to be the best option due to the long hours of sunshine throughout the year that
exceeds 2200kWh/m2/year solar energy potential. This qualifies the location for proposed

solar PV power plants and the feasibility studies for solar power plant investment in locations
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with the highest solar energy potential (Akinyele et al., 2015). The southern part also has a

solar energy potential.

The solar energy systems market is growing rapidly with a reduction from the cost of solar PV
systems in the country. However, the solar power moving into a competitive stage requires
more players to participate in making solar systems ultimately more popular to drive cost
down in Nigeria. For example, a privately owned piece of land with the preliminary design of
5 MW solar power project has been proposed between Latitude 7°53%42” N and Longitude
9°47"59E on a land area of 2,250,000m2 (1.5 x1.5km) at Wukari town in Taraba state. The
same capacity is proposed between latitude 9° 52" 20” N and longitude 6° 16" 98” E that
covers 1.8 x 1.8 km (3,240,000m2) area about 8 Km from Bida — Lemu road in Niger State. The
projects are expected to use a monocrystalline type of solar modules technology (Akinyele et

al., 2015 & 2016).

1.3 Economic Perspective

Solar energy emitted from the sun is cost-effective (affordable) for electricity generation to
meet the basic social needs and the economic activities in the country. The solar PV potential
is economically viable in harnessing energy from sunlight at a competitive price. According to
prior reports, the global cost of PV system investment is rapidly decreasing due to technology
improvements and the economics of scale (UNEP, 2012 & 2013). Nigeria established over 65%
medium and large manufacturing industries is the most competitive and effective market in
West Africa for solar energy (Ogunleye, 2017). As stated by the IEA, the cost of investment
was estimated at least about GBP2.4 (USS 3.5 billion) for electricity generation per annum
including the cost of other parts of the supply chain such as fuel to power infrastructure,

transmission, and distribution in 2016.

In Nigeria, this requires a large investment to achieve the required energy supply capacity
(Ogunleye, 2011). The projection of 13% growth rate requires about GBP103 (US$150 billion)
investment by 2020 with additional 100,000MW generation to attain full requirement for
industrialization of the economy (Chukwueyem, 2015 and ECN, 2003). The planned

generation capacity that projected for future electricity is estimated to cost an average of
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GBP1.3 (USS1.5 million), and the energy sector investment estimated at GBP1.2 trillion is
equivalents to $1.8 trillion each year to attract clean energy due to sharp fall of upstream oil

and gas investment.

1.3.1 High Initial Cost of Investment

The initial cost of a PV system is a major barrier slows the penetration pace of PV system
installation, and the RETs development faces a financing challenge and lack of subsidy to
support, and this making solar electricity application uncertain. In addition, renewable energy
found to be a high-risk investment, sometimes scare away potential investors and developers
in Nigeria (Ottinger and Bowie, 2015). Government incentives to reduce short-term costs for
the long-term benefits are required because this will support PV investment to boost solar
energy deployment, making solar PV project relatively cost-effective (DOE, 2010; IEA-PVPS,
2007) in Nigeria.

On one hand, the government short-term financial support will expand PV systems
deployment because the populations are in need of electricity. On the other hand, the price
of installation of solar systems, in the long run, will decrease. It is similar to the case of a global
system for mobile (GSM) communication systems, which started with a high investment cost
and after a few years become attractive with low running costs in Nigeria. The solar system,
the best option for alternative electricity benefit, modern power service access to overcome

irregular electricity supply, and reduce diesel generator use in the country.

The Nigeria solar system pilot projects show evidence of success and failure. In 2001, Jigawa
state, obtained funding assistance from the Japanese government for full-scale rural
electrification project, and an additional funding assistance (USAID and DOE, 2001). The Solar
Electric Light Fund (SELF) Company implemented and maintained the solar project to touch
every villager’s house in the state, which is a successful and remarkable project that other
states look forward to adopting something similar (JICA, 2007). This provided villagers without

access to the national grid, the benefit of modern energy services access (Freling and

14



Ramsour, 2010). Figure 1-10 represents the Northern solar electrification in Jigawa village of

Nigeria.

Figure 1-10: Jigawa Village Solar electricity in Northern Nigeria (Sources: PV Magazine, 2013
and SELF, 2001).
The solar electrification pilot project sponsored by the Lagos state government at Bishop Kodji
in Onisowo Village, provide an example of unsuccessful projects (Omisore, 2011). According
to the Kadri Hamzat report (2006), the state government installed at two sites 300 watt PV
panels (Okereke, 2017). Boyo and Olagunju stated that this project was financed through
Rural Electrification Fund out of the GBP187 million ($272 million) fund from World Bank to
support the privatized electricity in 2005 (Omisore, 2011). In terms of financing, Nigeria's
opaque bureaucracy without outside institutions, governments’ involvement is difficult in
obtaining and verifying specific information (Freling and Ramsour, 2010). This project
happened to be cost-effective, failed to function properly after 5 years of installation. Figure
1-11 shows the failed solar electrification project at Onisowo village in the Lagos state of

Nigeria.

Figure 1-11: Solar Bishop Kodji Onisowo village in Lagos State (Source: Obebe, 2006).
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In addition, a solar PV system installed at Oke-Agunla Village during government pilot projects
in Akure local government of Ondo State also expected to benefit the community use of the
system. However, the project is vulnerable due to some functional and non-functional
performance (Jesuleye et al., 2012). The results from an assessment conducted by
interviewing the village people confirmed inadequate PV facilities, untrained technicians with
improper use of facilities resulted in complications, and poor maintenance of the facilities.
The ineffectiveness for a 4.5 kW solar installed PV systems project due to lack of technical
know-how, poor maintenance and the inability of project contractors to take these factors

into consideration (Ismail et al., 2012).

Jigawa scheme experienced more risk with bigger goals and greater results with the sum of
GBP309, 000 ($450,000) than Bishop Kodji. The amount invested is five times more than the
amount spent at Bishop Kodji solar electrification. The Jigawa state scheme shows proper
management with high investment cost and better quality delivery when compared to Bishop
Kodji projects. In the case of Oke-Agunla project, a proper training of the technical team aims

to avoid a system failure in the future.

1.4 Policy Perspective

The Nigeria energy sector has undertaken reforms to achieve a series of transformation
through investment to bridge a huge deficit in electricity demand and supply in the country.
Based on 2005 Electricity Power Sector Reform Act (EPSRA), the federal government power
sector’s reform and privatization programme was set up as a solid foundation (NERC, 2012).
However, the reform contributed to liberalization and commercialization of national utility
company known as the National Electricity Power Authority (NEPA) and later changed to
Power Holding Company of Nigeria (PHCN). The agencies and institutions include the
established National Electricity Regulatory Commission (NERC), the Nigerian Bulk Electricity
Trading (NBET) and Rural Electrification Agency (REA) are the key tools used to drive core

objectives of the reform programme.

This enables electric power industry corporatization to increase access and power delivery

capacity, optimize the costs of the power industry and increase the efficiency and the share
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of RE generation to minimize the environmental damage (Ebohon, 2005). Nevertheless, the
reforms may not yield the desired result if current end-users inefficiency is not controlled.
Furthermore, Nigeria’s electric power sector required substantial reforms to realize economic
development and poverty alleviation (Ebohon and Ikeme, 2005). The generation, distribution
assets, and transmission system are privatized to private operators. Figure 1-12 displays the

structure of power sector reform after privatization.
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Figure 1-12: Structure of Power Sector Post-Privatization (Source: FRN Draft, 2016).

The post-reform structure of the power sector as shown in Figure 1-12 made the sector
change from government ownership/management of assets to a private sector in line with
2005 EPSR Act driven by Nigerian Electricity Supply Industry (NESI) (Onochie et al., 2015). The
electricity sector fully privatized into three major subsectors as follow: The generation,
(Gencos) to optimize production cost with a competitive offer for sale of power in the
operating environment. The distribution companies (Discos) to purchase power from Gencos
based on choice. The TCN (Transco), an independent power operator (IPO) and third
subsector is energy transporter with the responsibility of ensuring bilateral contracts between

Discos and Gencos (Ismail and Victor, 2013). However, the federal government laid a
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significant solid foundation for Nigeria power sector with 2005 EPSRA act, the privatization
programme, and reform initiatives, the introduction of Independent Power Producers (IPPs)
and setting up of National Integrated Power Projects (NIPPs) among the existing power plants

(Adeakin, 2016 and Sambo, 2010).

1.4.1 Management and Political issues

Nigeria lacks adequate infrastructure for electricity generation because of dilapidated
facilities with poor maintenance and lack of expansion to meet the growing demand.
Presently, government commitment efforts are not encouraging because of the delay to
implement renewable energy projects. This is due to the problem of funding, weak or almost
non-existence of legal and institutional framework towards Renewable Energy Master Plan
(REMP). According to the report, policy implementation is yet to be passed into law
notwithstanding the interest and effort so far shows poor percentage contribution to the
achievement (ECN, 2012). In addition, the power sector suffers policy problems caused by
frequent administrative changes including bureaucracy, and corruption where new
administration comes with new policies instead of continuing with the previous

administration policies.

1.4.2 Environmental Problem

The problem of gas flaring due to use of fossil fuels leads to rapid deforestation, local urban
air, and water pollutions, oil pollution to the water, loss of arable land and rapid urbanization.
However, these problems are against international agreements to biodiversity, climate
change, endangered species, hazardous wastes, the law of the sea and marine, dumping,

marine life conservation, ozone layer protection, and wetlands (IEA, 2010a).

1.4.3 Renewable Energy Master Plan (REMP)

In 2006, the Nigerian government road map vision supported by UNDP in order to increase
the use of RE, recognizing RE sources potentials to achieve sustainable development

established off-grid generation/distribution plants in form of pilot project. These projects
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demonstrations for electricity supply, employment creation and income generation will help
remove import duties on RE products provide tax credits, capital incentives, and preferential
loan opportunities for RE projects with FITs in respect to solar energy, wind power and small
hydro in the country. The REMP is driven by an increasing share of RE and encouraging a shift
from fossil economy to RE. This was instigated by FME to increase RE contribution to 10% of

total energy consumption by 2025 (NREEEP, 2015); (Sambo, 2009a).

1.4.4 Nigeria Energy Policy Framework

Public policy has been the most powerful driving force for RE consumption due to pressure to
combat climate change (EIA, 2009). Nigerian federal government due to energy constraints,
set up targets for the country’s energy mix to exploit the potentials from coal, solar, wind,
biomass, large and small hydroelectric power generation and make the electricity supply less
vulnerable to disruption, more affordable, available, and reliable (Adejumo, 2018 and
Fashola, 2016a). Consistent with Sambo and IEA report, Nigeria with financial instruments
such as incentives, taxes, and grants will support and encourage solar PV systems deployment

to reduce dependence on fossil fuels (Sambo, 2008); (IEA, 2009).

In 2015, the nation planned to intensify efforts to increase the percentage of solar energy in
the present energy mix with RET targets such as small-hydro with 600 MW to 2,000 MW, solar
PV with 500 MW, biomass-based power plants with 50 MW to 400 MW and wind with 40 MW
electrification (NESP, 2015). Figure 1-13 represents the average generation capacity with the
energy mix targets. Table 1-2 represents the approved draft energy policies targets for

harnessing energy potentials in Nigeria.

19



Figure 1-13: Average Generation Capacity and Energy Mix Target (Source: FGN DRAFT,
2016).

Table 1-2: Nigeria Approved Draft Energy Policies Targets

Approve Mational Energy Policies Draft Energy Policies

Mational Electric Power Policy (NEFF) — 2001 Renewable Energy Master Flan (REMP) 2013
Migeria Energy Policy (NEP) - 2003 National Renewable Energy Action Plan (NREAP) 2015
Electric Power Sector Reform Act (EPSR) — 2005 National Energy Efficiency Action Flan (NEEAP) 2015
Rural Electrification Policy Paper (REPP) — 2000 Sustainable Energy for ANl - Action Agenda [SE4AI-AA) 2015

The Roadmap for Power Sector Reform 2010

Migeria Electricity Managemeant Sarvices Act - 2015

Target
Sz0320

Policies Regulations Institutions

(Source: FMOP, 2014 and Fashola, 2016).
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1.5 Aims and Objectives of Study

This study has two main aims. The first is to review the relationship between solar energy
potential currently available in Nigeria with the performance of PV systems for electricity
generation in an affordable and environmentally clean way. The second is to consider the
guantity of electricity that needs to be generated within Nigeria in the context of the financial
resources available for promoting PV installation use to minimize the gap between energy

demand and supply in the country.

The study objectives are to:

e Review PV systems as a source of additional electricity generation at various locations
in Nigeria. Such a review might usefully assist the development of government policy
in promoting or assisting in the installation of the PV system.

e Assess how successful or unsuccessful renewable energy policies have been in
meeting energy demand and in reducing the cost of installation in the context of
available financial support and incentives.

e Assess the level of access to solar energy in all areas including remote/rural areas.
Additionally, public awareness of solar potential energy is considered.

e Evaluate PV electricity generation in relation to emission reduction (hence pollution

reduction) and costs associated with the energy budget of Nigerian consumers.

1.6 Significance of the Study

The content in relation to these aims is crucial because Nigeria energy production from all
sources is less than 6,000 MWh and almost all derived from fossil fuel combustion. This is
unsustainable in the current global context of reducing CO, emissions, while the PV system
technology based on energy from the sun is of enormous potential and significant. In the
current context of reducing global CO; emission, solar PV energy system is crucial for the
future of the country. However, this study is important because it aims to understand solar

energy potential with the PV system and the relationship between the quantities of electricity
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generated associated to cost in Nigeria. In this study, the findings therefore, will be significant

in the following ways:

Solar energy is a unique renewable energy source that can be utilized by PV technology for
electricity generation because application of PV technology is a reliable decentralized solution
and better future energy supply to the household, commercial, industry and agriculture
sectors in Nigeria. It can also be used to reduce costs for households and businesses as well

as increasing sustainability for the local community and economy.

The Nigerian Electricity Regulatory Commission (NERC) recommended cost of energy charged
but relatively high despite that consumptions are assessed by meter reading in Nigeria.
However, the energy policy-makers (NERC and ECN) proposed assessment framework might
improve the regulatory power if implemented with more accurate approach than the
haphazard overarching presently in place. It may also help to prevent exploitation by

providers.

The regulators through effective action and financing mechanisms might help improve policy
decision in administration to achieve the policy implementation. They have the opportunity
for reducing Green House Gas emissions (GHGs) to improve health and socio-economic
development as well as meeting the energy needs. In addition, help to strengthen the grid
system with RE electricity as well as bridge the gap between demand and supply of electricity

in the country.

This study will expose solar energy service providers to a more profitable and proper
acceptable approach for better service provision due to off-grid installed PV system
performance with adequately-generated electricity to the benefit of the end-users. It also
demonstrated short payback from both generation and consumption. Similarly, this could
provide service providers with a quick return on investment to encourage investment

increase and more jobs in the economy.

The investors will have the opportunity to offer financial support through leasing, loans and

selling electricity directly to customers with power purchase agreements (PPAs) because
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more people investing in using a PV system for generating environmentally free energy will
equally benefit the environment rather than fossil fuels that emit GHGs. In addition, the
economic cost for PV components replacement can be low when compared to conventional
hydropower/gas generation in Nigeria. This environmentally does not require laying of
pipelines through communities in respect to gas turbines and less community agitation can

best serve Nigeria.

The customers/end-users will profit by paying less over a shorter period by having more
disposable income to use for expanding PV use or other ventures. Thus, increase the level of
PV system use and reduced the level of energy and abject poverty in Nigeria as one of the
overarching aims in turn, improve people’s standard of living and promoting renewable

energy application in the society.

This study could benefit individuals and group activists who advocate for increased,
democratized and equitable use of alternative energy sources. The findings may be useful for
increasing public awareness about renewable development and decentralized application of
RE projects in turn, electricity access to rural areas for economic, social and environmental

benefits for electricity generation using PV systems in Nigeria.

This may provide researchers and students the opportunity to replicate the study in other
contexts. This type of research suggests other areas of further research that could be
extended to educational institutions and industrial aspects because it does not cover every

aspect except selected locations in Nigeria.

1.7 Thesis Outline

This study focuses on the technical, economic and policy perspectives for solar energy use
with a PV system, for electricity generation in Nigeria. This research adopts a software
simulation tool to assess the PV performance and innovative financing model approach to
determine the appropriate solutions for economic problems. The study scope covers
literature review, case study, questionnaire and the use of RET Screen computer simulation

software for technical performance analysis. The payback period with PV installation is
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manually computed. The conclusions summarized solar energy system for policy
implementation with suggested possibilities. However, the thesis structure is divided into

eight chapters:

Chapter 1 introduces the Nigerian power sector and its challenges, the solar energy
significance, the technical, economic and policy rationale for PV potential benefits to Nigerian

people and the economy.

Chapter 2 presents the literature review to identify the research gaps by reviewing the PV
system based on technical, socio-economic and environmental aspects. It presents the local
literature review due to electricity generation capacity and consumption. In detail, identifies
the relevant challenges within the existing energy sector regarding generation and
consumption of electricity. It reviews some design models such as computer software tools,
innovative financing model and regression analysis for PV systems development. It describes
the technical characteristics of RE projects applications and the factors affecting solar

radiation. It reviews PV system performance, cost, and GHG emission reductions.

Chapter 3 describes the research methodology used for data collection based on multiple
sources. It explains the used quantitative and qualitative research methods. It also shows the
used primary sources (questionnaire, interview and case studies, RET Screen and PAYG
models). The secondary sources from journals and article publications including internet-

websites.

Chapter 4 analyses the results by comparing the major energy sources in terms of
comparative advantage, cost and energy projections particularly for solar energy potential
targets as well as the capacity projection towards generation and consumption of energy

sources in Nigeria.

Chapter 5 focuses on analyses of results from the questionnaires as well as the specific

feedback obtained.
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Chapter 6 assesses 11 case studies carried out on different locations based on overview
generalization with off-grid PV system installation performance. The component
specifications include PV system types, the efficiency, capacities, area cover, PV tilt angle,
inverter and batteries including the electrical coefficient characteristics. This chapter adopts
RET Screen model which was used with PV system to evaluate the electricity generation
capacity and GHG emission reductions as well as to examine innovative financing model

(PAYG) design for off-grid installation in the country.

Chapter 7 evaluates the policy frameworks in consideration of RE policy objectives and
strategies for the promotion of PV technology development in Nigeria. It also presents a
proposal to encourage policy implementation for rapid PV development in generating

sufficient electricity to meet energy demand in Nigeria.

Chapter 8 summarises key findings and offers conclusions and recommendations.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter reviewed PV system based on technical, socio-economic and environmental
aspects and presented the local literature review of electricity generation capacity and
consumption as well as the relevant challenges within the existing energy sector for the
generation and consumption of electricity. It also reviewed some design models such as
computer software tools; innovative financing models and regression analyses for PV systems

development and factors affecting PV system performance.

2.2 Technical Aspect

Energy plays a crucial role globally in any country for industrialization. In addition, energy in
global economies is an “oxygen” and life-blood for growth in any nation. Electricity at every
facet of human life has been an important source of energy and the basic developmental
services for food, pipe borne water and provisions for industrial activities, health care,
conducive abode, telecommunications, and quality education among others (Oseni, 2011 and
Oseni, 2012b). Electricity according to Mankiw et al model (1992) is an explicit factor of
production and economic development in the 1990s, which resulted in improved wellbeing
of citizens, particularly among emerging economies. Nigeria electricity sector production
presently experiences an energy crisis which relates to climate change and environmental
pollutions from GHGs (Adeyemo, 2013) despite that electricity is an important element for
consumption from energy production (Acemoglu et al., 2011 and Bernanke, 2001). The
centralized electricity supply depends on thermal gas and hydro generating stations above
100 MW high capacity (Sambo et al., 2012). During the military regime, the power
infrastructure faces a major setback where most of the hydro-electric dams decayed with the

obsolete transmission, distribution and equipment lines (Sambo, 2008b).

The Nigerian government has been solely responsible for power generation, transmission and
distribution (Bloomberg, 2012). The electricity supply rate has been less than 2 hours per day

and 60 percent of the population is connected to power grid whereas 40 percent without
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access to the national grid in the rural-remote areas (Sieminski, 2014; DOE, 2005). The
problem is identified to be limited access to the infrastructure and low connection rate;
inadequate power generation capacity; inefficient usage of capacity; lack of capital for
investment; ineffective regulation; high technical losses and vandalism; insufficient
transmission and distribution facilities; inefficient use of electricity by consumers;
inappropriate market structure and industry including unclear delineation of roles and

responsibilities (Okoro and Madueme, 2004a).

The study reported that absence of reliable-clean energy services access imposes disease
burden and impedes prospects for the development of low-income populations in the
country. Furthermore, the current patterns of fossil-fuel use, causes substantial ill-health
from air pollution, occupational hazards and the impending climate change threatening
health mainly driven by the energy use (Haines et al., 2007). According to Sunday Oyedepo’s
report, climate change and limited availability of fossil fuel reserves have become urgent to

deploy renewable energy for electricity generation (Oyedepo, 2012).

2.2.1 Photovoltaic Module Performance

Solar energy that reaches the earth is found as the most obvious choice of RES and predictable
source of energy throughout the year for daily electricity generation (Ren21, 2011). The
Photoelectric effect is the function of semiconductor composition, intensity and wavelength
on the available solar radiation with PV device used to produce the amount of electricity
(Damascelli et al., 2003). The devices in the world recently record to have steadily increased
conversion efficiency to about 43.5 percent due to research and development advances (Jan
Kleissl, 2013; McCulloch and Neuhaus, 2001). Solar PV has been one of the fastest-growing
RETs in today’s world and expected to play a major role in global electricity generation mix in
the future (Abe and Adetan, 2008). The modular sizes are the most “democratic” renewable
factor within the reach of individuals, co-operatives and small-scale businesses that requires
owning generation facilities to power and lock-in electricity prices (Ogunleye and Awogbemi,

2011).

27



The solar electric PV system with several PV cells known as solar PV Networks, the PV cells
usually produces about 1-2 watts. The PV cells are connected together to form large units
called modules in boosting power output and further connected to larger units which are
called array (Tripathy et al., 2016). The PV education reported that special electrical property
of the PV cell provides a voltage that drives current to an external load such as light bulb
appliance (Education, 2013). Figure 2-1 represents the solar PV cells being a solid block on

each efficiency performance.

Figure 2-1: PV cells, modules or panels and arrays (Source: PV-Education, 2013).

The PV module performance is measured in peak watt (Wp) rating to determine maximum
power under the laboratory standard test conditions (STC). The measurement rating includes
PV module operating temperature (25°/77 F), level of solar irradiance (1000 W/m?) and Air
mass spectral distribution (1.5 AM) and this may or not be how PV module/array typically
operate in a location (Myers, 2013). The actual performance of PV modules is extremely safe
and reliable from 85-90 percent due to STC rating with minimal failure rates. The PV lifetime
projected service in maintaining a high percentage of initial rated power output is from 20-30
years with more years’ warranty. The researchers in selecting PV modules advise looking for
product listing (UL) on qualification testing and warranty information through manufacturer’s

module specifications (EERE, 2013).

The solar energy technologies are divided into two broad categories, solar PV and solar

thermal technologies (CSP). They easily and readily convert primary energy source into a
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renewable form for electricity and heating. The solar PV panels convert solar radiation into a
direct electric current (DC) and through an inverter into alternating current (AC). The solar
thermal type according to Carnot’s Cycle Principle provides direct conversion of solar
radiation into heat that turns the electric turbine. The concentrating solar power (CSP) using
mirror receives sunlight and heats a fluid to achieve high temperature, drives the turbine for
generating electricity for local large or small-scale level (Energy, 2016b). In addition, these
plants play an important role in the rising of renewable energy sources (RES) shares due to
the possibility of storing thermal energy. It also allows electricity exports to Europe to gain
importance even after 2030 (Boie et al.,, 2016) and to achieve higher temperature using
different types of concentrators such as Fresnel lenses, parabolic mirror, etc. The solar PV
systems have a lower risk compared with wind or liquid gas turbines (LNG) (Zelya, 2016 and
Zelaya-Angel et al., 1995). Figure 2-2 represents systematically the structures of solar PV and

thermal technologies.

\ Solar Radiation \
_— tl':';h‘ect con\;:rsb!: . Heat up a fluid I,

Concentrated Solar
Thermal Power Plants

Photovoltaic (PV)

I Solar electricity for own use
or the power grid

Figure 2-2: A systematic work of the solar PV and thermal technologies (Source: Energy,
2016).

The PV efficiency is the ratio between the electrical power generated and the amount of solar
energy received, as well as the main indicator of PV cell modules performance. The PV cells

connected in series and parallel for production of high voltage as high as several kilovolts. The
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monocrystalline is more efficient but expensive in supply than polycrystalline and others. The
second-generation PV systems include thin-film PV types for early market deployment
(distribution) including the amorphous (a-Si) such as micro-morph silicon (a-Si/uc-Si);
Cadmium-Telluride Cd-Te); Copper-Indium-Selenide (CIS) and Copper-Indium-Gallium-
Diselenide (CIGS) (Fthenakis et al., 2009b; Fthenakis, 2009). The third-generation PV system
such as concentrating PV (CPV) or (CSP) and organic PV cells under demonstration is yet to be
widely commercialized with other new ideas under development (Kleissl, 2013 and Jungbluth

et al., 2009). Figure 2-3 represents the prospects and photovoltaic technology status.
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Figure 2-3: The Photovoltaic Technology Status and Prospects (Source: IEA/PVPS, 2009).

Silicon found to be most commonly used for commercial PV system applications and material
for deployment in most countries of the world (Ngo and Natowitz, 2009). Table 2-1 represents
the different PV module efficiencies. Figure 2-4 represents future improvement expectation

of PV system efficiency.
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Table 2-1: Efficiencies for different PV Modules types

Wafer-based c-Si Thin-film
Sc-Si mc-Si a-Si;(a-Si/pc-Si) CdTe CIS/CIGS
14-20% 13-15% 6-9% 9-11% 10-12%
0K
25%
25% | -~
21% 21% : -
2 oaow | L o% @ Single Crystalline
5 1% Lo B Multi—Crystalline
ookt 14% 1 15% 15% O Thin Film Si
et 12% 12% O CIGS
ey
o | o W CdTe
5%
0%
2010-2015 2015-2020 2020-2030
Years

Figure 2-4: Future PV system expectation for efficiency improvement (Source: IEA, 2010).

Many studies have confirmed solar energy technologies to be reliable power generation with
a useful lifetime not limited to 20-25 years based on an assumption (Arthur, 2009). BP solar
reports according to Wohlgemuth (2008:2003), providing 25-year crystalline silicon modules
with extensive testing excellent field results with 10 years’ warranty. However, the PV cell is
a solid-state building block device without moving part makes the technology highly reliable
and long-lived. The open-circuit voltage (Voc) decreases with temperature. Honsberg
Christian reported that the temperature depends on current ampere (Isc), and the current
and voltage are affected by weather condition (Christian, 2013). The effect of temperature
clearly displays PV panel current and voltage curves and this shows different combinations of
voltage and current produced by a given PV panel under existing conditions (Article, 2016).
Figure 2-5 represents the current-voltage curve and temperature effect for PV efficiency

performance.
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Figure 2-5: |-V characteristic curve with temperature effect on solar module voltage (Source:

PV-Education, 2014).

The Isc represents short circuit (Amps), and the Voc represents open circuit (volts). The

efficiencies at Q1, Q2 and Q3 and Q11, Q22 and Q33 represent solar module maximum power

point tracking. The temperature according to report depends on voltage output that becomes

greater due to solar cell increased temperature, and mostly affects the open-circuit voltage

(Cindy, 2013). Studies confirmed solar cells to be sensitive to temperature because increasing

temperature reduces the band gap of the semiconductor, which affects most of the

semiconductor material parameters. The band gap of a semiconductor decreases with

temperature and increases electrons of the material. The energy band according to report

reduces band gap and the increased temperature reduces the band gap (Bowden, 2013). The

measurement of the system reliability according to DOE report focuses not only on PV cell

but on the whole system modules and the effect on one panel can affect others (Akhil et al.,

2013).
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The length of sunlight received is an important factor for the solar panel’s power production.
The operating temperature affects the PV panel strength, high temperature and other
environmental factors reduce PV efficiency that lower the power output. For example, UK
field experiment shows the temperature that reached over 42° C (107° F) and 1.1 percent
peak output drops per degrees Celsius. Nigeria laboratory experiment carried out in 2008 at
River State University of Science and Technology in Port-Harcourt have similar results. The
solar panel energy production drops steadily when the panel temperature reaches 44° C (111°
F). The efficiency according to report drops to 87-91 degrees Fahrenheit in the temperate

climate during summer hour’s daytime than in the equatorial nations (Cindy, 2013).

Nigeria temperature has narrow variation by regional differences and relatively high in
seasonal diurnal. The weather has two seasons, the rainy season from April to October and
the dry season from November to March (Ozor et al., 2012). The dry season comes with
Harmattan wind between December and February with a chilly dry spell but the lower
temperature transports dust from winds blowing through Arabian Peninsula across the
Sahara (FCDA, 2014; Africa, 2012). Historically, the proper weather-climate condition from
February to March is the hottest yearly temperature from 33-380C that comes with the
highest aridity in the Northern part of Nigeria (Abdussalam, 2014). Figure 2-6 represents the

Harmattan condition in Nigeria environment.

Figure 2-6: Harmattan image view across Nigeria (Source: NBS, 2014).

Solar energy intermittency according to NASA in 2014 report is a major constraint contributor

to energy mixture and intermittent nature of most renewable sources has become an
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important issue for electricity storage. In addition, the dynamic overshadowing effect
presented on the building surfaces determines the reduction of solar radiation availability and
significantly can affect solar energy potential use. According to the study, the intermittency
problem can be solved by integrating PV with compressed air energy storage (CAES) or/and

extending the thermal storage capability to CSP (Fthenakis et al., 2009).

2.2.2 Solar Balance of System (BOS)

The BOS is the functional and operational requirements of the PV system. The major
components include DC-AC power inverter, battery bank and charge controller. The auxiliary
energy sources sometimes specify the electrical load use of appliances. The BOS hardware
based on DOE report includes wiring with surge protection; disconnect devices, and other
processing equipment. The modules combination with BOS components create the entire PV
system needed to meet energy demand for powering appliances such as lighting, water
pumping (Gevorkian and Gevorkian, 2008). Figure 2-7 represents complete solar PV systems

operation combination.
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Figure 2-7: Solar PV systems complete operation combination.

PV technologies divided into three subsystems are 1) PV cells and modules/arrays from the
generation side for conversion. 2) BOS-the entire PV system for the proper functioning of PV

power output generation including mounting structure, PV module/arrays, and power-
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conditioning equipment point components towards the sun for direct current. The inverter
converts DC electricity to AC load but does not determine how PV modules/arrays operate in
the field. The battery use for energy storage during the day for night-time generally is
considered effective for reducing intermittency during solar PV systems electricity
generation. 3) The Load as the third subsystem from the consumption side uses the PV

electricity generated (EERE, 2013).

In 2013, the storage solutions based on integrated PV-battery systems investment are
reported to be economically viable for small PV systems. Additionally, a model with a large
number of different PV storage capacities economically determines the optimal configuration
of system size. The model assumption based on optimal size for residential PV systems and
battery storage will significantly rise in the future (Hoppmann et al., 2014). The Lead-acid
batteries, for example, have been a suitable technology for on-site storage of micro-
generated electricity. The effective use of storage can increase the versatility of a micro-
generation system in satisfying a highly variable electrical load of individual dwelling and

changing usage patterns on the national grid (Jenkins et al., 2008a).

Electricity production through micro-generation with suitably sized storage can reduce export
with over 90 percent and substantially with 70-72 percent typical efficiency in a location and
developed model takes account of losses in battery storage. The study found that a developed
model estimating the performance of a system allows various design parameters of the PVT
unit to vary and the influence on overall system performance can be studied (Herrando et al.,
2014). The ability of lead-acid battery storage in capturing AC and DC power generated from
PV cells can combine heat power and wind turbines with an appropriate temporal resolution
of data (Jenkins et al., 2008b). However, the new energy storage technologies greatly could

increase the role of renewables (Heal, 2009).

Solar PV technology with the advantage of the photoelectric effect can produce electricity to
power domestic and commercial properties. The solar PV collects free energy emitted from
the sun for electricity in operation of the electrical appliances. The PV conversion technically

driven by weather varies in quantity with time and the location (Myers, 2013). The solar
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panels fitted to rooftop or ground mounted create free electricity from the sunlight and the
three components mainly used to create free electricity from the sunlight are a solar panel,
inverter and generation meter. The electricity generated is converted from DC output to AC
in roof space (Maehlum, 2015b). This according to RSPI report, this can equally feed into the
commercial electrical grid or used by the local off-grid electrical network to reduce energy

bills. Table 2-2 and Figure 2-8 represent Solar PV Technologies Conversions.

Table 2-2: Comparison of Solar PV Technologies Conversion

Characteristics

Use Direct and diffuse sunlight ‘Direct sunlight

Size from Watt to MW 10 MW to a few hundred MW
Installation: everywhere (roof etc.) flat unused land

Capacity: 700 — 2000 full load hours 2000 — 7000 full load hours
Reserve capacity: External Internal (fossil operation)
Proofed life time: > 20 years > 20 years

Annual production (2004) | =25 000 GWh > 2 500 GWh

LEC (to?ay) 0,20 — 0,35 €/kWh 0,15 - 0,25 €/kWh

(Sources: Robert Pitz-Paal and DLR, 2004).
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Figure 2-8 : Solar Technologies Conversions (Source: GENI, 2011).

The common applications for non-concentrating technologies are all the passive solar
applications, stand-alone PV panels, and rooftop solar water heaters or solar air heaters
(Bradford, 2006 and 2008). The buildings that generate power using RES can reduce demands
on traditional utility generators and overall emission gases due to climate change (Church and

White, 2011). Table 2-3 represents solar energy technologies classification.
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Table 2-3: Classification of Solar Energy Technologies

Active Solar Passive Solar
Solar PV Solar Thermal
Centralized Concentrating Concentrating District  water
(>200 kW) PV arrays (CPV) | Solar Thermal | heating
Utility scale PV | (CSP)
Large-scale Commercial Commercial hot
distributed building PV water systems
(>20kW)
Small-scale Small Residential Heating and
distributed commercial & water heating | cooling
(<20kW) residential systems
building PV
Off-grid Stand-alone Day lighting
applications systems for
remote
applications,
solar home
systems

The accurate solar energy forecast and resource assessment according to Jan (2013), can
equally reduce the risk of selecting a project location in designing appropriate solar energy
conversion system (NREL, 2012 & 2007). Solar energy based on a PV system, solar thermal
and Building Integrated Photovoltaics (BIPV) systems applications can be a design for the
purpose of telecommunications, rural development vaccine refrigeration, military, water
pumping, commercial grid-tie systems, oil and gas, lighting, railroad signal, and traffic signal
applications. PV technologies use a variety of collector designs such as flat plate panels on
fixed position or tilt. Tracking can be used for BIPV where sun following trackers are integrated

into building designs and the CPV/CSP systems (Tripathy et al., 2016).

BIPV system is an integrated PV module into building coating roof or facade and serves as
building envelope material for the power generator. It provides savings in materials, reducing

electricity costs from fossil fuels use and emissions and adds architectural interest to the
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building (Tripathy et al., 2016). Rise reported that power production benefits utility
associated with transmission, distribution due to losses (Rise, 2014), grid support and
consumer savings at the point of use for lowing electric bills due to peak sharing i.e. matching
peak production with periods of peak demand, and most of the systems available for utility
grid can be used in stand-alone/off-grid systems. The BIPV grid-tied systems have a benefit to
the cooperative utility storage system with 100 percent efficient, which essentially free and
unlimited in capacity. The contribution reduces energy costs for the building owner and the
solar electricity export helps support utility grid during greater demand time (Raugei and
Frankl, 2009). Figure 2-9 represents the building integrated PV system for on grid-connected

benefit in Nigeria.

Figure 2-9: Building Integrated Photovoltaic (BIPV) System (Source: Rise, 2014).

The Hybrid PV is a connection of two or more sources of energy system where energy from
grid connects auto-generating set, solar or wind turbine for the purpose of generation supply
of electricity to consumers (end-user). Secondly, when the PV system is connected with other
energy supply sources such as wind, hydro, gas and nuclear serve public utility for supplying
power to consumers and the operation uses different types of PV technology cells. For
example, Sanyo hybrid PV cell system comprises of the monocrystalline PV cell, which covered

by ultra-thin amorphous silicon PV layer. This type of cell performs well at high temperature
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with over 18 percent high efficiency than conventional silicon PV cells with the high

cost(Rekioua et al., 2014).

South Korea, for example, depends heavily on oil imports composed a hybrid system of RE
with the existing grid system and diesel generator on Jeju Island (Chang et al, 2014). The
Korean administration currently implemented energy policies such as smart grids with the
diffusion of renewable energy generation sources to improve energy infrastructure with
reliable systems for stable energy supplies (Yun et al, 2014). Figure 2-10 represents
combination of more than one infrastructural design for more output generation of

electricity.

PV Array |——3 Charge 3| DC Load
Controller
Rectifier [ Battery . Inverter
Engine-generator, ). AC Load
wind turbine or grid backup

Figure 2-10: Diagram of PV Hybrid System (Source: Online.com, 2008).

The decentralized power according to report is characterized by the generation of power
nearer to demand centre mainly for meeting local energy needs (Ohunakin et al, 2014). This
power system functions either in the presence of a grid feed of surplus generated power to
the grid or independent/stand-alone/isolated system exclusively for meeting local demands
in remote locations (Kaundinya et al., 2009). The feasibility of PV power plant considers
monthly average daily global solar radiation data in project locations (Khalid and Junaidi,
2013). The decentralized renewable energy solutions are a better alternative to alleviate

energy poverty due to cost-effectiveness over the system's lifetime, easy-to-deploy, install
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and maintain as well as a design that tailored according to individual needs (Kaundinya et al.,

2009). Currently, the industrial growth engines are “Green Growth" and "Sustainability".

2.2.3 Nigeria Energy Sector Production

The Nigerian national transmission grid for power sector operates at 132 KV and 330 KV. The
current transmission system capacities are from 5,523.8 - 6,680 km for 330kV lines with
10,238 MVA substation transformer capacity and 6,801.49 - 9,161 km for 132 kV lines with
11,721 MVA substation transformer capacity. The present total transmission wheeling
capacity equals to 5,300MW against 6,600MW capacity (Uzoma et al., 2012 and Nnaji, 2011).
The specific transmission infrastructure on super-grid operates at 760 KV for transportation

of power to major load centre of the country.

The replacement installed from aging substation transformers equals to 150 MVA with 330
KV and 132 KV lines are new construction in Lagos and Kano. The on-going construction of 3™
Benin-Onitsha with 330 KV line. The Load location centres are in Lagos state, Ibadan, Aba-
Port-Harcourt axis, Benin-Warri axis, Enugu-Onitsha axis, Abuja-Kaduna axis and Kano. The
National Control Centre (NCC) is at Oshogbo in Osun state, Backup Supplement of National
Control Centre (BNCC) is at Shiroro in Niger state. The three regional control centres (RCC)
are at Ikeja West (RCC1), Benin (RCC2) and Shiroro (RCC3) control the central transmission
grid. The national grid network has 9500 km total length with 330 KV lines, and 9700 km with
132 KV lines (Vincent and Yusuf, 2014). The entire grid power load with wheeling power
capacity about 16,852 MW is equivalent to 7886 MW with 330 KV lines and 8986 MW with

132 KV lines. Figure 2-11 represents the existing power infrastructures in Nigeria locations.
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FIGURE 3-12-
EXISTING 330 XV RADIAL GRID, 2013
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Figure 2-11: Existing 330 KV Radial Grid (Source: TCN, 2013).

In 2016, the study estimated Nigeria electricity demand at 12,800 MW. The historic gap
between power demand and available grid electricity led to widespread of self-generation
power where many individuals and businesses in commercial, industrial and residential
sectors own generators to compensate the lack of access to grid energy supply (Watkins,
2016). The large population of Nigerians with over 170 million has the available installed
capacity of 10,400 MW against 4,300 MW available generation capacity when compared to
the South Africa population of 52 million with 31,880 MW available installed capacity. The
current electricity generated and supplied from the national grid that powers the entire
country found equivalent to the UK Liverpool and Manchester power supplied (David-West,
2014 and Ogunleye, 2017) covers one percent of Nigeria’s population. According to Power
Africa by Obama, “Access to electricity is described as a fundamental opportunity for children
studying in this age because power allows an idea to transform into a real business that

requires Africa plugging into global grid economy for power.

McKinley reported that NBET negotiated eight of PPAs with solar power developers projects
in different phases in 2015 (Asaju and Akume, 2010). Since privatization, the power sector
elicited high investment interest and many developers secured generation licenses from

NERC but none of the Greenfield IPPs has commenced operations due to varying reasons in
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securing finance (Kuta, 2009b; ECN, 2009).

different locations across the country.

Edo State

¢ Azura Power Plamt, Banin City
450MW | Gas
Ogun State

* Westcom Tech & Energy Service
Limited, Sagamu

100060 | Gas

*  Nagboro Power Plant/ Bresson A S,
Nigeria Limited, Magboro
O0MW | Gas

*  Agbara Shoreline Power Limited,
Agbara
100MW | Gas

¢ Parss Evergy & Natursl Rescurces
Development Limited, Ogijo
MW | Gas

* Westcom Tech & Energy Service
Limited, Sagamu
1000MW | Ges

* Farm Electric Supply Limited, Ota
150MW | Gas

* Hudson Power Limited, Warawa
150MWV | Gar

* Ibafo Power Station Limited, lbafo
200MW | Gan

Lagos State

T

* AES Barge Power Plant, Egbin
270K | Gas
* Anta Energy Limited, Agbara
SOMW | Gas
* NEH Power Limited, Ikorodu
J0OMW | Gas
* Energy lCompany of Nigeria (NEGRIS), Ikorodu
14OMWY | Ges

Anambra State

* Century Power Generstion Limited, Okila
495NV | Gas

Akwa Ibom State

Figure 2-12 represents Nigeria current IPPs in

Gombe State
* Mabon Limited, Dadinkown
FMW | Hyero
Kogi State
* ltobe Power Plant (Zuma Energy
Limited), itobe
1200MW | Cosl
* Knox JAL Energy Solutions Limited,
Alaokuta
1000MW | Gas
* DIL Power Pic, Obajana
1354W | Gas

Plateau State

JBS Wind Power Limited, Maranban Pushit,
Mangu,
100MW | Wina

Enugu State

Ninaj Holdings Limited, Adu-Amorji
1150V | Cool

Cross River State

Fortune Electiric Power Co. Limited, Odukpant
BOOMW | Ges

Abis State
* Aba IPP, Aba
141MW | Gas
*  Supertek Limited, Akwels
1000MW | Gas
Rivers State

* Eleme Petrochemical Company Limited,

Eleme Complex, Port Harcourt
135MWV | Gas

= Notore Power Limited, Onne

SOMW | Gas
Delta State

*  Okpal Power Plant/Nigeria Agip Of Compary,

Okpai
* Bom Power Limited, kot Abasi 420MW | Gas
100MWY | Ges * Delta Electric Power Limited, Etiope
11EMW | Ges
Ky * Ethicps Energy Limited, Sapele
IrstalledLicensed Capachy (MW)| Feed Stock 2800MWY | Gaz

Figure 2-12: Current IPPs in Nigeria (Source: NERC, 2016).

2.2.4 Nigeria Solar Photovoltaic Power

Solar energy potentially vast in abundance is about 120,000 times more than annual average
energy generated by PHCN in Nigeria (Chineke and Igwiro, 2008). Nigeria global solar
radiations for high, medium and low zones monthly annual mean about 22.88MJ/m ? /day,
18.29MJ/m 2 /day and 17.08MJ/m 2 /day. The sunshine durations for high, medium and low
zones are 12.06 hour/day, 12.04 hour/day and 12.03 hour/day respectively (Abdussalam,
2014). The country is well distributed with solar radiation that lies within a high sunshine belt.

The total annual average varies between 12.6 MJ/m2 -day (3.5 kWh/ m2 -day) in the coastal
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latitudes and 25.2 MJ/ m 2 -day (7.0 kWh/ m2 /day) in far north whereas the annual average
solar energy intensity about 1,934.5 kWh/m2/year. The solar energy falling on the entire land
area can provide an average of 6,372, 613 PJ/year approximately 1, 770 thousand TWh in a
whole year (Adewole et al., 2015). The amount of solar energy radiation that reaches the
earth’s surface is reliable and available in the most country of the world and the variation
depends on the geographical location, time of day, season, local landscape and the weather

condition (EERE, 2013).

Some off-grid PV power supply systems developed to power office appliances made of the
photovoltaic array, mounting frame, storage device, inverter, charge controller and wiring
system from an alternative source of power to the government own unreliable and epileptic
utility power supply (Babatope et al., 2013). For example, a solar power system in Akure
tested with Latitude 7.15N° showed good performance of the system (Aina et al., 2013) and
the functional output between 10.00 and 16.00 hours with high solar radiation period
coincides with office hours. The office total load of appliances by the system 290 watts for

334-watt average solar power output from the test carried out (Adejuyigbe et al., 2012).

Solar energy with PV system has powered motorbike called Keke-Marwa to help reduce
energy, health and foreign exchange costs for environmental improvement in Nigeria (Ebele
and Okeyika, 2016). In addition, solar system powered car from Ebonyi state in 2016 and
Volkswagen Beetle scraps (off-road vehicle) by Mojeed Sanni and Segun Oyeyiola in Nigeria.
According to Minister of Environment (MOE) and Niger-delta Permanent Secretary, during
the 10th National Council on Environment workshop at Lafia in the Nasarawa state of Nigeria,
African continent enjoys about 3,700 clean development mechanisms (CDM) projects
worldwide and only 1.4 percent (Usman, 2016). The Keke Marwa powered by solar energy
has been a shred of evidence to continue attracting foreign direct investment in renewable

(Ebele, 2016 and Bergstresser, 2017).

The study reported that renewables led to the transformation of the power sector over power
market design and electricity security. In 2006, the world energy output examined more

stringent decarbonization options and the 450 consistent Scenario with 50 percent chances
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of limiting global warming to 2 °C as well as further pathways to limiting warming (PVPS,
2016). In today's energy use, CO2 emissions threaten the climate and this led to G8 call on
IEA in providing guidance for a decision on how to bridge the gap that needed be done to
build a clean, clever and competitive energy future from what is happening (IEA, 2012). In
addition, the world needs increasing energy supplies due to energy resources under pressure
to sustain economic growth and development. The numerical radiation algorithms with GIS

tools found to be the pathway to evaluate those complex effects (Reed and De Freitas, 2015).
2.3 Economic Aspect

Solar energy due to cost constraint has been the major contributor to energy mixture. The
recent drastic cost reductions pave way for PV production in becoming cost competitive for
energy generation to fossil fuel. The right incentives can bring cost competitiveness with grid
prices by 2020. Despite the subsidy burden, the cost has been falling for renewables growth,
Europe leads and China has the largest source of growth. For example, North America leads
with the falling cost of renewables for the new grid-scale power generation costs (Energy

Outlook, 2014). Figure 2-13 represents the renewables falling cost by 2035 reference case.
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Figure 2-13: Falling cost for Renewables by S per megawatt hour for 2035 Reference case
MWh (Source: Energy Outlook, 2014).

The burden of policy support has become a constraint for renewables growing in volume and
costs of renewable power needs to keep falling to maintain rapid growth and per unit power
but required reducing the subsidy. BP energy reported the expected renewables cost to

significantly fall due to continued technological advances, learning by doing and economies
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of scale (BP energy outlook , 2013). For example, the best location for onshore wind power
even without subsidy for grid integration costs can compete increasingly with new
conventional fossil power plants. Solar PV according to BP report in 2014 is expected to
become competitive across a number of increasing market niches and requires PV grid-scale
carbon price to compete with efficient gas combined cycle generation by 2035 (British
Petroleum, 2014). Figure 2-14 represents the renewables growth in share of power

generation from 2013-2035.
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Figure 2-14: Renewables growth from 1990 to 2035 Thousand TWh (Source: BP PLC, 2015).

The falling costs of renewables in Europe have continued to gain share with the spread of
renewables to other regions. The EU led the way in promoting renewable power with the
ability of grid systems handling intermittent sources of power in a number of EU markets add
a technical constraint to renewables growth rate. According to the BP report, the scaling up
renewables outside EU and USA may not reach the current EU level of renewables penetration
until 2030 and would be longer for China (British Petroleum, 2016). The EU growth in volume
between 2013 and 2035 will scale up renewable deployment while China growth in volume

surpasses and matched the United States.

2.3.1 Solar Economic perspective

Electricity supplied price for home rooftop PV solar cells found to have fallen below the retail

price of grid electricity in some areas. The residential households have economic incentive to

46



install rooftop PV systems and reduce the electricity purchases from the grid. The costs
incurred by a significant portion of utility companies fixed must be recovered even though
consumption falls and electricity rates must increase for utility companies to recover fixed
costs from shrinking sales. The increasing rates have resulted to even more economic
incentives for customers to adopt PV rooftop (Cai et al., 2013). According to the report, the
objective of human activity and economic growth are two casual chains potentially important
instrument to human development and the achievement of human development critically
contributes to economic growth based on activities. In addition, the national resource
allocation contributes to human development and helps to increase the national income

(Stewart and Ramirez, 2015).

In the UK, solar PV market has grown from zero to 5GW-installed capacity. The rapid growth
propelled the UK into the top ten global markets for the solar PV system. The significant
deployments contributed to significant economic benefits and robust business including job
creation for industries that supply the components and labour to achieve the rollout. The
recent changes to the solar industry with the financial support available particularly for large-
scale solar PV installations threaten economic potential viability of the industry and the

benefits of solar PV to continue to deliver to the UK economy (CBER, 2014).

The high upfront cost has been a critical barrier for clean infrastructure technologies
investments in the developing countries (Huenteler et al., 2016a). For example, the case study
of Thailand's electricity sector, created realistic estimates with relative contributions of local
and global technological learning in reducing cost in the future (Huenteler et al., 2016b). The
renewable electricity technologies locally developed a global share source of goods and
services are based on the local effects and the global learning implementation of Thailand's

renewable energy targets by 2021.

The results show that the largest potential for aggregate cost reduction lies in enabling local
learning such as a skilled workforce and a stable regulatory framework. The establishment of
sustainable business models has a more significant impact on the cost of renewable energy

in developing countries than global technology learning curves (Qazi, 2016) and the
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importance of local and global learning relatively differs and significantly by technology. The
country characteristics need local context framework conditions to reap full benefits of
technological learning across a wide range of clean technologies, and considering global

perspective for international support (Huenteler et al., 2016a).

Solar PV technology market prices around the world receive growing attention among key
stakeholders by gaining coherent shifts across the industry value chain. The PV supply chain
complexity involves a large number of manufacturing processes; the balance of system (BOS)
and installation costs which associated with complete systems, choice of different distribution
channels and the differences between regional markets within PV deployed locations (Mills
and Wiser, 2010). For example, stakeholders from fifty industries on BOS costs offered uneven
and complex industry chances for collaboration on strategies to reduce installed BOS costs
for commercial and small utility systems apart from San Jose California experts (Wiser and
Bolinger, 2011). In addition, many opportunities potentially identified could reduce BOS costs
from GBP0.61-0.41/watt (S0.90 to $0.60/watt) about 45-65 percent reduction with current

best practices in less than five years’ time frame (Bony et al., 2010).

In 2010, the RMI proposed a number of industrial activities to support BOS cost reduction in
achieving low-carbon, more efficient physical system designs, to streamlined business
processes and rapid industrial scaling. Dedicated industry and wide effort will help accelerate
cost reduction opportunities. During the U.S second quarter in 2012, the BOS costs twice and
more expensive for the average price of residential installed PV system than Germany (Bony
et al., 2010). Recent studies found that accurate value for the solar system may not relatively
be easy for new real estate market but can often recover 100 percent of the original cost due
to property value increase by a substantial amount (Nevin, 2010). In research & development,
more than GBP6.9 (5100 billion) has been invested in new renewable energy capacity through
global milestone for manufacturing plants in 2007. In recent years, RE rapidly changes due to
the reality of its significance and perceptions whereas increasing conventional energy

worldwide lagged behind (Richards et al., 2012).

48



2.3.2 Solar PV Economic Assessment and Reductions

The most important barrier to solar PV power system deployment in today’s world has been
management. BOS is the sum of module costs, mounting structures, inverters, cable and total
system costs and sensitive to economies of scale that vary substantially depend on the type
of application. The costs of different module technology types vary per watt, which is less
significant while taking technology efficiency need and land-use into consideration (NREL,
2012). The leading market prices for utility-scale about GBP2749/kW equivalent to (USD
4000/kW) and GBP4124/kW (USD 6 000 /kW) for residential small-scale applications (WEC,
2016). The PV capital cost possibly will continue to decline (IEA, 2010). Figure 2-15 represents
the capital cost of PV system now and by 2025.
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Figure 2-15: Solar PV Capital cost based on LCOE projection (Sources: DECC and STA, 2014).

According to the Department of energy and climate change (DECC) and Solar trade association
(STA). The comparison of LCOE percentage reduction analysis is based on LCOE values when
compared with DECC high, central and low costs. These are lower all years from 2014-2030
even lower than the DECC low-cost scenario (STA, 2014). In January 2016, drop occurred due
to anticipated removal of the EU-China anti-dumping tariff. However, the rate of cost

reduction will be steeper by 2020 and flatter from 2020-2030 when compared to the DECC
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scenarios. In addition, the percentage will drop from 2014-2020 (27%) for DECC and (35%) for
STA and from 2020-2030, it will drop according to DECC (25%) and STA (11%) for large-scale
solar PV (Bloomberg, 2014).

Study found that PV BOS costs for commercial and residential smaller-scale systems to be
higher than utility-scale systems in percentage (McGinn et al., 2013) and the RE costs falling
are based on market and technology improvement (IRENA, 2016 & 2014) that compensates

fuel and health cost savings for using less fossil fuel (Elliott, 2015).
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Figure 2-16: PV system component contribution to the total costs (Source: Wiser et al.,
2009).

BSW reported that the average costs for large commercial rooftop systems in Germany and
Italy respectively in 2012. The BOS cost for residential systems in Germany is about USD 1 to
USD 1.4/W (BSW, 2012). The Levelized Cost of Electricity (LCOE) for c-Si residential PV
systems without battery storage is between USD 0.28 and USD 0.70/kWh in 2010. In 2011,
the c-Si module prices declined in the range of USD 0.25 and USD 0.65/kWh (Photon
Consulting, 2012). The LCOE for small-scale systems in the second quarter fell lower than most
residential tariffs in Germany but the cost can still be competitive for large commercial

rooftop installations.
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The installed costs for example between GBP0.16 and GBP0.34/kWh are equivalent to USD
0.23 and USD 0.50/kWh in U.S and second quarter higher in Germany for residential systems.
The latest LCOE for utility-scale projects increases the competitive due to cost reductions for
residential systems (IRENA Renewable Cost Database, 2013). The LCOE values for utility-scale
projects in Germany fall between GBP0.11 and GBP0.15/kWh. The LCOE for a small number
of projects in Latin America varies from GBP0.08-0.21/kWh (Griffith-Jones et al., 2017). The
typical projects in China are about GBP0.24/kWh and other Asia regions between GBP0.10
and GBP0.38/kWh. The South Korea projects are most expensive with high capital costs and
low capacity factors (Mauledn, 2015). Figure 2-17 represents the global current price of

different PV system technologies.
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Figure 2-17: Different PV module technologies with current price performance (Source: IEA-
PVPS, 2008-2009).

The Levelized cost of electricity PV system (LCOE) generation depends heavily on two factors:
the yearly amount of sunlight (i.e. associated capacity factor) and interest/discount rate
(Myers and Kleissl, 2013). In 2008, the maximum prices for small-scale BIPV systems are less-
mature PV. The price from IEA countries with larger interest rate and the best system price is

lower than GBP2, 062. The cost of PV electricity generation according to (Hernandez-Moro
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and Martinez-Duart, 2013) for utility-scale applications is GBP165/MWh with very high

radiation capacity factor in the location.

Solar PV cost has drastically come down for power production will become halve from three
to five years without subsidies (Abubakar, 2007). In 2013, a pioneering factory innovation
(G24) breakthrough with affordable solar cell technology production at Cardiff in Wales
confirmed solar energy harnessing within the United Kingdom. For example, the new cell
materials produced the fifth version of silicon-based for commercial use in the developing
countries. According to the report, a tenacious US-based environmental activist cited that
IEA has a 50 percent cost reduction of solar photovoltaic from 2001 to 2020 (Nader, 2013).
According to U.S report, America could meet the entire energy needs by covering 1.6 percent
land area with solar cells and such enormous opportunities have a very large role to play in
the alternative energy mix for most countries in the coming decade (DOE, 2010); (Atiku,

2007).

The solar panel price falling represents better value for money and some people suspected
that solar power with incentives become more competitive to existing fuels in the next ten
years. Secondly, the cost has been a determining factor for household consumer/business
switching except with major incentives such as low-cost loans. The FITs could make the
change and reasonable for household level although incentives are not without risks
(Newsom, 2013). Nigerian businesses face much higher costs from grid power and generator
use going by the unreliable state of the national grid and enough incentive can meet the
difference with about GBP0.10/kWh (N40/kWh) tariff. The RE electricity should be about
GBP0.18-0.34/kWh ($0.26-0.50/kWh) per unit power cost and grid electricity about
GBP0.069-0.10/KWh ($0.10-0.15/kWh) per unit cost in 2013.

The Europe experience ‘grid parity’ makes renewable solar-PV power cost equal/less than
conventional grid retail. The cost savings from the solar-PV project in today’s grid energy
recently range from GBP0.03-0.048/KWh in Spain. FITs for solar PV is currently less than 30
kW capacity on the rooftop with GBP0.38/kWh (0.43€/kWh). Between 30 kW and 100 kW
rooftop capacity for GBP0.36/kWh (0.41€/kWh). Between 100 kW and 1MW rooftop capacity
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for GBP0.35/kWh (0.39€/kWh). The freestanding rooftop capacity units are greater than one
MW for GBP0.29/kWh (0.33€/kWh) and each tariff for every kWh of electricity generated is
eligible to 20 years fixed price payment in Germany (IEA, 2011). The Germany’s FIT
assessment technique is currently on a “corridor mechanism” (Greenpeace, 2011; Bhandari
and Stadler, 2009). Figure 2-18 represents Nigeria solar PV cost per kWh from 2005-2031 for

electricity projection to conventional energy.

Figure 2-18: Projected costs of solar PV versus conventional electricity 2005-2031 (Source:
Nigeria Low Carbon Plan & Power Sector-Interim Presentation, 2011).
The renewable energy costs have continued to fall annually with some projects which credibly
claiming ‘grid parity’ in Europe (PV-Tech, 2012). The study found Conergy’s pilot project to
have achieved grid parity where renewable solar-PV power costs the same or less than retail
conventional grid (Bhandari and Stadler, 2009). A study found it is important to lower cost of
renewables in Nigeria to become similar to the level enjoyed in Europe for wider foster of
renewables market in reducing business costs of RE companies and the barrier to import
tariffs. The ‘standby’ cost per unit of electricity from generator or kerosene is greater than
GBPO0.34/kWh (Newsom, 2013). The study also revealed that a decline in the cost of the
system has been for wider acceptance of solar as well as the significant decrease in rising

prices of solar electricity cost in the past three years. Since 2009, the average cost of solar PV
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systems has decreased by 50 percent and the oil prices has risen by 36 percent. In 2012, the
solar industry worth GBP4.5 billion and the current cost roadmaps clearly position the energy

source for continuous improvement in competitiveness (Bhandari and Stadler, 2009).

2.3.3 Levelized Cost of Electricity (LCOE)

The natural gas electricity faces high price due to Levelized cost of simple cycle gas turbine
technologies and much higher to other conventional technologies because only utilities
dispatch the technology when other technologies are not available results to small capacity
utilization factor (Colpier and Cornland, 2002). The natural gas in some places is a major
source for electricity generation. The base load renewable energy power plant lowers
Levelized electricity cost (Bazilian et al., 2013). Equation 2-1 represents electricity generation
cost formula for different energy sources.

Et

n -
t=1 (141t 2-1

LEC= Yr It+Mt+Ft/(1+r)t /| %

Where,

LEC is average lifetime Levelized electricity generation cost; It is investment expenditures in
the year; Mt is operations and maintenance expenditures in the year; Ft is fuel expenditures

in the year; Et is electricity generation in the year; r is discount rate; n is a life of the system.

The LCOE commonly as a measure is used to compare different power sources. The level of
penetration per kWh value of PV generation in regional electricity market depends on many
features. For instance, more PV capacity has less valuable increment for the generation in a
given online market (Zamalloa et al., 2011). In addition, the government guaranteed the loan
for CSP commercial-scale project with the less mature PV system, experience large risks.
Directing payment to renewable generators can be more efficient than tax credits and
subsidies (grants/aids/supports). It provides better incentives for producing power because
PV can be deployed very rapidly from expectations of price-based subsidies (Schmalensee,

2015a).
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Solar radiation with higher direct/diffuse level lowers solar PV system’s LCOE operation
(Schmalensee, 2015b). The PV system in area location with higher solar resources usually has
minimized the cost of electricity by the annual mean (kWh/m2/year or kWh/m2/day). The
economic competitiveness of solar electricity relating to other generation technologies in a

particular power market depends on cost and the output of the value sold.

2.3.4 Nigeria Energy Investment Assumptions

Nigerian electricity market provides 15-year wholesale and retail prices as end-user tariffs
path for the electricity industry. NERC introduced Multi-Year Tariff Order (MYTO) in 2012 and
amended to MYTO 2 in 2014 with minor reviews each year with parameters such as inflation,
exchange rate, and gas prices. The major tariff reviews expected all stakeholders and
investors input every five years. The current wheeling charges amended (“TCN Tariff” MYTO
2.1)to GBP 6.78 (N2, 743) per MWh. The NERC published a new set of tariffs in 2015 for 2015-
2024 distribution companies with effect from 1st February 2016. This requires end-users in
different locations to pay different amounts for each kWh with the following principles. The
assumptions include cost recovery/financial viability; signals for investment; certainty and
stability; efficient use of the network; allocation of risk; simplicity and cost-effectiveness;

incentives for improving performance and transparency/fairness (David-West, 2014).

Nigeria average cost for generating, transmitting and distributing per kWh is about GBP51.00
(N20, 655) per MWh tariff (N20.66) for electrical energy use by the consumer in 2014. The
electricity price for utility grid-connected is less than self-generation. The private investor may
be discouraged considering investing in repair and upgrades from the existing infrastructure
to the building of new facilities without increasing consumer tariff (Vincent and Yusuf, 2014).
Nigeria electricity price has increased in 2016 to GBP0.06 (N18-N24.30) for household

consumption and GBP0.13 (N54) for commercial consumption.

Nigeria belongs to the group of countries with the lowest electricity consumption when
measured in per capita income and the nation’s prosperity (Olayinka, 2012). Despite being

12th world’s highest producer of oil with about 2 million barrels per day and 9th largest
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proven reserves of natural gas with about 182 tetra cubic feet (TCF) still ranked the poorest
among countries in the world (Ibitoye and Adenikinju, 2007). Nigerian power market has to
reach stability for the willing-buyer and willing-seller to ensure all aspects and NESI
stakeholders are working together to deliver quality, reliable and efficient electricity to
consumers at reasonable prices (McKinley, 2014) based on long-term goals in 2015 and
beyond. To continue to increase available capacity with the aspiration of 40 GW by 2020 will
assume 2.6 percent population growth per annum and 80 percent load factor plants
approximately 4.3 GW for the new capacity per annum for much more stable socio-economic

position. Figure 2-19 represents the power growth plan to achieve 40 GW by 2020.
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Figure 2-19: Power Growth Plan for increasing availability Capacity (Source: NERC and
McKinley Analysis, 2009).
NERC is an independent federal regulatory agency and a decision maker for grid-connection
electricity services that has the following key aspects: the technical and economic regulation
through tariff regulation, approval of capacity expansion plans and regulated company
business plans, oversight of capacity, tendering, competition, standards, quality of service and
service obligation. The issuing of licenses to companies that operate in the electricity supply
industry, monitor and enforce economic and technical regulation of the sector with separate
licenses for transmission (Dispatch), generation, distribution including retail sales as well as
decisions on regulatory approval for wholesale and retail electricity tariffs prices. In Nigeria
presently, there is no operating grid-connected renewable energy project except for

hydropower.
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Renewable energy financing is a crucial element in realizing the federal government’s policy
thrust on renewable electricity. The financing long-term involves foreign and domestic
resources and foreign investment capital that provides a greater proportion of funds needed.
The government providing guarantees and financial frameworks are required for stimulating
renewable electricity market expansion due to risk element in financing renewable electricity

projects.

The federal government continuously improves conditions to enhance funding of renewable
electricity through equity, debt financing, grants, and microfinance. Ignoring financing costs
when comparing other investment against the conventional source of energy will bias
evaluation against EE and RE investment. According to (Yogi Goswami and Frank Kreith, 2016)
report, financing is described as the amount financed, the loan period and interest rate and
usually are assumed to be a uniform payment schedule. The financing of energy investment
can alter economic viability of such investment particularly for energy efficiency (EE) and RE

investment with large initial capital investment costs returns that spread over time.

The study found innovations to be the latest affordable rural electrification solutions with a
unique focus on Africa due to sustainable benefits to the local people. The international
stakeholder has recognized the need and renewable energy potential for business evolution
with the involvement of strong wide diversity from the public sector to donors in Africa. The
modern energy services are crucial to human well-being and the country's economic
development. According to IRENA report, 1.2 billion people are without access to electricity
and more than 47 percent of these people live in Africa and 60 percent with additional
generation capacity expected to reach off-grid universal electricity access by 2030. The North
African (NA) countries, for example, possess vast RE resources whose electricity supply largely
dependent on fossil fuels. The cost analysis conducted to optimize deployment of RES
scenarios in five (5) North African countries by 2030 and 2050 confirmed high RES shares close

to 100 percent in North Africa and possibly by 2050.
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2.3.5 Photovoltaic Market

Germany, Japan, the United States, and Spain are countries that dominated and sustained PV
market. They all experience spurts of growth that contributed to overall worldwide
cumulative capacity (Bathelt and Schuldt, 2010). Germany, Czech Republic, and Italy
accounted for 4.75GW new installations. The U.S and Japan accounted for 500MW each in
2009 and among the countries that dominated the markets significantly over 15 years are

India, China, Australia, Canada, and France (Buzz, 2010).

Many developing countries lacked access to modern energy services despite how important
it is for economic development, improving peoples’ livelihoods and promoting sustainable
development (Rehfuess and Organization, 2006). Studies estimated approximately 1.3 billion
people as a fifth of the world’s population that lacks access to electricity at home and the vast
majority in Sub-Saharan Africa (SSA) and South Asia rural areas. About 81 percent of the
population in these regions relies on traditional biomass for cooking and heating despite
several disadvantages from the traditional use. The usage according to reports mainly
associated with women and children depend on the amount of time significantly spent on
fuel-wood collection, indoor air pollution, deforestation, and soil degradation (WEO and IEA,
2015). According to 2009 projection, number of people relying on traditional biomass will
increase 10 percent from 585 million to 645 million by 2030 from the business scenario and
the electricity connection rate may not keep pace with the population growth (Chirambo,
2016). Figure 2-20 represents percentage of the population-deprived access to electricity in

the developing countries.
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Figure 2-20: 2009-2030 percentage projection for developing countries without access to
Electricity.
Studies revealed 587 million Africans in 2009 lacked access to electricity (IEA, 2011a) even
though energy access very important to income and poverty alleviation. Modern energy
access virtually rises from zero to 70 percent. For example, some countries have access to
electrification programmes and many rural populations remain deprived of electricity. More
than half of the population among 41 countries in Sub-Saharan Africa has no electricity access

and average electrification rate will barely rise from now till 2020 (Shyu, 2014 and Monari,

2011).

Sustainable energy globally for all multi-stakeholder partnership initiative has three
interlinked objectives to ensure universal access to modern energy services to double the
global rate of energy efficiency improvement (Ki-Moon, 2012). Among the governments, the
private sector and the civil society, the RE has shared in the global energy mix by 2030
(Bazilian et al., 2014) that requires substantial financial and technological investments in
achieving the goals which far exceed historical levels. The general perception is that the region
contributes very little to global GHG emissions with few opportunities in reducing emissions
to attract climate finance projects (Chirambo, 2016). In 2009, the projection confirmed

million people in developing countries will continue to lack access to electricity by 2030 (IEA,

2011b).
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Modern energy access is a social and economic priority for the rural population due to direct
socioeconomic and environmental benefits because energy is indirectly an important input
factor for growth and Millennium Development Goals (MDGs) benefits. Finance is found to
be the main barrier for many rural families that have little expendable capital in Nigeria
(Chirambo, 2014). The off-grid photovoltaic (PV) deployment by combining the market,
energy use and socioeconomic elements with existing support mechanisms and incentives is
a new solution for promoting sustainable energy for remote-rural areas in developing

countries (Groth, 2012).

The electricity generation, transmission, and distribution are capital-intensive activities that
require huge resources with funding capacity because the adequate power supply is an
unavoidable prerequisite for any nation's development. The theories debate that "agile
energy systems" are where regions, cities, and communities must have combinations of on-
site or distributed energy generation such as combined heat and power (CHP) along with
central grid power generation (Clark and Lund, 2007). In addition, infrastructures with a
sustainability record may evolve over time lock-in waste handling and collaboration with
institutional, technical, cultural, and material for the emergence of more sustainable urban

infrastructures with a program to unlock urban infrastructure (Corvellec et al., 2013).

Solar energy awareness increased in the last decades and several efforts increased the
diffusion, making solar competitive in the energy market. In 2010, PV module efficiency
increase and the manufacturing cost reduction with strong public support are favourable
incentive schemes, which generated a significant rise in the installed power exceeding 40
GWp in the PV sector. The global trend for the PV sector is positive and different among

countries due to local peculiarities and evolutions with national support policies.

The study found net present value, payback capital budget, and national support strategies;
technical, environmental, economic and financial parameters to be the most important
factors affecting PV system economic feasibility. The PV system profit in each country
potentially based on the installation feature (configuration). The national support strategies

to the PV sector still play a key role for most of the countries whereas Germany, Italy and
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Spain present the most favourable conditions for a profitable installation of PV systems.
Furthermore, the initial investment heavily affects the plant profitability of all the studied
scenarios and returns to scale which significantly lead to the increased installed power plant.
However, the high rated power plants generally outperform the smaller ones (Bortolini et al.,

2013).

The theory of innovation found the attitude towards the decision to accept or reject
implementation which starts from the decision to confirmation with the following stages:
Knowledge exposure to the understanding of how it functions (e.g. the technology) through
media (TV, Newspaper, radio, handbills, colleagues, study/research, internet and training
(Lor, 2015). The persuasion can be favourable or unfavourable attitude towards innovation
where people become more knowledgeable about the technology cost, users review, features
and keen interest on how it works. The decision based on weighing the benefits, cost, trade-
off advantage and disadvantages. The implementation considers more information about the
technology with the technical evaluation in meeting expectations to enhance usage. The
confirmation proves integration of the technology seeks reinforcement through innovation

decision actions.

Payback period is related to cash inflows and outflows, timing and investment. The small
business capital often with budgeting decisions relies heavily on payback period as a criterion
(Encyclopaedia, 2016b; Bhandari, 1986). However, investment costs that recover
soon/quickly enable funds available for further use. The shorter payback time is less risky
compared to longer payback with greater risk (Schmidt, 2002). It is a method for appraising
investment proposals that calculates the time taken for net cash-flows to payback and a
measure of risk (Encyclopaedia, 2016a). For example, a company can undertake no major

expenditure that couldn’t pay itself at least for 3 years (Schmidt, 2016).

The dramatic growth of PV systems in the last century generated the need for sophisticated
tools, the mathematical models to assess PV systems electricity generation capacity and
economic benefit. For example, HOMER, Energy Plus, RET Screen and others are tools that

have a similar basis for determining the amount of electricity generation in a given area for a
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given technology (EPIA, 2011). The similarity includes meteorological components such as
solar radiation, wind speed, monthly and yearly generation, temperature and number of
hours of daylight. Across the globe, all models calculate the amount of energy generated to
determine the economic feasibility of the system in use by the majority of planners and

academic institutions.

Solar Micro-Grids according to Reja report, developing rural market offers the possibility of
providing improved electricity services within a much larger share. For example, the solar
micro-grids that recently emerged provide many features for solar household systems (SHSs)
in India. This effectively can eliminate the possibility of individual system theft and greatly
reduce the system maintenance burden for the subscribers (Amatys, 2015). Scaling up solar
PV main problem engages a sustainable process for socio-economic development due to a
vicious circle of energy poverty in developing countries. However, energy services must be
available, accessible and affordable in breaking the circle, technologists and entrepreneurs
use design, manufacturing and business knowledge to address paying attention to solar
applications (Paulo, 2008). The programs to support serious efforts need by the developed
country’s governments and international community supports to develop and commercialize

novel solar applications at all scale (Anderson and Ahmed, 1995).

The study reported that UNCED Agenda 21 held 14 June 1992, requested the International
Community’s comprehensive programme for action in achieving global environmental
improvement by the government’s development agencies, UN, and independent sector
groups. In 1992, UNCED highlighted the need to promote greater awareness and wider
application of indigenous knowledge (Morin-Labatut and Akhtar, 1992) in conjunction with
Rio de Janeiro Declaration on the environment including development for sustainable
management of ecosystems during UN conference at Earth summit (e.g. forests) (Mackay

and Probert, 1995).

According to UN report, countries are mandated with 17 set goals: no poverty; affordable and
clean energy; climate action; zero hunger; decent work and economic growth; life below

water (i.e. ecosystem/fish). It also includes good health and well-being; industry innovation

62



and infrastructure; life on land; quality education; reduced inequalities; peace justice and
strong institutions; gender equality; sustainable cities and communities; partnership goals;
clean water and sanitation; responsible consumption and production. This new sustainable
development agenda for all is helping to end poverty, protect the planet and ensure
prosperity with specific targets to be achieved by 2030 (Meara et al., 2015). In addition,
everyone needs to play a part such as the government, private sector, civil society and people

in reaching these goals toward a sustainable future.

Solar power is revealed to become the cheapest form of electricity in many regions of the
world and expected future annual sunshine power cost to become 4-6 ct/ kWh by 2025 and
2-4 ct/kWh by 2050. The financial and regulatory environments remain the key to reducing
the global market cost of hardware source irrespective of the local conditions significantly in
the future. In addition, inadequate regulatory regimes increase the cost of power to 50
percent through higher cost of finance whereas the better local solar resource can over-
compensate the effect. In most scenarios, global/regional power system modelling for future
domestic usage (PVPS, 2016) foresees only a small contribution of solar power (Johannes et
al., 2015). Solar energy is revealed to play a significant role in expansion plans for the
developing country utilities notwithstanding the high initial cost and intermittency nature of

PV system due to starving low-cost baseload capacity (Schmalensee, 2015a).

Solar energy with PV technologies globally and significantly is used for transportations,
electricity generation, and storage and business entrepreneur by world countries. For
example, Morocco has commenced two solar plants for CSP and PV systems with an 800MW
capacity (Yala; Palestine and Masen, 2017). In East-Africa, solar entrepreneur drives east-
African women business to flow in Tanzania at Bunambiyu in Shinyanga remote village using
solar power lantern light for sewing customers’ cloth when darkness falls and ordinarily, the
tailoring shop would have closed (PV.tv, 2017). In the UK, a magnificent sun-powered luxury
yacht run solely on solar power without the need of stopping for days to refuel with unlimited

potential range indefinitely in seas sail (Finance, 2017).
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2.4 Policy Aspect

The governments found promoting RE as a key component to combat climate change, which
is based on price condition, and solar energy system deployment might not be significant
without major policy incentives. The renewables rapid growth depends on policy support in
most markets, and policies to promote access to non-polluting and sustainable sources of
energy have great potential to improve public health and mitigate climate disruption. In
addition, the barriers for change include vested interests, political inertia, inability to take
meaningful action, profound global inequalities, weak technology-transfer mechanisms and
knowledge gaps which needed an address and transform the global markets (Haines et al.,

2007).

2.4.1 Government Perspective Instruments

Many governments introduced incentive schemes to attract investment in new technologies
for electricity. Millions of populations are without electricity access in Africa and Eastern
Europe/Eurasia. According to World Bank report, RETs wholesale and retail levels are yet
competitive to conventional energy commodities and a large number of governments
decided to increase solar energy development through a range of instruments including fiscal,
regulatory, market and others (World Bank , 2011). In 2015, the developed and developing
countries launched energy and climate strategies during major economic forum (MEF) to help
political leadership generate resources necessary to achieve a successful outcome from
annual UN climate negotiations to increase the supply of clean energy and for cutting GHG
emissions. The participated countries include Australia, Brazil, Canada, China, the European
Union, France, Germany, India, Indonesia, Italy, Japan, Korea, Mexico, Russia, South Africa,

United Kingdom, and the United States.

In the absence of a more comprehensive policy, the rationale is to encourage the use of low-
carbon technology for mitigating GHGs carbon tax without cost-effective incentives for
mitigation choices. The investment’s expansion helps to drive down costs of technologies

through economies of scale and learning-by-doing (Nerlove and Arrow, 1962). Itis a powerful
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force to stimulate economic development and subsidize small-scale PV off-grid and other RES
in bringing electricity to remote-poor areas. However, most developed and developing
economies employed a range of policies and practices with varying degrees of success in
overcoming the barriers. According to the report, the experiences led to enhanced

approaches and goal setting to guarantee effective action on climate change (MEF, 2008).

RE solution is a key element for rural electrification roadmaps and the working programmes
in Africa support local business creation, improve water irrigation and sanitation systems
including new opportunities for public health, education, and gender equality. It is vital to
develop young rural electrification markets to achieve the global challenge of universal clean,
reliable and sustainable electricity services in the current international policy agenda. The
Sustainable Energy for All (SE4ALL) is a strong drive for energy access and one of the main
priorities for development agenda at the local and international level (Wiemann; Ling, 2014

and Scott and Seth, 2012).

The promoted sustainable energy policies are to spur economic growth and environmental
protection in reducing GHG emissions from climate change in a global context. The growth
experienced energy-related CO2 emissions mainly due to 1.8 percent global economic
improvement on energy intensity and the trend is bolstered by gains from energy efficiency,

which expanded worldwide use of cleaner energy sources mostly renewables (IEA, 2015).

Nigerian federal government in 1998 initiated efforts to end NEPA’s monopoly for electricity
generation, transmission and distribution sales due to the problems identified, adopted a
holistic approach to restructuring electricity sector by privatizing NEPA in 2000. The Reform
Act established NERC with some responsibilities due to problems facing the electricity sector.
The Nigerian government and its agencies require promoting RE policies for electricity supply
to meet energy demand in the country. Figure 2-21 represents the global renewable energy

deployment for electricity generation.
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Figure 2-21: Global renewable energy deployment in electricity generation.

The UK government proposed more than 50 percent PV installation reduction for generation
tariff due to the consultation on a comprehensive review of solar PV tariffs. In April 2010, the
introduction of FITs rapidly increased deployment of PV technologies for small scale. The
policies centrally offer guaranteed prices for fixed periods to enable a greater number of
investors. For instance, Cornwall in the UK proposed and performed two real-life installations
on domestic PV system under 4 kW to determine the impact on FIT cuts and the possibility of
a healthy return on Investment (ROI). The result shows future installations focus on offsetting
electricity from the national grid with the long-term push for true sustainability than
subsidized schemes. The profitability of future installations features with in-service and end-
of-service considerations such as FIT, module efficiencies and end-of-life disposal associated

with implications of costs (Cherrington et al., 2013).

The different EU-states implementation increase share of RET and the ambitious targets
increasingly recognized social acceptance that forms the factor constraining expansion of
implementation and use (Moula et al., 2013). In today’s world, different circumstances exist
between developed and developing countries. The developed part of the world has

specifically formulated case studies including general frameworks for applications. In
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developing countries, the existing challenges include economic, social, security and political
stability. However, some barriers and drivers of renewable technologies distribution are the
same in the world (Eronini, 2014). In the developed countries, instruments used are feed-in
tariffs, direct subsidies, tax credits and the instruments for solar energy development

primarily are investment grants and soft loan payments.

In the developing countries, the instruments mostly used include public investment, feed-in
tariff, financing facilitation, investment tax credit, net metering and clean development
mechanism (CDM). However, CDM is the most implemented mechanism that supported and
promoted solar energy development. The key instruments generally employed in developed
and developing countries include feed-in-tariffs, investment tax credits, direct subsidies,
favourable financing facilitation, mandatory access and purchase, renewable energy portfolio
standards (RPS), net-metering, public investment, and other government regulatory

provisions (D’Agostino et al., 2011).

2.4.1.1 Feed-in Tariff (FITs)

FITs is a premium payment for the new and renewable energy technologies for electricity
generation relatively expensive but competitive with conventional technologies because the
cost of electricity-produced comes with reasonable ROI to the generator and reduces the
potential investors risk for long-term investments. In early 2010, more than 75 authorities
implemented this policy around the world such as UK, Australia, EU countries, Brazil, Canada,
China, Iran, Israel, the Republic of Korea, Singapore, South Africa, Switzerland, and the
Canadian Province of Ontario with some states in the United States (REN21, 2010). The
policies implemented covered all the solar energy technology types from small residential
rooftop PV to large-scale CSP plants. FITs have been the key driver for the recent growth of
solar power grid-connected. Studies with several concerns identified that FITs put upward
pressure on electricity rates and significantly scales up the technology’s deployment in the

medium term in the USA.

The changing payment levels increase investors, political pressure, uncertainties and holding

down the increased payments by overall market risk. For example, Germany had political
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pressure to cap policy or speed the rate of decline (Frondel and Schmidt, 2008). This to an
extent posed a challenge for balancing tariff purpose and increasing utilization of beneficiary
technologies which fiscal cost authorities considered appropriate tariff adjustments (Cory et
al., 2009). The FIT policies guaranteed grid interconnection regardless of grid location and
increased transmission costs for far sited projects from load centres or existing
transmission/distribution lines (Couture and Cory, 2009). Periodical studies revealed that FIT
policies add an adjustment to change of technology costs and market prices over time

(Couture and Gagnon, 2010).

The UK government April 2002 supported the development of renewable energy and the
main mechanisms that encourage the uptake were FITs and Regulation Obligation (RO)
(Wicks, 2009; DECC, 2009). In 2015, the electricity suppliers licensed to source for specific
annual electricity supply with a 3 percent increase target of renewable sources in 2003, 10
percent in 2010 and 15 percent (Muhammad-Sukki et al., 2013). The generators of renewable
electricity received renewable obligation certificates for each MW of electricity generated or
sale to suppliers to fulfil the obligation (UK Renewable and DECC, 2010). In 2010, the
introduction of 2009 EU renewable directives made 15 percent target progress in the UK. The
energy consumptions from renewable sources with 4.2 percent and 5.2 percent between
2012 and 2013. The renewable electricity experienced significant growth contributions along
with renewable heating and transportation rise. The UK accounted for 5.41 percent from
2013-2014; onshore wind lead the technology with (38) percent capacity at end of 2013 and
offshore wind (19) per cent, solar photovoltaics (14) per cent and hydro (8.6) per cent,
bioenergy represented (20) percent capacity, Biomass (9.9) percent as main component plant
and landfill gas 5.3 percent in the interim (DECC, 2013). Figure 2-22 shows UK industry upside

potential and downside risks for renewables deployment.
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Figure 2-22: UK Industry Scenarios.

The UK GHGs mitigation policies and activities help support renewable energy development
with various incentives. The industrialized countries designed mandates that triggered GHG
mitigation to promote solar energy (McCrone et al., 2012) with grid-connected solar PV and
solar thermal heating examples. They provided strong growth in solar energy markets driven
by the implementation of sustained policy instruments in Europe, the United States and some
of the developing countries. The PV and CSP for electric and direct heating applications
increased solar power supplies (Young, 2011). According to the report, climate change can be
limited to around 1 percent of global GDP each year and benefits for strong and early action

far outweigh economic costs of not acting (Nicholas, 2007).

The European Union (EU) between 2001 and 2004, adopted a renewable energy policy
framework for the promotion of electricity, heating, and cooling from renewable sources. The
study found FIT policies as the most effective policy instrument used to promote solar, wind
and biogas technologies among EU renewable energy (CEC, 2008) and overcome the barriers
that turned European countries into world leaders of the renewables sector. According to CTI
report, FIT played a major role in boosting solar energy in Germany and Italy in 2013 and
currently the world leading solar energy market growth. It promotes the fastest expansion of

renewable electric power at the lowest cost in spreading costs among all electric utility
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customers (Mendonca and Jacobs, 2009). The sound benefits of FITs to RE-installations
happened to be long-term planning certainty for investors/operators. German FIT payments
are specific to project size in terms of technology and scale (Mendonca et al., 2009). The
freestanding systems receive low FIT rate and the larger projects obtain lower FIT rate due to

economies of scale (S6semann, 2007).

The Germany and Spain rapid market growths for solar energy attributed to guaranteed FIT,
attractive ROI, regulatory requirements with 100 percent mandate for grid access and power
purchase (Jenner et al.,, 2013). The U.S federal and state incentives with regulatory
mechanisms such as RPS received credits for rapid solar energy deployment. Studies claimed
that FIT decrease could drive investors away from solar energy markets being the primary
basis for investor’s confidence (Kreycik et al., 2011 and Elliston et al., 2010). It attracted
premium payment for generating electricity through RETs in developing countries with
examples in China and India (Teodorescu et al., 2011; EPIA, 2011 and CERC, 2010), Republic
of Korea, Singapore, South Africa, Tanzania (Cossen, 2013), Kenya (PV Magazine, 2013) and
Philippines (Hans, 2013). In developing countries, policy incentives drive the PV market with

increasing momentum.

2.4.1.2 Investment Tax Credit

Several governments around the world implemented different types of investment tax credits
to support solar energy. For example, investment tax credits cost approximately GBP623
(USS907 million) over 10 years in the United States. The U.S federal government provided 30
percent investment tax credit for solar energy business expenditure on the electricity
generated equipment for heating/cooling and hybrid solar lighting systems (Chirinko and
Wilson, 2008). The investment tax credit through depreciation deductions accelerated the
cost-recovery system. The investment tax credit through depreciation deductions accelerated
the cost-recovery system. The American Recovery and Reinvestment Act in February 2009
provided 50% bonus depreciation that implemented 100% bonus depreciation between 2008

and 2010. After September 2010, solar energy technologies implemented and still in service.
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The residential owners/households in the U.S claimed 30% qualified expenditures credit on
solar energy equipment (e.g. labour costs for onsite preparation and assembly of original
system installation). The 30 percent federal tax credits provided significant leverage to solar
energy development and state governments supplement federal tax incentives with their own
programs. In 2006, APS project installed 1MW CSP (i.e. Sugarno project). In 2007, Boulder City
of Nevada installed 64 MW of CSP parabolic trough that largely benefited from the federal
tax credit scheme (Gordon and Hines, 2002 and Canada, 2004). In 2016, the federal tax credit
exceeded tax liability and excess amount carried forward to the succeeding taxable year. The
developing countries with tax policy implementation in Bangladesh and India (Banerjee &

Duflo, 2014 and ESMAP, 2011).

2.4.1.3 Subsidies

Direct subsidies and tax credits in most countries are the primary instruments used to support
solar energy development in the form of investment grants/capacity payments soft loans (i.e.
interest subsidies or production-based payments). The Spanish government in 2000 launched
a program that provided grants between GBP218/m2 and GBP275/m2 (€240.40/m2 and
€310.35/m2) for solar thermal technologies. Rebate under California Solar Initiative (CSI)
presented a subsidy scheme/program for solar energy in California. In 2017, CSI program
about GBP2.3 equivalent to ($3.3 billion) supported 3,000 MW PV development similar to
EPBB rebates known as a performance-based incentive. The location and other factors are
taken into account are Buy-Down level based on expected system performance. The smaller
and 50 kW systems with better-projected system performance receive higher rebate benefit.
The level of Buy-Down starts from GBP1.9/watt ($2.80/watt) for the private sector with
federal tax credit without public sector and NPOs beneficiary. However, the rate declines with
certain blocks of capacity and over 50 kW system eligible for five-year PBI similar to the

declined EPBBs.

Private sector production incentives offered GBP0.27/kWh and GBP0.34/kWh for non-profit
and public organizations preliminary results indicated ambitious target set under CSI reach

(CPUC, 2011). In 2011, the incentive for residential sector progressed more impressively than
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the non-residential sector with installed 506 MW and 403 MW pending. The previous
experience and program indicated some troubles in achieving 29 targets without program
adjustments (Harris and Moynahan, 2007). However, the increasing rate of new solar
installation since 2008 has put back the program on track due to induced efforts to reduce PV

costs.

In 2008, according to annual program projected for Go Solar in California, CSl declined faster
than 7 percent. The levels to sustain market growth in the future due to low incentive forced
installation costs low enough to supply attractive systems to customers (Hering, 2008). The
tax rebates system in New Jersey cost GBP344 ($500 million) annually and only 10 kW of
smaller systems qualify for the rebates whereas more than 10 kW larger systems compete for
tradable solar renewable energy credit market enables the state government to reach the

goal and avoid high costs (Winka, 2006).

2.4.1.4 Renewable Energy Portfolio Standard (RPS)

The RPS requires electricity suppliers (e.g. utilities, distributors) to have a certain percentage
of supply from RE source at national, state/provincial levels and many developed countries
set a penetration target for RE total electricity supply mix. This standard supplement the
trading regime and utilities with limited renewable electricity content for overall supply
portfolio. The high cost of RE development in Europe cannot meet the obligation of buying
certificates from those with higher renewable electricity content through Tradable Green
Certificate (TGC) schemes. However, 31 out of 50 states in U.S and Hawaii introduced 10-40

percent RPS by 2030 and several states created RPS with specific standards for solar energy.

New Jersey required 6.8 percent of electricity sold in the state from renewable and 0.16
percent from solar PV systems in 2008. Solar state electric facilities reported to generate
2,518 GWh by 2021 and 5,316 GWh by 2026 (Bird et al., 2011). This created a stand-alone
market for solar RE credits (SRECs) and capped market price with the use of “alternative
compliance payment” (ACP) for about GBP206/MWh ($300/MWh). Nevada’s RPS mandated

20 percent of the state electricity to come from a renewable resource and 5 percent from
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solar power in 2015 (NREL, 2012 and 2008). The California RPS substantially contributed to

the realization of large scale CSP plants of 500 MW project in the Imperial Valley.

2.4.1.5 Public Investment

The Federal Energy Policy Act under the public sector in the U.S established Clean Renewable
Energy Bonds (CREBs) as a financing mechanism for renewable energy projects. The
legislation between 1 January 2006 and 31 December 2007 issued and allocated GBP540
(S800 million) tax credit bonds. The Energy Improvement and Extension Act allocated ($800
million) new CREBs in 2008. The American through Recovery and Reinvestment Act allocated
additional GBP1.09 equivalent to ($1.6) billion for new CREBs by increasing size of new CREB
with GBP1.65 ($2.4 billion) allocation in 2009. The treasury department reported allocation
of GBP1.5 ($2.2 billion) new CREBs for 805 projects in October 2009 across the country.

The CREBs for electricity issued in cooperatives, government entities, states, cities, counties,
territories including the Indian tribal governments/any political subdivision and certain
lenders. The Department of Agriculture established Rural Energy for America Program (REAP)
to provide grants and loan guarantee for RE system investments, energy efficiency
improvements and RE feasibility studies in the U.S (Willis et al., 2006). About GBP175,
equivalent to ($255 million) funding was allocated under this program between 2009 and
2012 and the kind of investment used in financing RE by the public sector in developing
countries. This is the main driver of solar energy development in China (Ma, 2004) and

Philippines (WWF, 2008).

2.4.1.6 Net Metering

Net metering allows households and commercial establishments to sell excess electricity
generated from solar systems to the grid. The countries that implemented this incentive are
Australia, Canada and the United States with some European countries such as Denmark,
Italy, and Spain. For example, the net metering programs in the USA are limited to RE facilities
and up to 10 kW and 1 MW in California. In Prince Edward Island, up to 100 kW and 500 kW

at Ontario in Canada. In addition, most other programs require only customer’s total annual
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consumption purchases without paying for any electricity generated or retail tariff amount
received for the output. This program was implemented in Kenya (Meza, 2013) and Ghana

(Bruckner, 2013) among developing countries in Africa.

2.4.1.7 Clean Development Mechanism (CDM)

The (UNEP, 2011) and (Curnow, 2006) found that CDM under Kyoto Protocol for climate
change regime is the main vehicle for solar energy promotion in the developing countries of
which industrialized countries purchase GHG reductions for projects in developing countries
with cheaper price in reducing GHG emissions than industrialized countries. In July 2011,
6,416 projects were registered under CDM projects and about 109 projects under solar energy
with an annual emission reduction about 3,570,000 tons of CO, and 89 projects in China,
South Korea and India locations (Das, 2011). Solar energy projects accounted for very small
fraction (< 1 percent) of total emission reductions for the total registered CDM projects

(Burian and Arens, 2014).

2.4.1.8 Other Government Regulatory Provision

The governments of many countries introduced laws mandating transmission companies and
electric utilities to provide transmission or purchase electricity generated from RETs including
solar PV systems. The regulation mandated installation of solar thermal systems and the main
driver for solar thermal development applications in Spain, Israel, China, Germany, etc. For
example, Germany guaranteed all RE generators to have priority access to the grid. GOC
(2005) reported that electric utilities are mandated to purchase 100 percent of the grid-

connected PV system’s output regardless of whether or not the systems are customer-sited.

2.4.2 National Energy Policy Framework

Nigeria Energy Policy is established to remove key barriers on RE and EE frameworks over
other forms of energy including economic, regulatory and institutional issues. The drafted
policy document in addressing diverse issues recognized the multi-dimensional nature of

energy which includes RE supply and utilization; pricing and financing; legislation, regulation,
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and standard. It aims to provide optimal utilization of the national energy resources for
sustainable development that involves private sector active participation. Oyedepo’s found
that the Nigerian government has a major role to play in creating enabling environment in

meeting energy challenges facing the country (Oyedepo, 2012b; IEA, 2011b).

Nigeria policy objectives and strategies fundamentally have demonstrated a crucial nature of
energy for national goal development and implementation (Oyedepo, 2012a). Policy
implementation for local RES is for encouraging and enhancing the country’s electricity supply
capacity; the policy strategies for promoting RES contribute towards electricity generation.
The main goal for electricity objectives is to accomplish full deregulation of the electricity
supply industry (ESI) to ensure Nigeria electricity supply industry meet the citizen’s needs.
The current and future electricity demands to modernize and expand coverage, support
national economy and social development throughout the country with neighbouring
countries relationship in 21st century. The priority to create efficient market structures within
clear regulatory frameworks will encourage more competitive markets for electricity
generation, to attract private investors and to ensure sound development system and

efficient demand in an economically viable manner (Okolobah and Ismail, 2013).

The National energy development with a comprehensive integrated and well-informed RE
and energy efficiency (EE) sector plans and programmes is to ensure effective development
for diversified energy resources option use to achieve national energy security as well as
energy efficient delivery system for optimal energy resource mix. To establish an appropriate
financing mechanism to support private investment in the sub-sectors and ensure the
development of nation’s RE and EE resources with effective coordination and collaboration
among all players of RE and EE activities in Nigeria (NERC, 2015 and NEP, 2003). The FMOP,
FME, and ECN are established departments and agencies (MDA) with the responsibility of
creating awareness to investors and consumers due to economic potential of RESs outside
hydro source of energy. NERC, a government agency recognized RES potential and
encouraged IPPs to carry out feasibility studies for RE generation while proposed FITs for
electricity generation for RES developers based on PPAs data collection with off-taker

negotiation (FMOP; NERC, 2014 and NERC, 2013).
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2.4.2.1 Nigeria Electricity Sector Reform

Nigerian government holistic approach in 2000, for restructuring power sector reform and
privatization of business units (Oyeneye, 2004). The constituted National Electric Power Policy
(NEPP) established in 2001 includes the Electric Power Sector Reform Act (EPSRA) under
fundamental power sector reforms framework. The reform acted aptly as a foundation to
restructure the power sector which evolved NEPP to enable private companies to participate
in the generation, transmission, and distribution of electricity (Okolobah and Ismail, 2013).
The reform acted with two broad missions based on service delivery for completion of new

NIPP projects and up-stream, mid and down-stream recovery of installed capacities.

The legal framework includes the Electricity Corporation of Nigeria Ordinance in 1950. Niger
Dam Authority Act in 1962. The Cap 256 for National Electric Power Authority Act. The 1990
amended Laws of Federation of Nigeria (LFN). The LFN amended Cap 106 of the Electricity
Act. The 2004 LFN C23, LFN P38 Cap for Public Enterprises (Privatisation and
Commercialisation) Act. The LFN E12 Cap on Environmental Impact Assessment Act (EIA). The
1999 CAP Constitution of FRN; 2005 No. 6 Electric Power Sector Reform Act; 2007 No. 25
National Environmental Standards and Regulations Enforcement Agency (Establishment) Act.
The 2006 SC Order No. 1 for Electric Power Sector Reform (Transfer of Assets, Employees,
Liabilities, Rights, and Obligations); National Domestic Gas Supply and Pricing Regulations,
National Domestic Gas Supply and Pricing Policy and 2010 Roadmap for Power Sector Reform

(Ojo, 2017; Oni, 2013 and Okeke, 2015).

The overall broad policy formulation is FMOP, NERC, and others. The NERC carries out
regulation and marketing of electric/power sector. The two agencies that drive the power
sector reform and liberalization are BPE and NCP in Nigeria (Okoro and Chikuni, 2007). The
NELMC, a special trade bulk purchase resales license to manage existing PPAs with new
procurement of power transition. The EMSL carrying out consulting services provide sharing
services such as logistics and meter testing. The NPTI provides world-class training to support
utility workforce. The NBET bulk trader solves major problems of bankability of electricity

projects. The TCN handles transmission of electricity across Nigeria. The CBN for revenue
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shortfall follows pre-transition sage and sets up stabilization facility and conditional
disbursements among other things with the current tariff rate migration from MYTO2 to

MYTO 2.1 for more reflective cost (Newspaper, 2015 and Salami & Elebiju, 2004).

Nigeria experienced low per capita consumption with an average generation of 3,800 MW
prior to 2005 EPSRA reforms. The reforms moved the power sector from the state of
monopoly to a competitive electricity market. Nigeria has many successes from power sector
through Pre-2010 reform. NERC licensed more than 20,000 MW power few years ago for grid
but the licenses do not make real progress in executing the projects due to the inconsistent
policy direction of the electricity supply industry. The past government policy decisions were
based on political/administrative interest than efficient resource allocation that lacks strategy
framework for sustainable development. The cost recovery is necessary for economic
development but the country’s strategic energy policy yet to be implemented (Okolobah and

Ismail, 2013).

In May 2010, Goodluck Jonathan established the Presidential roadmap for power with earnest
resumption of stalled NIPP program, the Presidential Task Force and Presidential Action
Committee based on power inauguration. Nigeria Power Sector Reform launched a Road map
with reconstitution of NERC Board in August 2010 (McKinley, 2014). The implementation
started when policies moved into action from 2010-2012 with solid progress. In 2011, NERC
effectively was re-established, the Bulk trader, NELMCO, NAPTIN, operational and
privatization process. The operational management contractor for TCN also established while
PHCN winds down in process. The World Bank supported PPAs with MOU for equity
investment in power generation projects with General Electric, Siemens, Daewoo, Eletrobras
and cost-reflective tariffs for renewables Feed-in tariff under MYTO Il (NERC, 2016). In August
2012, the Manitoba Hydro International took over TSP with 3-5 years’ management contract
agreement (McKinley, 2014 and Ince et al., 2010). Table 2-4 represents the Key players reform

functions and strategy ownership and control.
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Table 2-4: Key Players Reform Functions and Strategy Ownership and Control

Key Players

Functions

Presidential Task Force

Drives the reforms by uniting different
stakeholders, monitor plans and
implement projects

Bureau of Public Enterprise (BPE)

Drives privatization of the government
owned enterprise in the sector like
Gencos and Discos

Nigerian Electricity Regulatory
Commission (NERC)

Regulates the sector, issue licenses
and set tariffs

Nigerian Electricity Liability
Management Company (NELMCO)

Manages legacy liabilities and
stranded assets

National Power Training Institute of
Nigeria

Provides training required to support
the power sector

Power Consumer Assistance Fund

Subsidizes electricity for consumers

(POLAF)
Current Configuration
Gas Gas Power Power Power
Production Transmission | Production | Transmission Distribution
Ownership Mixed FGN Largely FGMN FGMN
FGN
Operational Largely FGN Largely FGN FGN
Control Private FGMN
Required Configuration I
Gas Gas Power Power Power
Production Transmission Production Transmission Distribution
Ownership Mixed Mixed Largely FGMN Fully
Private Private
Operational Largely Largely Fully Fully Private Fully
Control Private Private Private Private

Privatization commenced in December following successor companies on current reform
when NEPA become dissolution to PHCN and 18 successor companies created such as six
generation companies (Gencos), 11 distribution companies (Discos) and the national power

transmission company (TCN). The FGN retained ownership of TCN under Manitoba Hydro

(Sources: NERC and McKinley, 2014).
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International management, wholly owned subsidiary of the electric Canadian company and
natural gas utilities and handed the privatized generation and distribution assets to private
owners. The reform brought liberalization and commercialization of the national utility
company. In 2013, the second phase of the privatization process commenced to sale 10
government-owned independent power projects called NIPP (Newspaper, 2015). The process
is a major transition from vertical integrated public-owned electricity network to large
private-owned electricity network with different separation of electricity segments. The
regulatory agencies are the Rural Electrification Agency, Fund, and Electric Power Consumer

Assistance Fund.

The electric power sector reform bill with other key components mandated NERC the
responsibility to regulate tariffs and quality service effectively; to oversees the industry with
anti-competitive behaviour and licensed electricity companies for mergers and acquisitions;
institutional and the enforcement requirement for regulatory regime; licensing generation
Company’s system operator, transmission services, distribution companies and trading
companies. The legislative authority has special conditions for licenses while the provision is
related to public policy interest to fuel supply on environmental laws, energy conservation,
and management of scarce natural resources. The promotion of efficient energy and RE with
the publication of reports and statistics and the legal basis is necessary for establishing,
changing, enforcing and regulating technical rules with market rules and standards

(Newspaper, 2015).

MDAs (an inter-ministerial committee of stakeholders) constituted and mandated RE and EE
policies to attract investment in the electricity sector (Nebo, 2014) and developed some
documents to pursue RE ventures. The government encouraging participation of private
sector in power sector granted incentives with five years tax exemptions and customs duty
for only importation of power plants/equipment and any other assistance to IPPs to fulfil all
technical and commercial requirements towards building power plants (Naibbi and Tukur,

2017) and this is yet implemented to commence the development.
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The Public-Private Partnership (PPP) needs to encourage a concession plan for distribution
sector towards privatization to enables the private sector to create demand and allow IPPs to
enter into Bi-lateral agreements with concessionaires. The involvement of private investor’s
sale or concession of NIPPs ensures fixing and completion of the projects. The government
transfers or leases all NIPPs to the private investors for efficient management. The
implementation involves construction and operation of plants to meet present-day realities
of selling electricity to identify areas of need and allow quick generation of power to relieve
present pressure on national grid as well as to remove the burden of worrying and stranded

assets and government investments.

The FGN executed gas pricing regulation enshrined in Gas Master Plan for right pricing
promptly to help aggregation of prices while putting in place incentives for private
developers. To intensify Pre-paid metering efforts, provide prepaid meters to consumers to
ensure judicious use of power and cut down on losses incurred for unsettled bills. Reducing
the number of illegal connections and making consumers pay for electricity consumed is
necessary. Strengthening distributed generation from the centrally controlled system for
Nigeria grid system increases distribution efficiency and greatly reduces losses incurred from

long distance distribution (Asaju and Akume, 2010).

2.4.2.2 International Donors and NGOs Participation

The federal government committed to mobilizing resources, the international cooperation
towards RE development for sustainability in Nigeria, promotes financing of a grant from
government agencies and independent foundations. The following objectives are to ensure
international donors and NGOs active interest in developing RE in a well-coordinated manner,
to ensure RE programs deployed for the desired impact that yield results by NGOs, to ensure
Nigeria participates in RE programs rolled-out by NGOs with RE competence to drive
refinancing. The FMOP strategies include engaging all NGOs operating in Nigerian RE sector
with the intention of having them articulate annual RE program targets and continually ensure
close cooperation during RE development projects. The government encourages NGOs to

support RE sub-sector by producing competence building tools and capacity building
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assessment and training. In addition, the NGOs, development partners, civil society and
donors work with FMOP to fund RE projects demonstration and feasibility studies through

the provision of grants and donations.

Power Africa supported the development of the energy sector through credit enhancement,
grants, and technical assistance and investment promotion efforts. The measures include
mobilizing affordable and long term financing to support capital and operational expenditure
requirements for generation and distribution companies to accelerate electricity market
development. In addition, Power Africa has helped to advance major infrastructure
investments, promote U.S technological solutions and strengthen the Nigerian national
systems through technical assistance and national organizations for improving electricity
procurement and regulatory functions. They delivered power based on lending across a
variety of recipients including agro-processors, healthcare facilities and households willing to
retrofit facilities and companies willing to establish and maintain plants to generates clean

energy (Obama, 2015).

Power Africa produced by U.S government agencies has provided support for trade missions
engaging American companies interested in investment opportunities in Nigeria. The Power
Africa Initiative has provided political risk insurance for project loans and risk mitigation
efforts coordination with FGN. The agencies have awarded seven times GBP68, 729
(5100,000) grants to entrepreneurs for innovative and the off-grid energy projects in
partnership with General Electric (U.S-African Development Foundation) and others.
However, the partners for Power Africa include Heirs Holding, UBA Capital, General Electric,
Africa Finance Corporation, Africa Development Bank, Standard Chartered Bank, Symbion
Power, Africa Infrastructure Investment Managers, Nigeria Solar Capital Partners, America

Capital Energy, and Infrastructure and World Bank in Nigeria (Africa, 2016).

The Power Africa goal is to increase electricity access by adding more than 30,000 MW of
cleaner and more efficient electricity generation capacity to 60 million new home and
business connections across sub-Saharan Africa. They work beyond grid sub-initiative to

expand rural electrification access for small-scale off-grid technology including the New
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Operating Model and mobilizing partnerships and investments in energy and the unique
private sector. The expertise is drawn by power Africa with abilities of 12 U.S government
agencies, the World Bank Group, the African Development Bank, the Government of Sweden,
African governments and private sector partners. The “Toolbox” approach offers a range of
resources and tools to advance key projects on electricity grid by leveraging U.S. expertise in
energy technology and regulatory reform with the U.S government and private sector
financial resources. Power Africa has helped to drive quick-impact interventions and policy
reforms to push sustainable energy development (USAID, 2015) and Leverage Partnerships

have increased access to power in Sub-Saharan Africa.

The U.S government on Power Africa initiative aims to increase the number of people with
power access in sub-Saharan Africa. For example, the U.S ex-president worked with African
governments and private sector partners to remove barriers that impede sustainable energy
development in sub-Saharan Africa to unlock substantial wind, solar, hydropower, natural
gas, biomass and geothermal resources in the continent (Obama, 2015). Power Africa has also
leveraged more than GBP14 (S20 billion) commitments to the private sector on the off-grid
new projects in sub-Saharan Africa. The U.S. government committed to providing more than
GBP4.8 (S7 billion) financial support, loan guarantees and technical support. The U.S
government committed to Power Africa have three dollars’ leverages in private sector
investment commitments. In addition, the African Development Bank, the World Bank Group
and the Swedish government who collectively committed additional GBP6 (S9 billion) in

support of Power Africa (USAID, 2015).

2.4.2.3 Local-Indigenous and Foreign Banks Participation

Nigerian government alone cannot continue to provide major finance for developing RE sub-
sector because of other computing needs to make private sector participation necessary and
imperative in developing RE sector through indigenous participation to attract foreign
investments. The efforts through lending to RE projects sensitize RE and incentivize

investments to attract domestic banking sector participation. In late 2014, the Power Africa
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in partnership with Standard Chartered Bank to make critical lending available for privatized

Discos and Gencos.

The government and NGOs played a dominant role in sub-sector with the presence of the
private sector in investments and technological input including value-added mainly from
foreign NGOs in energy sector activities. Government spending in the sector to optimize and
encourage the ability of indigenous private sector and ordinary Nigerian citizens to participate
and compete in the process helps to secure healthy development of RE sub-sector with a high

level of local content and value added to maintain RE sub-sector activities.

The objectives of indigenous participation include ensuring effective participation of
indigenous private sector in RE industry value chain with regional policy indication, to ensure
broad-based participation of Nigerians in RE sub-sector investment opportunities, to achieve
a high level of local content activities, to ensure socio-economic and healthy politics and
secured RE sub-sector development. The Vision 2020 is an economic role plan to make Nigeria
electricity industry become one of the most 20 developed and largest economy in the world
by 2020 (Asaju and Akume, 2010). Electricity industry allows private sector participation in
the sector through favourable platform with respect to cost-effective tariff structure for end-

users and systematic withdrawal of subsidy (Oyedepo, 2012b).

The short-medium term targets (3-5 years) include ensuring generation, transmission, and
distribution systems with efficient, safe and affordable marketing throughout the country. To
ensure the power sector attracts private investment in Nigeria and Overseas and develop a
transparent and effective regulatory framework for the power sector. To develop and
enhance indigenous capacity in the electric power sector technology and to participate
effectively in international power sector activities and promote electric power development
in meeting the country’s international obligations and derive maximum benefit from
international cooperation in these areas. To ensure government divests interest in the state-
owned entities and entrenches key principles in restructuring while privatized power sector,
and to promote competition to meet growing demand through full liberalization in the

electricity market (FMOP, 2014).
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2.4.2.4 Off-grid and Grid-Connected Electricity

The 1999 Constitution mandated state governments to be responsible for the development
of off-grid electrification and joint responsibilities with the federal government on Electricity
Power Stations (EPS). The state role involves regulation of off-grid non-centrally dispatched
electricity operations and wholly limited within state boundaries. The privatized electricity
industry competing over monopoly transmission and distribution grids requires effective
regulatory agency independent of the government for all companies operating in the industry
(NBS, 2012a). However, Ministry of Power and Steel provided new electricity law for an
independent regulatory body with the clear appointment and dismissal rules including a
source of independent funding, appropriate checks, and balances to ensure the regulation
operates in a fair transparent way and continue vertically to integrate systems without any
imposed separation of functions or cross-ownership restrictions (NBS, 2012b). There are
many small-scale less than 50 kW solar PV mini-grid and rooftop PV projects distributed across
Nigeria to be built with small loans issued by Bank of Industry and other lenders (Paisner,
2016). The introduction of FITs and establishment of NBET a credible and creditworthy for

off-taker of renewable power supported by World Bank (Oni, 2013).

The rural electrification policy options for on-grids, off-grid, mini-grid, and non-thermal
renewable primarily to access expansion in a cost-effective manner and ensure close
coordination of rural electrification expansion with economic development objectives. The
states, local community’s businesses are encouraged to develop and contribute financially to
rural electrification. The independent rural electrification fund by rural electrification agency

is established for developing both grid-connection and off-grid rural electrification.

The long-term target (5 years) include providing a new regulatory environment and
sufficiently flexible taking into account new technological development with international
trends in the power sector. To ensure electricity supply more reliable, economically efficient
and equitable to effectively support the socio-economic development of the country, to

provide universal access to electricity not necessarily through the grid, to ensure leadership
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role in the development of proposed West African Power Pool for Nigerians (IRENA, 2016 and

IRENA, 2013).

2.4.2.5 Nigeria FIT Initiatives

Renewables Incentive Analysis based on FITs is an instrument for promoting the generation
of electricity from RES. It allows power producers to sell generated RE electricity to an off-
taker at a pre-determined tariff for a given period. The Nigerian government interested in RE
resources introduced two incentives namely the financial and fiscal RE funds under the
umbrella of FIT to promote the development of RE and EE development: To ensure a
sustainable way of meeting energy demand and limiting high initial costs and preventing
energy market across the country. The financial incentives on demand side are subsidies and
grants and fiscal incentives on the supply side are tax relief, levy tariff and duties (ECN, 2012;
Emodi and Ebele, 2016). The 30% subsidies and grants for RE initial cost and EE facility are for
communities, enterprises, and individuals with the projects interest (Emodi, 2016). They
provide a free sponsor training programme for capacity development of communities and
individuals with interest in RE production, operation, and maintenance of woodstoves
improvement, more efficient biomass stoves and O&M of solar PV system installations and

import of energy efficient products for appliances and equipment.

The fiscal incentives include producers/providers of RE and EE goods and services, the
manufacturers, corporate importers and suppliers, providers of technical services and
supports. It provides corporate organizations with thirty percent low-profit tax over the
prevailing 50% rate for RE and EE ventures; tax holiday for a new company into RE and EE with
a minimum of ten years’ operation and reduction of import duties for RE materials,
components and equipment’s imported. RE devices with the components, enjoy free import
duties. It also includes, zero PV modules, module sub-assembly and spares; solar batteries,
inverters, charge controllers; solar water pumps and solar refrigerators; sub-assembly spare
parts, zero solar thermal water heaters for selective surfaces and transparent insulation; zero

biomass energy processing equipment/plants. In addition, EE appliances and equipment with
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twenty (20%) capital allowance investment per year for the first four years as well as (19%) in

the fifth year whereas government retains one percent (NREEEP and ECN, 2015).

The government provides fifty (50%) free interest capital relief to manufacturers for initial RE
investment and energy efficient equipment devices/facilities based on production activities.
Repayment schedule relief of 10%, 20%, 30% and 40% in 1st, 2nd, 3rd and 4th repayment
years starts from the second year of production. The initial purchase taxes such as VAT for
an individual, corporate and community consumers into RE and EE technologies is to be
ignored. Income taxes and levies for individuals and corporate bodies who acquire their own
cost of RE and EE technologies are limited to 10% minimum on the amount spend for RE and
EE technologies under income tax/community levies by the government (FMOP and NREEEP,

2015).

2.5 Summary

The theoretical information revealed that solar energy with PV system performance mostly
depends on solar energy availability, the efficiency and system temperature for the power
output. The review literature confirmed that solar energy could play a significant role in the
country’s expansion plans due to inadequate electricity supply from the weak transformer of
the load capacity. Technically, solar abundance is useful for adequate generation and a good
return on investment across the country despite high initial cost of the PV system and solar
intermittency. Politically, government commitment to spending on solar technology
development will facilitate the financial support from the banks, insurance and capital
markets (private sector) and boost economic growth. Economically, increase investment for
infrastructure development, improve quality of life and income growth for social and
environmental benefits, and establishing programmes and schemes will ensure basic access
needs such as education, energy services, goods, and services, enabling environment,
transportation, communication, and other socio-economic activities in the country. In Nigeria
However, the case study (Nigeria) has a limited number of published papers for the PV grid-

connected system require further research.
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CHAPTER 3: METHODOLOGY

3.1 Introduction

This chapter discusses the approaches and methods used to address the research questions.
It used different methods of data collection such as the questionnaire, interview, and case
studies. The RET Screen and PAYG models were used for classifying data. This study found
the combination of interdisciplinary approaches, most suitable for answering research
guestions on technical, economic and policy perspectives (Multi-disciplinary) respectively.
The mixture of qualitative and quantitative approaches offered more comprehensive
measure for understanding the complex issue that a single approach could not provide which
focused on related solar energy application with PV system in order to address demand and
supply gap, cost and the environmental impact based on relevant policy to achieve the study

objectives.

3.2 Types of Research Methods/Approaches

There are two approaches that can be used as methods for collecting data, which are
guantitative, and qualitative research approaches. This study used both approaches. The
guantitative research method is used for a target sample for participants through the
guestionnaire to generalize targeted population with demographic information on age,
gender, and occupation. This study used a questionnaire to collect quantitative data which
also used for more information to examine the statistical significance of practical results

based on the size effect and confidence intervals percentage.

The qualitative research method provides background information about an application
based on the origin of the investigation. This technique primarily describes the understanding
of “others” need from different collective levels such as ethnic group (Small, 2009). In
addition, it shows how people understand other’s need for research and difference in getting
to the bottom of the differences (Gibbons, 2014). Therefore, favour studying of cases to gain
in-depth understanding. The case studies which is descriptive added meaning to the entire

study text carried out by reading and analyzing the case study findings.
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This study employed both qualitative and quantitative methods due to the following reasons.
The qualitative research improves data analyses, interpretation and focuses on the
behavioural factors which answer the questions related to "why" and "how". The quantitative
data support qualitative data with mathematical and statistical research techniques. The
gualitative seeks answers to questions on how social experience creates meaning. In contrast,
the quantitative provides measurements and analysis of causal relationships between

variables without processes (Denzin and Lincoln, 2002; Denzin and Lincoln, 2011).

3.2.1 Quantitative Research Method

The quantitative research method was used in this study because it offers objective
measurement based on analysis of numbers, research topic, questionnaire sample or survey.
It classifies the features, counts them and constructs statistical models with an attempt to
explain observations/results. It is used to determine the relationship between independent
variable and dependent variable for the population in terms of regression. It also studies,
gathers data and structures research instruments used for results on large sample size
through the population representative (Brians, 2011a). It involves research questions that
clearly define answers to objective required by a researcher (Brians, 2011b). It designs all
aspects of study carefully before numbers and statistics data are collected, and often
arranged in tables, charts, figures and other non-textual forms (McNabb, 2008). It generalizes
concepts more widely to predict future results or investigate causal relationships. For

example, researchers use questionnaire or computer software tools to collect numerical data.

3.2.2 Qualitative Research Method

The qualitative research method is widely applied in various research settings to define a
process of exploring, interpreting and uncovering complex actions in a more subjective
approach. In this study, it studies things in natural sceneries, makes logic out of meaning, and
offers greater flexibility to address appropriately and effectively the research design to solve
the research problem. This method engages things that generate factors into analyses and

explanations (Murcott, 1997). It was used because it helps generate rich detailed data, leaving
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participants' intact with perspectives while providing multiple contexts for an understanding

of a phenomenon under study (Anderson et al., 2010).

This study employed case studies, interviews to provide the researcher with participants’
perspective through direct interaction with them (Claire and Babbie, 2010). They allowed the
researcher to describe the phenomena under study because they offer flexible ways to
perform data collection with subsequent analysis and interpretation of information collected
(Lincoln and Guba, 2000) in terms of quantity, amount, intensity/frequency, qualities of
entities, processes, and meanings that are not experimentally measured (Ellis and Levy, 2012;
McNabb, 2008 and Ellis, 2008). In this study, the researcher using the data sources to describe

PV system quantity and quality of solar energy.

3.2.3 Sources and Data Collection Methods

During the investigation process, this provides added opportunity to evaluate outcome of
collection from the questions selected based on appropriate strategy for narrative analysis
(Creswell, 2008). Researchers can collect data from primary or/and secondary sources.
Primary sources include surveys, observation, experiments, and interviews. The primary data
was collected from the questionnaire, interview, and case studies. The RET Screen, regression
and Innovative financing models were employed to process and classify data. However, this
study used a secondary source such as books, internet publications from websites, published

reports by the governments, the private, and documents from ministry considered.

The primary sources include an in-depth structured questionnaire, semi-structured
interviews, and case studies. The quantitative and qualitative research methods were used
for better understanding of solar systems deployed through a descriptive analysis of case
studies conducted across the country. The questionnaire was distributed as a source of
primary data from a large sample size of fifty-seven questionnaires. Interviews were
conducted with focus groups. Moreover, case studies were selected based on the use of solar

system deployment for the country’s off-grid applications.
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The secondary data source involves collecting information from journals, articles, official
documents, business publications and internet assessment with the ideas used for the
research question outline. The secondary sources included the reviewed literature based on
the evidence documented from the investigation of primary source for off-grid installation as
ajustification in the case study. It helped the study to propose solar PV systems using software
simulation for decentralized and centralized applications and further to reduce costs across
the country. Figure 3-1 represents the data collection methods that also shown in selected

and compared pros and cons table in Appendix 3a.

Data Collection Methods

Primary data collection Secondary data collection

I I
Interview on Focus group

Casectudies Information from research

Structured questionnaire nformation from published reports from

various private and government sectors

Off|c|a| documents Publishe newspapers articles

Internet websites

Figure 3-1: Instruments employed for Research Data Collection.

3.2.4 Questionnaire

The questionnaire is a source of data collection, which has been the most predominant design
method for the distribution of the research questions. The sample size is relatively large
number comprising of 57 questionnaires. It means the larger the number of questionnaire
items the more statistically reliable the results. The questionnaire was used in the field that
started in December 2015 until May 2016 in different selected locations visited in the case
study. According to (Gall and Borg , 2007: p.228), designed questions are used to collect data
of individual and social entity such as households, and institutions. The primary data
collection provided socio-demographic information with respect to Nigeria installed PV

system case studies with fifty-seven distributed questions during the field study.
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The questionnaire was administered to workers in the energy/electricity sector and some
financial organizations and the public/households. The questionnaire framework was with
multiple-choice questions, sub-divided into three groups based on technical, economic and
policy perspectives with response/answers to the conducted investigation. Section 1 is
general questions on individual/consumer’s perceptions about solar energy application for
electricity generation in Nigeria. Section 2 addresses the perspectives based on the installed
PV system that clearly explain the availability and important benefits. Section 3 compares the

existing conventional plants and the off-grid installed solar PV systems in the country.

3.2.5 Interview on Focus Group

The interview involved oral questions directly asked by the interviewer to the interviewees,
for oral responses mostly from energy organizations. The interviewer recorded a brief note
based on interviewee’s responses during the conduct of the interview. This helped the author
to elicit substantial information about certain behavior based on opinions, values, and
experiences from informants. A study mentioned that this is not directly observed (Borg and
Gall, 2007). However, this engaged small focus groups within the selected organizations and
some solar companies to explore knowledge related to costs and potential benefits of PV

installation use for electricity generation in Nigeria.

It is a semi-structured interview and open-ended and this made some data possible to obtain
with an explanation of interviewee’s special interest. It was a face-to-face interview with a
solar company’s managers and the staff based on PV installed design locations in Nigeria. The
focus group interview engaged two-four interviewees at different offices and sites for data
collection. The interviewees were from private energy companies, which are involved in RE
activities and in some government energy institutions/organizations such as ECN, SERC, TCN,
NRECD, NERC, Discos and Gencos. Figure 3-2 represents a case study interview and
observation evidences in the location with a solar company’s manager. Figure 3-3 represents

a community leader and ECN staff in one of the visited sites.
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Figure 3-3: Solar PV installation at Igu-Bwari community in Abuja (Source: Study, 2016).

The participant’s anonymity truly conveyed a significant purpose of study without deception.
In this study, they were used in an open-ended structured questionnaire and semi-structured
in focus group based on one to one interviews. Figure 3-4 represents the semi-structured
open-ended, structured, unstructured and semi-structured interviews with classification of

main heading and sub-heading given in quantitative and qualitative research methods.
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Approach
to Data
Collection

Questions

Figure 3-4: Structured, Unstructured and Semi-Structured Interviews (Source: Fischler,
2008).

3.2.6 Field Observation and Photography

During the fieldwork, some official letters were written to obtain access permission for visiting
the organization’s installation sites. This method of data collection was conducted to observe
and understand the materials and other components used for the rooftop PV systems in the
residential/communities and commercial building applications for electricity generation at
different site locations. The observation focused on installed PV types, the number of panels,
inverter and battery, and other specifications. A descriptive field note was used to describe
the phenomena events and activities with evidence of photographs taken at the sites. It is an
important role for visiting locations of the installed PV systems. The study is exciting because
of the presence of community’s leaders who acknowledged solar potential for power
generation from the installed systems particularly in the rural-remote communities as

indicated in Figure 3-3.
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3.2.7 Audio-Visual Materials and Document Procedures

Climbing ladders as a documentary review material used to view the PV system installed
during the fieldwork. The public data collected of little evidence based on government
documents to private data obtained from case studies records that come with enough
evidence with or without written text permission. The use of library facilities including some
available documents was from public organizations such as Nigerian National Institute of
Scientific and Raw Materials (NISRM); Nigerian National Petroleum Corporation (NNPC);
National Bureau of Statistics (NBS) and Energy Commission of Nigeria (ECN) for data analysis.
The data sourcing from these organizations helped the author to establish a relationship with

the participants.

3.2.8 Case Study

The case study is employed to explore how to access solar PV electricity generation. The
research conducted happens to be a real-life application that involved people with energy
provision based on electricity generation. A study revealed that a case study is used to
describe and explain the data collected in a reliable and accurate manner. It seeks to find how
people and things interact in an environment without isolating the variables in the real world.
It is in-depth empirical research conducted essentially for utilizing qualitative case study and
participatory methods insight for energy projects (Gibbons, 2014). A study also described
these methods to assist acquisition of first-hand data from field and the local people (Cook et
al., 2005). The case study data include energy generation, consumption, the payback time and
PV system efficiency based on the installed off-grid PV system to determine in this study.
However, the off-grid systems with specifications were demonstrated mostly during pilot
project installations revealed the relationship between electricity access and the potential

benefits.

This study methodology, however, started with an institutional framework used to obtain
data from established case studies. The data were obtained from established companies such

as National Research Institutes/centres, Energy Commission of Nigeria (ECN), Sokoto Energy
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Research Centre (SERC), Nsukka Research Energy Centre (NREC), and Power Holding Company
of Nigeria (PHCN) including renewable solar companies. The majority of the companies are
mentioned in the ethical approved form (EAF) from the University of Nottingham while visited

during fieldwork for this study cases.

The data from some of the visited public institutions generally difficult to collect due to
information sensitivity as well as not readily available. Some of the organizations visited
during and after pilot projects have related responsibility towards solar PV system installation
in Nigeria. However, different approaches were used to resolve long-standing inadequate
power supply for electricity access in rural-remote and urban places as recommend in

achieving the study objectives.

3.3 RET Screen Simulation Software Model

RET Screen is a simulation software used to compare between a typical base case (i.e.
conventional technology) and a proposed case study (i.e. renewable energy technology). The
RET Screen is used to determine energy efficiency, renewable energy, and cogeneration
project feasibility analysis and ongoing energy performance analysis. It is also used to
empower professionals and decision makers to rapidly identify, assess and optimize technical
and financial viabilities of potential clean energy projects like PV technology. According to
(Leng Gregory; IEA, 2017) report, intelligence software platform allows managers to measure
easily and verify actual facilities performance and as well help to find additional energy
savings and production opportunities. It also includes technical, economics and costs (internal
rate of return (IRR) and net present value (NPV), the lifecycle costs and GHG emission

reductions.

This software can be applied to any energy system from individual projects to a global
application designed to capture and analyze all types of geographical data and assess the total
irradiation in a specific region to maximize utilization of solar energy. In addition, planners
and energy advisers on customized geographic information also use it for solar energy system
development for being a decision support software. Connolly et al (2010) report that RET

Screen relatively accounts for all thermal generation and renewable technologies. In addition,
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Mardaljevic and Rylatt (2003) stated that computer program simulation is deployed to predict
solar radiation to increase uptake of solar energy systems, particularly for urban areas. This
study selected RET Screen tool to ascertain the amount of energy generation with a PV system
and compared with field data. This software also provides detailed knowledge on effective

planning of solar energy system.

3.4 Regression Model Analysis

Regression analysis allows the user to establish a relationship between factors of influence
and energy use based on descriptive or mathematical analysis. The regression model is used
to explain the dependent and independent variables. In this study, the dependent variables
were used to predict the energy issue and the independent variables were used to address
the factor influences. The monthly average temperature and relative humidity are among the
factors influencing the PV system in this study. For example, solar radiation availability
determined the PV system performance for the power generation. However, this model treats
the PV system as an independent variable driver, which is assessed in the form of theoretical
information. This analyzed the amount of generation, which depends on the condition of solar
availability and technology use such as PV system. This descriptive data analysis for the study
cases show sufficient generations in Nigeria study’s locations. It also shows solar supply
significantly can meet the energy demand of the population without electricity interruption

on a daily basis.

3.5 Innovative Financing Model

Innovative financing model is used for solidarity, Private Power Purchases (PPPs) and
facilitator mechanism to support fundraising in tapping from new sources that engage
investors beyond financial dimension transactions (World Bank, 2009). It also engages
partners and stakeholders in the development and delivery of financial solutions for problems
on the ground. Study findings show that government finances RE investment in most
countries to support (Akintoye and Beck, 2009). However, the government is minimizing the
need for support through available market-based mechanisms within the private sector to

increase and promote solar system projects (Young Ernest, 2014).
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The study found innovative financing as a new source to help complement conventional
financing mechanisms for most projects. However, innovative financing has been identified
with more than five main models including Crowdfunding; Community funding through
cooperative; Third-Party funding through Leasing, Yieldcos, Power Purchase Agreements
(PPA); Microfinance funding; Solar loan funding; Pay As You Go (PAYG) funding and
Institutional funding (e.g. insurance company and pension fund). These financing models have
been tested and successfully adopted in some countries (Young, 2014) including Nigeria
where some solar companies have adopted PAYG innovative source of financing. The case
study using this method to reduce the initial upfront payment cost barrier for solar installation
without consumer/customers paying from their own pockets. This method is used to examine
unwarranted transaction based on the energy budget by consumers due to the energy

provider’s exploitation in the case study.

3.6 Summary

The data collected from organizations were both from rural and urban city locations in Abuija,
Lagos, Enugu (Nsukka) and Awka, which represents the whole populations. The ethical
consideration used for permission to the ministries such as government institutions and
company owners to obtain data through interviews, case studies and questionnaires based
on individual and organization participants. This chapter discussed the research data process
used in addressing the main research questions through a questionnaire that generated
descriptive statistics with engaged participants. The primary sources create a good
understanding of the people’s perception, opinion, and assertiveness about solar energy use
with PV technology. The investigated case studies with PV system for electricity generation
and electrical energy consumption. The study applied simulation software method to
determine the amount of generation with the use of a PV system for off-grid installation and
innovative financial model known as PAYG to assess the energy budget in Nigeria. The
secondary sources being the theoretical information from books and digital publications for

the understanding of solar system performance from global installations.
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CHAPTER4: MAJOR ENERGY SOURCES COMPARISON ANALYSIS

4.1 Introduction

This chapter presents Nigeria’s major energy sources that compare and analyses the major
energy sources due to the projected generation in meeting the current and future energy
consumptions. The Nigerian economy has been the energy giant of Africa and the leading in
oil production. According to a report by (Adaramola and Oyewola, 2011), Nigeria and Libya
account for two-thirds of Africa's crude oil reserves and second to Algeria in the natural gas
resource, estimated to last over a century. Other energy sources include wind, coal, biomass,

animal wastes, etc.

Nigerian energy production and the utilization involve firewood that has the longest history.
Domestically, the utilization is commonly used in cooking and lighting mostly in rural habitats.
Nigeria currently produces 2 to 2.417 million barrels per day with proven oil reserves of about
36-37.2 billion barrels. Gas has 187 trillion (TCF) reserves and the gas production would last
up to 120 years at a rate of 43.2 billion cubic meters per year (Petroleum, 2013). The main
energy sources include biomass (81.25) percent, natural gas (8.2) percent, petroleum
products (5.3) percent, crude oil (4.8) percent, hydropower (0.4) percent and others with <1
percent (Edozien and Fashola , 2016). The renewable sources are solar, wind, biomass and
small hydro and large hydropower but the development of these natural resources primarily
depends on the resources availability (Aliyu et al., 2015). Nigeria ranked the seventh largest
OPEC crude oil producer between 2009 and 2013 globally. However, she still cannot
sufficiently generate electricity to cover the rural and urban needs (Ohunakin et al., 2011).
Table 4-1 represents the Nigeria’s energy reserve capacity based on the total energy supply

percentage.
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Table 4-1: Nigeria’s Energy Capacity Reserves

Nigeria Energy Estlmated Potential Po/ercentage
Resources eserves (%)
Crude Oil 36.2 billion barrels 4.8
Natural Gas 187.44 trillion second cubic 8.2
feet (SCF)
Tar Sands 30 .bl||I0n barrels of oil <1
equivalent
Coal and Lignite 2.7- 4 billion tonnes
Large Hydro Power 11,250-11,500 MW
Small Hydropower 3,500 MW (<30MW) 1
Solar Radiation
3.5-7.0 kWh/m?/day
Sunshine
4-8 hours/day
Wind 2-6 m/s at .10 m height, low
1.4-30 m/s in southern areas
except for coastal line and
4.0-5.1 m/s in the north. The
plateau area particularly
interesting
Biomass
11 million Hectares of forest
Fuel wood
wood land 81.25

Animal Wastes

61 million tonnes/year and
245 million assorted animals
in 2001

Crop Residue
Energy crops &
agricultural residue

83 million tonnes/year
72  million hectares of
agricultural land

(Sources: SERC, 2015; ECN; DPR and NNPC, 2006, Okafor, 2009, CBN and UNDP, 2007).
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4.2 Existing Energy Production

The Nigeria electricity generation is primarily from gas-fired and hydropower plants.
However, the natural gas is the main fuel source of the grid electricity whose capacity is about
4,500 MW. This can meet only one-third of the current electricity demand in Nigeria.
According to Nigeria National Committee of World Energy Council, the capacity is estimated
to grow at a 10 percent rate (Aminu and Peterside, 2014). The country’s electricity
requirement by 2020 is expected to reach 30,000 MW and 78,000 MW by 2030 with the

current GDP growth (Inugonam, 2016).

The allocation of resources from the federal government cannot adequately meet all
requirements. Many areas are not covered by the national grid because it faces electricity
generation challenge due to inadequate facilities network and delay in maintenance, lack of
exploration to tap available resources including low staff morale in the country. Nigeria
industries for over 100 years’ experience erratic inadequate supply coverage by geographical
spread (Zarma, 2006). However, the manufacturers generate 72 percent total power to run
factories on the average (lwuagwu, 2009) and the impact is mostly on the industrial sector,
international companies, and other organizations that are on self-generated electricity 24

hours per day.

According to (Joe-Uzuegbu, 2012) report, the challenges of transmission are as follow: the
maximum electricity wheeling capacity is below national need requirements and some are
outdated. However, mesh transmission network arrangement, regular expand, update,
modernize and maintain networks should be done. The regular vandalization of lines with a
low level of surveillance including security of all electrical infrastructures should be carried

out and electricity losses from transmission should be controlled (Okafor, 2009).

According to (NERCand TCN, 2016) reports, the electricity distribution challenges include the
overloaded transformers and bad feeder pillars; weak and inadequate network coverage and
sub-standard distribution lines; insufficient funds for maintenance activities; and inadequate
logistic facilities. Despite that this system is highly subsidized, many electricity bills are never

paid. The transmission and distribution losses are estimated to be 17-20 percent (Ohunakin
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et al., 2011 and Inugonam, 2005). The Nigerian federal government solely fund transmission
(TCN) while retaining ownership of transmission assets. It privatized the operation of TCN line
in 2013. The TCN (i.e. PHCN successor) is privately managed by Manitoba Hydro International
(Canada) and solely responsible for maintenance to achieve stable power transmission with
limited system failure (NPSG, 2013). Figure 4-1 represents eleven (11) electricity distribution

companies in Nigeria and four companies among them were studied by this research based

on location.
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Figure 4-1: Nigeria Eleven Electricity Distribution Companies (Source: NPSG, 2013).

The federal government added new generation capacity to its electricity supply system to
combat the power shortage in the country. In addition, NIPP is an integral part of 5,455 MW

combined capacity from 10 NIPPs. Therefore, the federal government has three Nigeria bank
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accounts for losses that Gencos may suffer in the course of power transmission. Table 4-2

represents the existing NIPP’s generation capacities in the country.

Table 4-2: NIPP’s generation capacities

S/N | NIPPs Capacity (MW) | Completion Date

1 Alaoji Generation Company Nigeria Ltd | 1,131 Jan 14

2 Benin Generation Company Ltd 508 Dec 13

3 Calabar Generation Company Ltd 634 Jan 14

4 Egbema Generation Company Ltd 381 Jan 14

5 Gbarain Generation Company Ltd 254 Jan 14

6 Geregu Generation Company Ltd 506 Jan 13

7 Gourde Generation Company Ltd 508 All Unit Commissioned
8 Olonunsogo Generation Company Ltd | 754 All Unit Commissioned
9 Omoku Generation Company Ltd 265 Nil

10 | Omotosho Generation Company 513 All Unit Commissioned

(Source: NDPHC, 2013).

In addition, the NDPHC that legally holds NIPP assets incorporated for construction and
expansion of power infrastructure in order to boost electricity generation while the NERC
focuses on stable power supply across the country. Figure 4-2 represents the increased

generation of power plants in Nigeria.
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Figure 4-2: Completed increased Power Plant stations connected to grid (Source: FRN, 2016;
World bank; IEA, UN and NBS, 2015).
However, the existence of independent power producers (IPPs) is prior to the privatization
process where private sector owned and managed the power plants. The NERC recently has
issued 70 licenses to IPPs to improve the power situation in the country. The existing IPPs are
Shell-Afam VI with 642 MW capacity. Agip-Okpai with 480 MW and AES Barges with 270 MW.
In August 1999, the NESCO, Shell, and AES-Lagos are IPPs that contributes 2-5 percent
capacity to the national grid. The Nigeria AES implemented 270 MW capacity (Subsidiary of
AES in the USA) in Lagos state with nine barge-mounted gas turbines and financed with £8
million ($12 million) by four foreign banks and three foreign institutions (U.S) (Filani et al.,
2011). Figure 4-3 represents the installed transformer and electricity production by IPP in

Lagos location of Nigeria.
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Figure 4-3: Nigeria Electricity Transformer and Electricity Production by Independent Power
Producer (IPP) (Source: Ehingbeti, 2008).

4.2.1 Energy Cost Implications

The Nigeria traditional electricity generation, transmission and distribution are capital-
intensive. They require huge resources and funds (Onochie et al., 2015). Since 1960, the
Nigerian electricity sector has invested over £43 billion (N2 trillion). Despite the energy
reforms, the country has very little for investments. In 2000, the federal government financial
support to NEPA amounted to £289 million (N14 billion) about 13 percent total capital
expenditure (World Bank and Claessens et al., 2001). In 2003, the sum of £2.7 billion (N109
billion) aggregate demand (AD) was required in meeting 2006 projected power demand. The
rising cost for annual investment will be about £15 billion (N748 billion) AD peak by 2028,
roughly £7 billion (N3.5 trillion) in a year and over 25 year period with £189 billion (N9 trillion)
total investment stream (lbitoye and Adenikinju, 2007). In August 2005, the government,
National Council of State (NCS) and National Assembly approved the sum of £1.8 billion (N70
billion).

In 2008, NIPP project got initial funding from “Excess Crude Oil Account” where National
Executive Council (NEC) voted £3.7 billion (N149 billion) from the account called Power
Emergency Fund (PEF) to be completed NIPP in 2012. In January 2009, NEC inaugurated NIPP
Steering Council with the presence of Ex-President (Goodluck Jonathan), Ex-Vice President

(Mohammed Sambo) and six state governors and four ministers (Odoyi, 2013 and Olotu,
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2012). In February 2009, the council approved £1.5 billion (N61 billion) phase one budget for
PEF to complete NIPP projects and approved £291 million (N1.2 billion) from special
intervention fund for PHCN. In June 2010, the council approved £84 million (N3.4 billion) to
augment phase 1 budget and £4 million (N1.750 billion) was used to buy NDPHC corporate
headquarters in Abuja. These funds were used to build several gas turbine plants including
distribution and transmission equipment lines (Ibanichuka and Olotu, 2014) with additional

1,687 MW to the national output in December 2012.

It is reported that Nigeria is losing £57 billion (N2.3 trillion) in Gross Domestic Product (GDP)
per annum from optimal power generation for 13, 000 MW capacity. The realistic assumption
for 40-45,000 MW power will cost close to £181 billion (N7.3 trillion) per annum and as such

Nigeria may not get over the power problem (David-West, 2014).

4.2.2 Nigeria Energy Comparative Advantage

The comparative advantage is being described as a good service that produces a lower
opportunity cost than other products within the country. Nigeria solar energy has a
comparative advantage over other existing ones that are hardly available for electricity use
due to the reliable nature throughout the year in the country. Solar PV system provides a
comparative advantage over other technologies with free fuel cost for a long-term period.

Table 4-3 represents comparative analysis of Nigeria Major Energy Sources in the country.
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Table 4-3: Comparative Analysis of Nigeria Major Energy Sources

TECHNICAL
FACTOR PV NATIONAL GENERATOR FUEL-WOOD
GRID SET

Availability It is | This partially | This  scarcely | This scarcely available
available available due | available due to | due to deforestation.
due to | to the high | importation
sunlight. cost of | and exchange

infrastructure. | rate.

Reliability Reliable Unreliable due | Unreliable due | Unreliable due to the
due to a|to a constant | to fuel scarcity | limited application and
regular power outage. | and mainly for local cooking,
supply. breakdown. drying, and heating.

Infrastructure | The Heavy Heavy Heavy wood that
modular equipment equipment that | involves inconveniences
form of | involving involves of transportation from
technology | movement transportation | one location to another.
has no | from one plant | from one
moving location to | location to
parts. another in | another.

generation
transmission
and
distribution.
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ECONOMIC

development.

FACTOR PV NATIONAL GRID GENERATOR SET FUEL-WOOD
Cost High initial Capital intensive It is capital It is low cost but
cost but beyond individual and | intensive and the high
affordable by governmental usage based on | undesirability due
individuals affordability unless individual to the
interest. through partnership discretion and inconveniences
funding with local and capability. and more limited
international to rural usage.
organizations.
Job Creation Supports It supports mainly Employment It supports local
unskilled, skilled persons in opportunities and mainly
semi-skilled | terms of employment limited to only subsistence
and skilled due to limited job the consumption.
persons due opportunities. manufacturers
to the and
opportunity dealers/marketer
of generating s of the
and installing generator.
the energy
independentl
y and easily.
Economic Growth It has the Provides sluggish It has no visible Supports only
potential for | economic growth due support for subsistent family
alarge to the inadequate economic activities.
market and | power supply to meet growth.
capable of the growing energy
supporting demand in the
individual and country.
national
economic
growthina
sustainable
manner.
Entrepreneurial Supports Not really visible. Partially the same N/A
skill/innovation. | entrepreneuri as Photovoltaic
al skills

through repairs.

107



POLICY

FACTOR PV NATIONAL GRID | GENERATOR SET FUEL-WOOD
Government It needs urgent Already has The importation Government to
Policy support through government of generators provide
subsidies, incentives, | support through requires more alternative
public-private subsidies but restrictions energy to the
partnerships, sound abolished and through an use of fuelwood
policy decisions, the results of increase in tariffs for cooking
effective planning, the regulations and import particularly in
regulation and legal and policies are duties. This will rural villages.
framework for the not encourage
implementation of encouraging. greater
solar energy in dependence on
Nigeria. the PV and the
National grid.
ENVIRONMENTAL
FACTOR PV NATIONAL GRID GENERATOR SET FUEL-WOOD
Environmental | Environmental The use of fossil It provides It provides smoke
friendly, which fuel through pollution, noise and health
help, make the electricity and hazards mainly to
environment generation and inconveniences, women and
more conducive consumption health hazards, children,
and emission- causes emission, death, etc. particularly in
free. which contributes, rural areas.

to environmental
pollution and
unfriendly
environment.
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SOCIAL
FACTOR PV NATIONAL GRID GENERATOR SET FUEL-WOOD
Social It improves the It reduces the It constitutes It shows a lack
standard of living | quality of life due hazards and of progressin
of the society and to constant brings agitation society.
social development power failure. due to the noise
of individuals. of the gen set.
POLITICAL
FACTOR PV NATIONAL GRID | GENERATOR SET | FUEL-WOOD
Political Political willingness, Political will, Political will Policy
commitment, and commitment restricts the formulation
effective planning are gradually de- importation of due to the
required to promote a | emphasize on the | generators due use of
green economy use of national to the modern
through grid due to its inconveniences energy
implementation and inconsistent cost in the services and
application of PV of infrastructural, environment. | afforestation.
system for power and unreliability
generationin in the generation,
residential and transmission and
commercial, distribution lines.
transportation, etc.

4.2.3 Comparative Cost and Capacity Projections Analysis

Table 4-3 below compared the energy sources for electricity generation of which the users
pay different electricity prices. The monthly bill from the solar PV system is £37 (N15, 000)

which is relatively lower when compared to national grid user at £49 (N20, 000) by consumers
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because the government/power sector estimates the cost of bills and generator sets, the
highest cost with sum of £99 (N40, 000). However, the energy generation from objective
targets can efficiently achieve with PV system application that has the lowest cost as
compared to others. In the above analysis from consumption’s perspective based on case
study data which counters the high cost of PV system when comparing with other sources.

Table 4-4 shows average cost of electricity consumption per apartment in Nigeria.

Table 4-4: Comparison of Cost Analysis currently between PV, National Grid and Gen Set for
Individual Users in Nigeria

Factors PV National Grid Generator Set

Size of apartment | 2-bedroom 2-bedroom 2-bedroom
apartment

Period of charge | Monthly Monthly Monthly

Electricity bill per | N15,000.00 N20,000.00 N40,000.00

month

Location Abuja Abuja Abuja and Lagos

Facilities in use Domestic Domestic appliances Domestic
appliances appliances

No of users 5 5 5

Average cost per | N3,000 N4,000 N8,000

user

Table 4-5: Projected Capacity Benefits for Energy Generation on each sources of Power

Resource 2015 (MW) 2020 (MW) 2030 (MW)
Hydro (LHP) 2,121 4,549 4,626.96
Hydro (SHP) 140 1,607.22 8,173.81

Gas 22,119 39,333.78 102,873.23
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Solar 117 1,343 6,830.97
Biomass 55 631.41 3,211.14
Wind 50 57.40 291.92
Generator set (self- 12,500 12,500 12,500
generated power
Total 37,102 60,021.98 138,508.03

Table 4-5 showing the energy generation projected for each source with total energy
generations of 60,021.98 MW by 2020 and 138,508.03 by 2030 that are far below the
populations projected demand for electricity (Kuta, 2009b; ECN, 2009). The solar system is
100 percent powered by the sun, can reduce fossil fuel consumption and pollutions. It
requires no scheduled maintenance as compared to conventional sources. The PV module
long-life operating period can provide huge saving for the country. It is also cost-effective for

lightings as compared to conventional sources from the utility grid and generator sets that

(Source: NREEEP; FEC, FMOP & FRN, 2015 and ECN, 2009).

commonly used in Nigeria.

Table 4-6: Energy Gap Projection Analysis

S/N

Projected
Demand
Actual Supply

and

2015

2020

2030

Electricity
Demand

64,200

107,600

297,900

Electricity

government
(grid
connected
actual
generation

Generation by

2,438

8,188.20

23,134.80
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3 Gap between | 61,762 99,411.80 274,765.20
demand and
generation

(Source: NREEEP; FEC, FMOP & FRN, 2015 and ECN, 2009).

As shown in Table 4-6, there are huge electricity gaps between projected consumption and
demand around 61,762 MW in 2015, 99,411.80 MW by 2020 and 274,765.20 MW by 2030.
Due to the effect of climate change, shortage of water and pipelines vandalism, the existing
energy sources are unavailable. For example, the Nigeria existing capacity between 2015 and
2016 generated only 3472 MW (87%) from gas plant and 519 MW (13%) from hydropower
plants. However, the projected electricity demands 107,600 MW by 2020 and 297,900 MW

by 2030 show crucial need for electricity as presented in Table 4-6.

4.2.4 Study Results Analysis

The use of equipment and infrastructures in production, construction of pipeline storage and
energy distribution are more expensive for the existing energies. This shows that solar energy
has the opportunity over existing energies from the cost aspect. In addition, PV system
generation has a huge future return on investment in terms of economic of scale as compared

to the existing energies in Nigeria. Table 4-7 represents the projected solar energy generation

percentage.
Table 4-7: Solar Energy Projected Percentage Generation

Total Generation 2015 2020 2030
All sources of generation | 37,102 60,021.98 138,508.03
(MW)
Solar generation (MW) 117 1343.17 6,830.97
Percentage (%) solar | 0.32% 2.24 % 493 %
generation
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Table 4-7 shows the projected solar energy generation percentages and the projected
electricity contribution that accounts for 0.32% in 2015, 2.24% by 2020 and 4.93% by 2030.
The solar source is required for generating more electricity to meet energy demand based on
its potentials of availability, reliability, sustainability and environmental friendliness (safe and
clean) in Nigeria. The existing energy sources presently have not and may not be able to cover
the areas not connected to the grid by long-term projection. On the other hand, solar energy

has the potential to generate adequate electricity for consumption.

4.3 Summary

Although Nigeria has huge non-renewable and renewable energy resources, it faces
inadequate power supply from existing utility generation, transmission, and distribution. This
means that energy production is lower than the demands limiting the country economic
growth. Nigerian people lack electricity access in terms of modern energy services for lighting
and other economic activities. The majority rely on fuel-wood for cooking and lighting,
particularly in rural-remote areas. However, the lack of electricity access will affect economic
growth and life quality of the citizens. Nigeria needs electricity generation to drive economic
development and enable productive business activities to succeed. However, the PV system
can offer an alternative option to address the electricity supply problem with sustainable
energy service access in fostering economic development in Nigeria. In addition, since
adequate electricity supply is a prerequisite for any nation's development, the solar PV system

is imperative for widespread use in the whole country, especially in rural areas.
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CHAPTER 5: QUESTIONNAIRE AND DISCUSSIONS

5.1 Introduction

This chapter presents the data collected through questionnaire method about solar energy
development in Nigeria. The questionnaire was a useful methodology used for the
information gathered from people’s view on the implementation and application of solar
energy in the country. Itis a useful method because it helps to collect data from sites through
email and physical visits. It facilitated the data collection about solar energy production,

distribution, and application from the sampled/selected projects across the country.

The questionnaire was an acceptable interpretation tool used for the understanding of solar
energy with PV application. Data from the questionnaires is among the most important
materials in this study plotted in pie chart design. The questionnaire provided the participants
with questions to identify the level of understanding of the PV system. During the fieldwork,
fifty-seven questionnaires distributed to participants, only forty-five of them were completed
and returned. In addition, thirty-two questionnaires fully filled and the three partially filled

had a good number of answers to the returned questionnaires.

The research used a questionnaire to address the three categories based on the following:
What could be the major barriers for solar energy application in Nigeria? What could be the
policy barrier for solar application in Nigeria? Does the initial cost of PV installation affect
solar application and implementation? What are the environmental, economic and social
benefits of solar energy application in Nigeria? What are the technical and economic
challenges for solar energy development in Nigeria? What major role can solar PV play in
addressing the insufficient power supply problem in Nigeria? This focused on technical, policy

and economic perspectives respectively.

Questionnaire as a quantitative research method used for gathering data. The returned

guestionnaire provided a good response from participants with the following results finding:
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5.2 Statistical Questionnaire and Findings

Question 1: The Gender

Participant/Respondents (% )

m Male
11.1 ® Female

Not specified

Figure 5-1: Sex of the Participants.

The results show that male responses are more than females. For example, it may be because

women do not own houses and so not involved in issues related to energy.

Question 2: Age bracket

Participant/Respondents (%)

T
= 18-25 = 26-40 = 41-59

Figure 5-2: The participant’s age bracket.

The results show participant’s age brackets from (26-40) and (41-59) are 40 percent which is
more than (18-25) age bracket. The 26-40 years’ age bracket represents young people who
own a home/apartment and are interested in an alternative source of power consideration.
Majority of the people from age 41-59 years already had homes can afford solar PV system
for their own energy needs. The majority of the people from age 18-25 years are unemployed.

The PV system acceptance rate from the majority of the citizens is high due to the inadequate
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power supply and they will independently become generators to power their homes in

Nigeria.

Question 3: Occupation

Participant/Respondents (%)

= Employed = Student = Self-employed = Others = Not specified

Figure 5-3: The participant’s Occupation.

The results show the employed people have a high responding rate by being involved in

energy-related company/organizations.

Question 4: Is PV system preferred in home to commercial area?

Participant/Respondents (%)

M Yes
® No

= Not specified

Figure 5-4: Installed homes with PV system.

116



The results show that a residential solar system is most preferred which can easily be
subsidized. In addition, people are hungry for regular power service to improve their living

standard against constant outages from the national grid.

Question 5: Is PV system preferred to existing/conventional sources?

Participant/Respondents (%)

M Yes
® No

= Not specified

Figure 5-5: Installed PV system.

The results show solar PV is most preferred to the existing sources due to availability,
reliability and the environmental friendliness which is used to compensate the on-going
shortage of power supply and gas unavailability due to pipelines vandalism and theft.
However, the current sabotage from generation, transmission and distribution lines

contribute to energy poverty across the country.

Question 6: Does PV help to reduce electricity consumption from existing energy sources?

Participant/Respondents (%)

M Yes
® No

1 Not specified

Figure 5-6: Electricity consumption between PV and Existing sources.
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The results show that the PV system will help to curtail electricity blackouts. Its abundance
and reliability help to complements existing supply from the utility grid, save energy to cover
the time of shortage and change consumer’s behaviour towards energy efficient use to

reduce the electricity bill.

Question 7: Which of the following items have you powered using installed PV system?

Participant/Respondents (%)

2.2

m Radio
BTV set
= Video cassette recorder
mTelephone
M Refrigerator
W Washing machine
N Microwave
m Lighting
m Computer
Fan

M Ajr-conditioner

= Mone of the above

Figure 5-7: Appliances used with PV system.

The results show that appliances powered by PV system are home items than office items due
to constant blackouts in residential households. However, office can afford a generating set
for regular power during the office hours. The office complex can afford the system cost of
capacity equipment. Moreover, the PV system awareness has not promoted reduction on the

use of heavy equipment generator sets for household activities in the country.
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Question 8: What time of the day does these appliances used?

Participant/Respondents (%)

B Morning
m Afternoon
m Night
None of the Above

B All of the above

Figure 5-8: The time of appliance usage.

The results show that devices are mostly used at night for lighting, in playing games and doing

homework by families.

Question 9: Which of the appliances often used during the day from installed PV system?

Participant/Respondents (%)

= Radio

TV set

M Video cassette recorder/sound
system

m Telephone

m Refrigerator

mwWashing machine

M Microwawve

M Lighting /bulb

W Computer

Fan

= Air-conditioner

m Mone of the abowve

Water pumping

Figure 5-9: Appliances during daytime with PV system.

119



The results show refrigerator, fan, computer, TV set, A/C and lighting are often used in the
day and night whereas A/C or fan and refrigerator are mostly used during the dry hot season

due to hot weather condition.

Question 10: What is the capacity of PV system Installed?

Participant/Respondents (%)

m<5

m >5-20

m >20-50

m >50 and above

H None of the above

B Not specified

Figure 5-10: The PV capacity installed.

The results from Participant’s responses show that a large portion of participants had little
knowledge about solar PV capacity installed in their homes. This suggests a low public

awareness in the country due to limited education and awareness creation initiatives.

Question 11: Are there suppliers of PV system and the components?

Participant/Respondents (%)

M Yes
® No

1 Not specified

Figure 5-11: The PV system and its components suppliers.
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The results show the respondents had an awareness of the availability of the PV supplies
suggests that the solar PV system installer companies are already available in the country. The
existing companies are a Blue camel, Pragmatic Nig. ltd, AY Global Int’l Consult Ltd, Panasonic,
and Sharp, etc. They mainly marketers and distributors of the equipment and not suppliers

across the country.

Question 12: Does solar PV system depend on only public funding for being expensive?

Participant/Respondents (% )

M Yes
m No

Not specified

Figure 5-12: Public Funding for PV system.

The results confirmed solar energy with PV system to be expensive when compared with the
current national electricity tariff, and this requires government funding with subsidies from
the existing energy sources for PV development. The findings revealed that PV system
deployment largely depends on financial capability and does not depend only on public

funding. However, the development can be improved through public-private investments in

Nigeria.
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Question 13: Does solar PV depend both on public and private funding?

Participant/Respondents (% )

M Yes
= No

Not specified

Figure 5-13: Combination of Public and Private Investment.

The results indicate most participants (62.2%) perceived that solar PV depends on both
private and public funding. This implies that collaboration efforts are required for PV system
implementation from the government with private sector participation to achieve Nigeria

goal targets, the study objectives and the UN sustainable development goals.

Question 14: Is solar preferable to other renewable sources?

Participant/Respondents (% )

M Yes
= No

Not specified

Figure 5-14: Preferred renewable sources.

The results show high participants’ acceptance of the solar system. This may be due to the
environmental benefit to other existing sources of renewable energy such as wind,
hydropower, and biomass with the impact of climate change in Nigeria. For example,

biomass, hydropower, and wind have limitations to current energy use.
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Question 15: Which solar application is most preferred?

Participant/Respondents (% )

H Roof-top
= Ground-mounted
= Garden

Garage

Figure 5-15: Most preferred solar application.

The results show that the rooftop-decentralized application is most preferred by the
participant, which may be due to the nearness of building pattern. However, the assessment

for building suitability is required due to the weight in carrying a PV system to avoid system

failure.

Question 16: What type of PV system installation application is preferred?

Participant/Respondents (% )

B Off-grid/standalone with
battery storage

B Grid-connected system

® Maone of the abhove

Figure 5-16: Most preferred PV installation.

The results show off-grid PV systems for electricity generation are most preferred by
participants within urban areas. In June 2016, some companies licensed for grid-connection
and operations had not yet started due to policy implementation delay. The decision on

implementation and application of the solar system will to a large extent reduce generator
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sets use by individuals and the company’s owners for compensating insufficient and
inconsistent power supply from the existing energy supply currently benefits those without

access to grid electricity in the country.

Question 17: How can you rate overall performance (efficiency) of the installed PV system?

Participant/Respondents (% ) = Very good
= Good
= Moderate
moderate
I\ = Poor
= Not specified

44 g6

Figure 5-17: Rated efficiency of PV system.

The results show that PV performance rating from the participants indicated good system’s
performance, which depends on location, orientation, and tilt angle as well as a weather
condition. This suggests that PV system installations require a knowledgeable installer for roof

suitability check.

Question 18: Would you want the use of Renewable energy sources?

Participant/Respondents (% )

M Yes
H No

= None of the above

Figure 5-18: The use of renewable sources.

The results show that most participants accepted/preferred RE application due to renewable

energy sources affordable. In addition, the people need the use of RE for electricity
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considering the population growth, and it is a market for Nigerians in meeting the high energy

demands from the growing population due to energy shortage currently in the country.

Question 19: Is your environment vulnerable to climate change based on other existing

sources?

Participant/Respondents (% )

M Yes
m No

= Not specified

Figure 5-19: The environment vulnerable to climate change.

The results show that respondents’ awareness of the vulnerability of the environment with
the use of fossil fuels from existing energy sources due to climate change. This suggests that
Nigeria presently experience environmental degradation and health disasters due to the
exposure while flooding and falling of trees are causing desertification. These problems are

contributing to the unfavourable environment.

Question 20: Can solar energy help to solve shortage in supply of power for a long-term in

Nigeria?

Participant/Respondents (%)

M Yes
® No

1 Not specified

Figure 5-20: Solar a solution to power shortage.
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The results show a large percentage of participants believe solar energy will help common
Nigerians become independent generators, break the power of monopoly from the national
grid generation, transmission, and distribution for a long or short term. This suggests that

solar energy will make the population self-reliance whereby most communities can access

electricity.

Question 21: Does power generator sets cause inconveniences and environmental threat?

Participant/Respondents (%)

28.8
M Yes

® No

6.6 Not specified

Figure 5-21: Generator sets threats and the inconveniences.

The results show that most (64.4%) participants’ agreed that the generator is inconvenient.
This may be due to negative impacts such as noise, air pollution, GHG emissions and local
pollution to water. In addition, they might be aware that it affects crop harvest due to soil

degradation and water pollution from oil leak and fume.

Question 22: Is PV panel system cheap to use?

Participant/Respondents (%)

22.2

M Yes
® No

Not specified

Figure 5-22: PV system panel economical.
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The results show that the PV panel is not cheap by most (53.3%) participants because of a
lack of awareness about PV technology improvement that attracts high deployment. For
example, the global acceptance created awareness for the demand that drastically had
reduced the high initial cost challenge. This suggests that PV system use can become cost-
effective and competitive in addressing the sentiment as well as reduce the supply and

demand gaps in Nigeria.

Question 23: Which of these applications are adopted by PV power output?

Participant/Respondents (%)

= Household

= None of the above

Figure 5-23: Adopted PV system application.

The results from the participant’s response show that PV application has little publicity and
cost of installation by individual and corporate for deployments due to lack of funding. In
addition, some industries are not convinced that the PV system could generate enough

capacity to power plants in place of generator sets in Nigeria.
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Question 24: What are your reasons for not installing PV system yet?

Participant/Respondents (%)

M Availability of home

energy
H Cost of installing PV

system
1 Already installed
B Maintenance cost

H Little Knowledge

Better alternatives

Figure 5-24: Reasons for not installing PV system.

The results show that cost of installing PV system, maintenance costs and lack of knowledge
are stopping people from the installation. This suggests government support through
programs or incentives in promoting PV installations to encourage private participation. In
addition, effective planning and strong regulatory/legislative framework for large-scale
development and training programs for an understanding of PV system benefit for rapid

deployment across the country.
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Question 25: Which of these factors can persuade installation of PV system?

Participant/Respondents (%)

= Free Installation

= Government subsidy towards
cost of PV installation

= Community-based PV system
installation

Electricity cost from existing
source

= Case studies from satisfied PV
customers

= Carbon emissions reduction

Figure 5-25: Persuading factors for PV system installation.

The results show that carbon emission reductions, government subsidy towards the cost of
PV system installation and satisfied PV customers can encourage/persuade people for
installing the PV system. This suggests the government supports through subsidy will be
relevant to emission reductions that affect the whole economy. The performance of the PV
system with proper installation operations will further encourage installation due to existing

PV customers’ satisfaction in Nigeria.

Question 26: What do you think will help influence GHG emissions reduction?

Participant/Respondents (%)

= Adopting hybrid renewable
energy sources (wind,
biomass & hydro)

= Adopting only solar energy
source

Figure 5-26: Factor of influence for emission reduction.
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The results show that hybrid or solar energy source adoption can help greatly for GHG

emission reductions in Nigeria.

Question 27: Does government support the PV system use in Nigeria?

Participant/Respondents (%)

= Making homeowners to sell
extra electricity generated from
PV system to the national grid
Yes=5

= Pay PV system generators for
every kilowatt hour of electricity
generated Yes =6

Figure 5-27: Government support to PV system use.

The results show that solar application with government support will be of more influence in
paying the generators for every kilowatt-hour of electricity generated with a PV system. This

suggests that financial supports capability can be through government or private sector

investment in funding, research, and development for motivation.

Question 28: Which of the renewable energy source do you considered installing now?

2% of Participant/Respondents

m Solar
W Biomass
mWind
Hydro (small & large)

m Mone of the abowe

Figure 5-28: Renewable energy considered installing.
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The results show that solar PV deployment due to the urgent need for electricity to meet the

country’s demand is highly preferred.

Question 29: Are the citizens happy to see renewable energy including solar implemented

and applied?

Participant/Respondents (%)
2.2

M Yes
® No

= Total

Figure 5-29: The implemented renewables including solar energy.

The results show that most (77.7%) citizens are happy with solar energy implementation and
application because solar energy will repair the damaged environment. This suggests that
independent use of solar electricity generation can easily meet energy demand, improve

people’s standard of living and promote energy efficiency, in turn, eradicate energy and

abject poverty in the society.

Question 30: Does your home have alternative energy source?

Participant/Respondents (%)

M Yes
® No

= Not specified

Figure 5-30: Alternative energy source for home.
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The results show most participants (46.6%) had no alternative energy source, while (33.3%)
participants had an alternative source suggests awareness creation is required for a

home/residential deployment with alternative energy sources benefit in Nigeria.

Question 31: Can the citizens benefit or profit more from the use of solar energy?

Participant/Respondents (%)

M Yes
® No

= Not specified

Figure 5-31: The benefit for solar energy use.

The results show that solar energy is beneficial and profitable because it enables small-scale
businesses to increase local employment opportunity, enhance productivity through
established solar firms with entrepreneurial skills for the benefits of food preservation,

improved livelihood and health and comfort life to Nigerians with the electricity consumption.

Question 32: Does cost reduction encourage PV system adoption in homes more than the

commercial places?

Participant/Respondents (%)

M Yes
® No

= None of the above

Figure 5-32: The PV system adoption cost reduction.
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The results show that further cost reduction could encourage home adoption of PV system
than the commercial places because most individual household cannot afford the initial cost
of the PV system initial cost. In addition, the largest energy consumer with over 50 percent of
the country’s population is residential households suggests government financial support

with private investment for massive deployment and huge emission reductions in the country.
5.3 Result Discussions

The questionnaire responses by individual participants are anonymous in confidentiality. The
attached personal information sheet to the questionnaire distributed for the study has no
adverse effect on the participants. The questionnaire is designed to identify how participants
perceive the study. The results show favorable positive responses with participants’ opinions

and based on public acceptance has a social influence on PV system installation.

The percentage represents a number of participants that answer the questions. The general
qguestions from public opinion on cost reduction for electricity generation can be through
policy implementation. The perspectives focus on energy-related organizations technically to
understand the system operation from the tested pilot projects demonstration in Nigeria.

Table 5-1 represents the percentage rate of the distributed questionnaires.

Table 5-1: Questionnaire Distribution and Returned Percentage Rate

Questionnaire Number
Distributed 57
Returned 45

Total Percentage 79%

Fifty-seven questionnaires distribution to participants represents the country’s populations
based on reasonable percentage number of people’s view about solar energy application in
Nigeria. However, the use of quantitative and qualitative research methods provided the best

research outcome of 79% total responses presented in the above table.
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5.4 Summary

The questionnaire is a piece of self-structured information as well as a collection method that
compares study findings quickly and cost-efficiently. The interview as qualitative data enables
participants to express views in their own words with the interviewer. The results show
influence on the populace re-directing their attention to solar PV system application due to
the favourable response by public acceptance in Nigerian communities. Acceptance to solar
PV system use for electricity generation by the populations will reduce huge cost of estimated
electricity bills for those connected to the grid and make them independent generators in
powering their buildings and access to those not connected to the grid. The government
incentives considering the economic factors will promote and facilitate investment
opportunities of the solar resource with PV system use in Nigeria. However, the people
accepting of solar PV system confirmed positive responses with the sampled size and the
comparative analysis for major energy sources due to effective performance of the PV system.

This encourages future energy users to install more in the country.
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CHAPTER 6: CASE STUDY

6.1 Introduction

This chapter describes 11 case studies with weather conditions and a design model that
ascertained the electricity generated. The research investigated the 11 solar off-grid case
studies in four different state locations including Abuja, Awka, Lagos, and Nsukka in Nigeria.
The PV system is used for electricity generation due to solar energy potential and this is
because the country has a solar energy resource that is reliable and abundant. The payback
period is computed manually to ascertain financial feasibility for the investment decision.
Figure 6-1 represents the weather map for the selected PV installation sites with indication of

red arrow in Nigeria.
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Figure 6-1: Nigeria weather map with red arrow indication of the case study’s locations.
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6.2 Abuja Area Case Studies

6.2.1 Abuja Weather Condition

Abuja has an average temperature, precipitation with a clear sky and zero clouds covering
including the yearly sunshine hours. This location with good weather in June, July, August,
and September but often exhibits high temperature. The rainy season falls mostly in May,
June, July, August, September, and October and the period of the dry season starts from
November, December January, and February. The warmest month is March and August is the
coldest month, September is the wettest and January is the driest month. In Abuja metropolis,
there are six case studies situated at Guzape; lgu-Bwari; Central district; Karu, Garki, and
Wouse location sites with PV installations. Figure 6-2 represents the statistical monthly average

temperature, precipitation and yearly sunshine hours.

Abuja Weather Condition
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Figure 6-2: The average monthly temperature, precipitation total hours and percentage of

sunshine over the year (Source: Copyright© 2016-www.weatherandclimate.com).
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6.2.2 Case Study 1: Guzape 33 kW PV Capacity

6.2.2.1 PV Installation

A 33 kW installed an off-grid PV system at Guzape area in Abuja. The building with the PV
system is a terrace duplex house with 55 rooms on three floors housing families. Figure 6-3

represents eleven apartment building Installation at Guzape area in Abuja.

Figure 6-3: Eleven Apartment building Installation (Source: Study, 2016).

The Blue Camel Energy designed this off-grid/stand-alone rooftop building application system
with PV polycrystalline panel that converts available solar energy into electricity. The inverter
converted the DC energy into electrical energy for home appliances/load. The batteries being

the energy storage facility used for supply of electricity when needed.

Table 6-1 represents polycrystalline silicon PV system with 240 watts.
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Table 6-1: 240W Suntech Polycrystalline PV Panel Specifications

Configuration

Superior frame specifically designed on drainage holes and
rigid construction that prevents frame from deforming
which is screw less frame design for long term durability.

Application Off-grid

PV System Capacity Size (kWp) 33
Manufacturer Suntech

Rated PV Watt (W) 240

PV Type Used Poly-crystalline
Number of Panels {units) 140

Annual Generation (kWh) 72,576

Mounted Method Fixed

Number of Batteries 12

Battery Capacity (Ah) 400

Inverter Capacity (kW) 60

Charge controllers 20f40Aand 48 A
Angle degree 15%

Hours of sunshine 8-9

Peak sunshine 6

PV life span 25

ELECTRICAL CHARACTERISTICS

STC PLUTO 240-Wde
Optimum Operating Voltage (Vmp) 296V
Optimum Operating Current (Imp) 8.11A

Open Circuit Voltage (Voc) 36.9V

Short Circuit Current (Isc) 8.46 A
Maximum Power at STC (Pmax) 240w

Module Efficiency 14.5%
Operating Module Temperature -40% to + 85%
Maximum System Voltage 600 VDC (UL)/1000 VDC (IEC)
Maximum Series Fuse Rating 20 A

Power Tolerance 0/+5%

Nominal Operating cell Temperature (NOCT) PLUTO 240-Wde
Maximum Power at NOCT (Pmax) 176 W
Optimum Operating Voltage (Vmp) 26.9V
Optimum Operating Current (Imp) 6.54 A

Open Circuit Voltage (Voc) 339V

Shaort Circuit Current (lIsc) 6.84 A

MECHANICAL CHARACTERISTICS

Solar Cell

Polycrystalline 156 x 156 mm (6 inches)

No. of Cells

60 (6 x 10)

Dimensions

1665 x 991 x 50 mm (65.6 x 39.0 x 2.0 inches)

Weight 19.8 kgs (43.7 lbs)
Front Glass 3.2 mm (0.13 inches) tempered glass
Frame Black anodized aluminium alloy

Junction Box

IP6Y rated

Output Cables

4.0 mm? (0.006 inches?) symmetrical lengths (-)
1000 mm (39.4 inches and (+) 1000 mm (39.4
inches)

Connectors

H4 connectors (MC4 compatile)

TEMPERATURE CHARACTERISTICS

Nominal Operating Cell Temperature (NOCT) A5+20¢

Temperature Coefficient of Pmax -0.400%,/ c
Temperature Coefficient of Voc -0.314%,/°c
Temperature Coefficient of Isc -0.051%,/%c

(Source: Blue Camel Energy).
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Note: Excellent performance under weak light conditions at an irradiation intensity of 200
W/m? can achieve 96 percent or higher of STC efficiency of 1000 W/m? STC: Irradiance 1000
W/m?, Module temperature: 25°%, AM: 1.5 Best in class AAA solar simulator (IEC 60904-9)
used, Power measurement uncertainty within +/-3%. NOCT: Irradiance 800 W/m?, ambient
temperature: 20%, AM: 1.5, Wind speed: 1 m/s best in class AAA solar simulator (IEC 60904-
9) (Suntech, 2012).

The installed 33 kW PV system in this case technically generates 72,576 kWh/year.

6.2.2.2 Breakdown Cost Investment

The investment breakdown costs include the module, inverter, battery, operation and
maintenance costs (O&M) with a projection of ten years including other installation costs, etc.
Table 6-2 indicates the total cost for solar PV installation with all components and labour
expenses at the location. Table 6-2 represents cost breakdown of the business model for the
apartments due to load consumption from the generation supply to the building. However,

the maintenance and battery replacement is the projection over 10 years’ time.

Table 6-2: Business Model Cost Breakdown

N/S Cost Amount Invested (N)
A Initial investment N14,828,000
B Maintenance & battery replacement | N10,000,000

over 10 years

C Yearly maintenance cost N1,000,000
D Labour cost N972.00
E Monthly labour cost excluding interest | N29,160 (i.e. 972 x 365 )

rate (funding not borrowed)
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F Yearly cost excluding interest rate | 1,000,000 + 29,160 (C + E) =
(funding not borrowed) 1,029,160

G Income based on yearly consumption | N7,347,890 (66,799 x 110)

with electricity rate

(Source: Blue Camel Energy and Research, 2016).

Table 6-3: Appliances for Study data Generation and Consumption

Appliance Quantity App. Watt | MNo. of Total Gen Variance % Utilized
Hours Watt Watt/day bfw Gen
Used Con/day and Con

Bulb 55 11 12 7250

Fan 10 100 12 12000

™ 10 188 ] 11280

Fridge 10 160 12 28800

Freezer 10 200 18 36000

Elec/Cooker | 10 1000 1 10000

Computer 10 100 8 2000

AfC B 1119 B 53712

Blender 10 300 1 3000

Microwave 10 750 1 7500

Iran 10 o0 1 200

W /Pumping 1 600 1 600

W,/Machine 5 1300 1 6500

Total 185552 | 201600 | 16048 [ 20%

The electricity from the installed panels with an average 6 hours’ peak sunshine generated
201.6 kWh/day or 72,576 kWh/year. The generation and consumption shown in Table 6-4. It
is advisable to increase the number of appliances to maximize the generated power. Figure
6-4 represents the total power (watt) with the installed kilowatt (kW) capacity. Table 6-5

represents the RET Screen simulation results for off-grid system.
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Table 6-4: Generation over Consumption

Case Total Watt Total Watt % of Excess
Study 1 | Consumed/day | Generated/day | Generation Utilized
% of Maximum
(W) (W) over ° (%)
watt
Consumption
consumable/day
Guzape 185,552 201,600 192 100 92
Estate
TOTAL POWER (Watts)
900
3000 7,500 800 - 6,500 7,260 12,000
= Bulb = Fan TV Fridge = Freezer
= Electric cooker = Computer = Air-conditioners = Blender = Microwave
= Pressing iron = Water pumping Washing machine

Figure 6-4: The total power in watts.

Table 6-5: Case Study 1 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 33
Annual O&M Cost (NGN) 3,630
Electricity Rate-Base Case (NGN/kWh) 110.090
Total Electricity Cost (NGN) 4,420,130
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Table 6-6 represents the current national electricity fuel rate that is equal to GBP0.06
(N24.30), and the solar company’s electricity rate GBP0.3 (N110) that is used for proposed
central grid-connection in Nigeria. They both generated the same capacity with a little fraction
on yearly cash-flow. For example, the cumulative cash flow for 25 years realized the sum of
GBP37, 011 (N14, 909,463) with N110 rate or GBP36, 701 (N14, 845,996) with N24.30 rate
return. The difference between them is equal to GBP311 (N63, 467) cash-flow benefit to the
generator. However, the national electricity rate classified to be a public good is highly
subsidized in Nigeria. The cash-flow from a business perspective may not account much
because the energy generated is most needed. However, the cumulative cash flows for PV life

cycle in appendix 6.

Table 6-6: Proposed Grid-Connected with the current National and Solar Company’s

Rate
Analysis Type Method 2
Solar Tracking mode Fixed
Angle/slope 150
Month Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWh) Grid (MWh)
(kWh/m?/day) (kWh/m?/day)
January 5.88 6.56 24.30 5.832
February 6.09 6.49 24,30 5.192
March 6.27 6.36 24,30 5.639
April 6.06 5.84 24.30 5.070
May 5.58 5.19 24.30 4.674
June 5.06 4.65 24.30 4.086
July 4,44 4,14 24,30 3.804
August 4,19 4,02 24,30 3.710
September 4,73 4,69 24.30 4,155
October 5.31 5.53 24.30 5.006
November 5.98 6.60 24.30 5.702
December 5.86 6.64 24.30 5.905
Annual 5.45 5.55 24,30 58.774
Horizontal MWh/m? 1.99
Tilted MWh/m? 2.03
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Analysis Type Method 2

Solar Tracking mode Fixed

Angle/slope 150

Month Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWh) Grid (MWh)
(kWh/m?/day) (kWh/m?/day)

January 5.88 6.56 110 5.832

February 6.09 6.49 110 5.192

March 6.27 6.36 110 5.639

April 6.06 5.84 110 5.070

May 5.58 5.19 110 4.674

June 5.06 4.65 110 4.086

July 4.44 4.14 110 3.804

August 4,19 4,02 110 3.710

September 4.73 4.69 110 4,155

October 5.31 5.53 110 5.006

November 5.98 6.60 110 5702

December 5.86 6.64 110 5.905

Annual 5.45 5.55 110 58.774

Horizontal MWh/m? 1.99

Tilted MWh/m? 2.03

6.2.2.3 Rationale Evaluation

Case study 1 represents the amount of generation that could meet consumption and
investment based on financial viability. The system generated adequate electricity
72,576kWh per year with 33 kW capacity. This case with very good return resulted in short
payback due to the capacity installed and high invested capital. The electricity generated was
more useful to waste based on the quantity generated and consumed. The standard
electricity rate of (N110) compared to the national rate (N24.30) attracted huge yearly
returns/savings. In addition, this case study projected battery and maintenance cost
breakdown over 10 years even though not up to 10 years of installation. Table 6-7 presents

the computation of generation, consumption and payback period.
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Table 6-7:

Computation of Generation, Consumption and Payback

INVESTMENT POTENTIAL COMPUTATION
LOCATION | CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING INVESTMENT | PERIOD
CAPACITY (N/kWh) (N) (N) (YEAR)
(kw) (kWh)
Guzape 33 66,799 110 6,606,490 14,828,000 2.2
District
Estate
Abuja
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
1 33 72,576 66,799 2.2
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)
1 14,828,000 2.2 6,606,490

6.2.3 Case Study 2: Igu-Bwari Community

The Igu-Bwari is a remote community area of Abuja that the government installed 5 kW PV

panels for solar electrification. This project financed by the federal government with high

investment capital for the small capacity installed as shown in Table 6-14 is off-grid pilot

project demonstrated to promote solar electricity generation with the installation of a PV

system in Nigeria. The energy commission of Nigeria (ECN) established by the federal

government in 2011 supervised the project with other government agencies such as the

National Centre for Energy Research and Development (NCERD), and Sokoto Energy Research

Centre (SERC). There is no grid-connection presently to warrant electricity generated sold to

the grid from the off-grid installation. The literature finding also revealed that no grid-

144




connected renewable energy project operating except for hydropower in Nigeria (McKinsey
analysis and NERC, 2015). This study with this information proposed grid-connection for more
adequate generation from off-grid cases simulations for a grid-tied system to meet peak
demand. Figure 6-5 shows the map location of Igu-Bwari area in Abuja which indicated in

brown colour cone.
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Figure 6-5: Map of Igu-Bwari area location in Abuja with brown colour indication.

The Igu-Bwari installed 5 kW PV panels situated in a remote community area of Abuja as
indicated in Figure 6-6 presents the PV specifications used with 235-watt model and other

components for the electricity generation.
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Figure 6-6: 5kW Mini Grid PV capacity installation in Igu-Bwari Community.

Table 6-8: Solar World 230W Monocrystalline PV and the Technical Specifications

Configuration

Application

Off-grid

PV Systerm Capacity Sire (KWp)

5

Manufacturer

sSolar World

Rated PV Watt (W)

235

PV Type Used

rAono-crystalline

Mumber of Panels [units) 24
Annual Generation (kwh) 16,243
founted Method Fixed
Mumber of Batteries 24
Battery Capacity (ah) 200
Inverter Capacity (kW) 5
Hours of sunshine a

Peak sunshine hours 5

PV life span 25
Commencement Date 2011
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ELECTRICAL CHARACTERISTICS

SW 230

Perfarmance Under standard Test Conditions (STC): 1000W/m?, 25%, AM 1.5

Maximum Power (Pmax) 230 Wp

Open circult voltage (Voc) 374V

Maximum power point voltage (Vmpp) 30.0V

short clreuit current (Isc) B.16A

Maximum power polnt current (Impp) 7.68 A

Performance at BOD W/m?, NOCT, AM 1.5

Maximum Power (Pmax) 166.9 Wp

Open elreuit voltage (Vo) 339V

Maximum power point valtage (Vmpp) 7.2V

Short circuit current (Isc) 6.58 A

Maximum power polnt current (Impp) 6.14 A

Thermal Characteristics

NOCT 46%c

TC (1s¢) 0.004%/k

TC (Voe) -0.30%/k

TC (Pmpp) -0.45%/k

Operating temperature -40° to 85%

Component Materials

Cell per module &0

Cell type Monacrystalline

Cell dimensions 6.14 in x 6.14 (156 mm x 156 mm)
Front Tempered glass (EN 12150)
Frame Clear anodized aluminum
weight 46,7 Ibs (21.2 kg)

System Integration Parameters

Maximum system voltage 5C11 1000V

Max. system voltage USA NEC 600V

Maximurm révérie current 164

Mumber of bypass diodes 3

UL Maximum Test Load a5 psf (2.1 kN/m')
IEC Maximum Snow Test Load 113 psf (5.4kN/m)
Additional Data

Power tolerance -0 Wp/+5 Wp
I-Box P65

Conngctor MC4

Madule efficiency 13.72%

Fire rating (UL 790) Class €

Note: Minor reduction in efficiency under partial load conditions at 25° from 200W/m?, 95%
(+/-3%) of STC efficiency (1000 W/m?). Appropriate factors of safety applied according to the

test standard and local building code requirements when designing a PV system.

6.2.3.1 PV Installations

This project demonstrated the PV system potential for solar electrification in the rural-remote
area of Nigerian states. This project executed by the government to provide electricity access

to locations without national grid access due to wire extension cost for the connection. The

(Source: Fieldwork and ECN, 2016).
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outcome shows best-case-scenario in the location unlike a few other locations with non-
functionality. The community presently enjoys cost-effective electricity with a conducive

environment as presented in Figure 6-7.

Solar Powered telecommunication in Kaduna-Abuja Road and water pumping at Danjawa village

Solar Street Lightings in 1buse town delta state, UDUS Sokoto and Uyo Akwa 1bom stetes

\

Figure 6-7: Some ECN and SERC solar electrification installations (Source: ECN 2005).
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6.2.3.2 Breakdown Cost Investment

Table 6-9 indicates financial breakdown for cost analysis of solar PV system in the location
and other components used for the investment. Table 6-10 presents the consumption

(appliances) and generation.

Table 6-9: Business Model Cost Breakdown

PV Installed | Item Description Quantity Unit Cost | Amount Total
capacity (MGMN): MK (NGMN): N:K Investment
(kw) [(NGN): N:K
5 PV Module 32 100,000 3,200,000

Deep-cycle batteries 17 95,000 1,615,000

Charge controller 4 60,000 240,000

Inverter 2 170,000 240,000

Supporting structure - 400,000 400,000

Cost of Accessories - 200,000 200,000

Contingencw'transpor‘t - 240,000 240,000

Labour - - 200,000
Total MNG,435,000.00

Table 6-10: Appliances for Study data Generation and Consumption

Appliance Quantity Appliance No. of | Total watt | Generation Variance %
type wattage hours | consumed watt per day | between Utilized
used per day | (Wh) generation &
(Wh) consumption
Lighting 80 3 24 5,760
bulb
Security 80 5 24 9,600
bulb
Total 15360 45120 29760 34%
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The electricity from installed PV panels’ generated 16,243 kWh/year can meet full load
capacity with more appliances. Table 6-11 shows the total generation and consumption. It is
advisable to increase the number of appliances to maximize generated power. Figure 6-8

presents the total amount of energy consumed in the pie chart. Table 6-12 represents the RET

Screen simulation results in this study.

Table 6-11: Generation over Consumption

Case Total Watt Total Watt % of % of Maximum Excess
Study 2 | Consumed/day | Generated/day | Generation watt Utilized
(W) (W) over consumable/day (%)

Consumption

Igu- 15,360 45,120 134 100 34

Bwari

TOTAL POWER (Watts)

= Room bulbs

= Security bulbs

Figure 6-8: The total power in watts.

Table 6-12: Case Study 2: Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 5
Annual O&M Cost (NGN) 550
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Electricity Rate-Base Case (NGN/kWh)

110.014

Total Electricity Cost (NGN)

4,417,060

Table 6-13: Proposed Grid-connected with current National and Solar Company’s Rate

Analysis Type Methad 2

Solar Tracking mode Flwad

Angle/slope 15%

Manth Horlzontal Daily 5olar | Tilked  Dally  Solar | Electricity Export Rate | Electricity Exported to
Radlation Radlation {NGN/MWh) Grid [MWh)
{kwWh/mdfday) {kWhim?/day)

January 5,88 .56 24.30 0902

February 6,09 .49 24.30 0803

tarch 6.27 &.a6 24,30 0872

April 6.06 5,84 24.30 0. 784

Py 5.58 5,19 24.30 0,723

June 5.06 4.65 £4.30 0632

July 4,44 4,14 24.30 0588

August 4.19 4.0 24,30 0574

September 4,73 4,69 24.30 0,643

October 5.31 5,53 24,30 0774

Hovember 5.98 6,60 24.30 0.88.2

December 5.86 .64 24.30 0.913

Annual 5.45 5.35 24,30 9087

Harizontal MWh/m? 1.99

Tilted MWh/m? 2.03

Analysis Type Method 2

Solar Tracking mode Fixed

| Angle/slope 15"

Menth Horizontal Daily Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiatlan Radlation (MEN/MWh) Grid (MWh)
{kWh/m?/day} (kWh/m?/day)

lanuary 5.88 6,56 110.0 0,902

February G.09 G.49 110.0 0.803

March 6,27 636 110.0 0.872

April 6.0& 5.84 110.0 0.784

Fay 5.58 5.19 110.0 0.723

June 5,06 4,65 110.0 0.632

July 4.44 4.14 110.0 0.588

_August 4.19 4,02 110.0 0.574

Septermber 4.73 4,69 110.0 0.642

Oictober 5.31 5.53 110.0 0.774

November 5.98 6.60 110.0 0.822

December 5.86 664 110.0 0.913

Annual 5.45% 5.5% 110.0 9.087

Haorizantal MWh/m* 1.99

Tilted MWh/m* 2.03

Table 6-13 presents the current national electricity fuel rate GBP0.06 (N24.30) and solar
company’s electricity rate GBP0.3 (N110) due to the proposed central grid-connection in
Nigeria. They generated the same amount in capacity with a little fraction on yearly cash flow

(N/kWh or MWh). For example, the cumulative cash flow for 25 years’ realized GBP15, 951
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(N6,459,989) using N110 rate and GBP15, 903 (N6, 440,520) using N24.30 rate. The difference
between them is equal to GBP48 (N19, 469).

6.2.3.3 Rationale Evaluation

Case study 2 shows a long payback period from less consumption to generation with high
investment capital based on the capacity installed. The standard electricity rate (N110)
attracted good yearly return/savings. The government pilot project helps to reduce short-
term costs for long-term benefits particularly rural-remote areas with scare income and
without national grid connections. The literature finding confirmed that government
incentives with long-term payback through the financing of pilot project reduced short-term
costs while making solar PV project relatively cost-effective for long-term benefits, to support
PV investment and boost solar energy deployment in Nigeria (Oyedepo, 2012). In addition,
solar energy potential for electricity generation depends on the amount of investment and
capacity installed in Nigeria. Table 6-14 presents sufficient generation, which provided the

people with modern solar electrification access services in the community.

Table 6-14: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kWh) (N) (N) (YEAR)
(kw) (kWh)

ECN IGU- | 5 5,530 110 286,550 6,435,000 15.4

BWARI

ABUJA

GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD

CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)

2 5 16,243 5,530 15.4

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
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CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)

2 6,435,000 15.4 286,550

6.2.4 Case Study 3: Central Area District of Abuja Location

Case study 3 site is in central area district that has many government offices. Figure 6-9

presents the location with a red dotted circle.

»
ey W W mlian mre s beend By natedlie
o Steperart skt has eotore R o b o e by

AR PPEE QWIS SN

e [l X . . .

Figure 6-9: Location with a Red spotted Circled Line.
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6.2.4.1 Abuja Central District 3.2 kW PV Installation

Figure 6-10 presents air-conditioner powered by solar PV system in the location. Table 6-15
presents the PV system specifications and other components used for electricity generation

in the location.

Figure 6-10: Powered Air-conditioner installation (Window unit).
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Table 6-15: Sun power SPR-210-WHT Monocrystalline PV System and the Technical

Specifications

Configuration

A sturdy anodized frame that allows panel to operate reliably
in multiple mounting.

Application Off-grid

PY System Capacity Size (kWp) 3.2
Manufacturer Sunpower
Model SPR-210-WHT
Rated PV Watt [W] 210

PV Type Used Mono-crystalline
Number of Panels [units) 16

Area covered (m?) 21

Annual Generation (kWh) 9,677

Mounted Method Fixed

Number of Batteries :

Battery Capacity (2h) 200

Battery days of Autonomy 3

Inverter Capacity (kW) 4.2

Inverter Efficiency (%) 98

Charge controllers 2ofd0Aand 48V
Angle degree 15%

Hours sunshine -9 (Average =8)
PV life span 25
Commencement Date June 2015

ELECTRICAL CHARACTERICS

STCis defined as: Irradiance of 1000w/m?, Spectrum AM: 1.5g and Cell Temperature of 25%

Peak Power (Pmax) 210W

Rated Voltage (Vmp) 40,0V

Rated Current (Imp) 5.25A

Open circuit Voltage (Voc) 47.7V

Short Circuit Current (Isc) 5.75A

Series Fuse Rating 15A

Maximum System Voltage 600V (UL)
1000C (IEC)

Module Efficiency 16.9%

Peak Power per Unit Area 15.7W/sq.ft.; 169W/m?

PTC Rating 193.7W

Peak Power Tolerance +/-5%

Power Guarantee 25

TEMPERATURE COEFFICIENTS

Power -0.38%/%

Voltage (Voc) -136.8mV/%c

Current (Isc) 3.5mA/%

MECHNICAL SPECIFICATIONS

Length

61.39in % 31.42 in (1559 mm x 798 mm)

Thickness including Junction box

1.81in (46 mm)

Weight

33 lbs (15 kg)
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This project is designed for domestic household use specifically for the air-conditioner to
reduce the load on weak grid infrastructure services and to offset electricity costs associated
with the cooling demand. However, the practical limitations of conventional electricity make

PV off-grid cooling system technically feasible and economically viable.
6.2.4.2 Breakdown Cost Investment

Table 6-16 indicates a financial breakdown of the solar PV system including other components

and labour expenses for the investment. Table 6-17 presents generation and consumption.

Table 6-16: Business Model Cost breakdown

PV INSTALLED | ITEM QUANTITY UNIT COST AMOUNT TOTAL
CAPACITY (kw) | DESCRIPTION

3.2 PV Panel 16 30,000 (DP) 480,000
Inverter 1 370,000 370,000
Battery 8 56,000 448,000
Installation 50,000
Total N1,348,000.00

Table 6-17: Appliances for Study data Generation and Consumption

Appliance | Quantity | App. No. of | Total Gen Variance | %
Watt Hours Watt Watt/year | b/w Gen | Utilized
Used Con/day and Con
Air- 2 1119 8 17904 26880 8976 67%
conditioner

The PV panels generated 26.9 kWh/day electricity or 9,677 kWh/year. The installed PV
capacity can meet all the full load capacity with the excess generation of 8,976 kWh (67%).
Table 6-18 shows the percentage of power consumption out of total generation. Figure 6-11
shows a plotted chart used to demonstrate the total amount of power from the installed

system. Table 6-19 represents the RET Screen simulation results in this study.
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Table 6-18: Generation over Consumption

Case Total Watt Total Watt % % of Maximum | Excess
Study | Consumed/day | Generated/day | Generation Watt Utilized
3 (W) (W) over Consumable/day (%)

Consumption
Abuja 17,904 26,880 167 100 67
central
TOTAL POWER (Watts)

= TOTAL WATT USED

Figure 6-11: The total power in watts for Air-conditioner.

Table 6-19: Case Study 3 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 3.2
Annual O&M Cost (NGN) 352
Electricity Rate-Base Case (NGN/kWh) 110.009
Total Electricity Cost (NGN) 4,416,852
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Table 6-20: Proposed Grid-connected with current National and Solar Company’s Rate

Mathad 3
Solar ?rltku‘mndl Flxed
| Angle/slope 15°
Manth Horlzontal Dally Solar | Tited  Dally  Solar | Electricity [uport Rate | Electricity Exported to
Radiation Radiation (HGH/MWh]) Grid [MWh]
(kwh/m?/day) (lewh/m?/day)
lanuary 5,88 6,56 24.30 0,577
Fabruary 6,09 649 24.30 0514
March 6.27 6,36 24.30 0.558
April [ 5,54 24.30 0.502
My 5.58 5.19 24.30 0.463
June 5,06 4,65 24.30 0,404
Jusly 444 4.14 24.30 0.376
| August 4.19 4.02 24.30 0.367
HEIh‘nbﬁ I_.TS 4.69 24.30 0411
Octobuer 5.31 5,53 24.30 0,495
Movember 5.08 6,60 24.30 0. 564
December 5.8 664 24.30 0.584
Annual 5.45% 5,55 24,30 5816
| Harliantal RAWh/mi 1,99
[Titted MWh/m? 203
Analysls Type Mathod 2
Solar Tracking mode Flwed
| Angle/slope 15°
Manith Horizontal Daily Solar | Tilted  Dally  Solar | Electricity Esxport Rate | Electricity Exported to
Radiation Radlatlon {NGM/MWH)] Grid [MWh]
(kWb fday) (kwhym?/day)
January 5.E8 G55 11000 0577
February 609 649 11000 0.514
March 6.27 6,36 110.0 0.558
April 6.06 554 11000 0,502
flay 5.58 519 11000 0463
June 5.06 4,65 110.0 0.404
Nuly 4.44 4.14 110.0 0.376
August 4.19 4.02 11000 0367
September 4.73 4,69 11000 0.411
October 521 553 110000 0.4495
Nowemhber .08 B0 11000 0564
December 5.B6 (K] 11000 0584
Annual 545 5,55 110.0 5.816
Harizental KW hm? 1,99
Tilted Mwhim* 2.03
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Table 6-20 presents the current national electricity fuel rate of GBP0.06 (N24.30) for the
proposed central grid-connection and solar company’s electricity rate GBP0.3 (N110) (USD
$0.30). They both generated the same amount of electricity and a slight difference for the
yearly cash-flow. The cash flow for 25 years’ with N110 rate GBP3, 368 (N1, 363,993) and
GBP3, 337 (N1, 351,533) with N24.30 rate. The difference between them is equal to GBP31
(N12, 460).

6.2.4.3 Rationale Evaluation

Case study 3 shows short-term payback period because of the huge return on investment.
The amount invested is reasonable based on consumption and generation. This off-grid
investment system potential for individual home installation project and the electricity rate
of N110 do not involve electricity sale to the national grid. As outlined in Chapter 2 summary,
the literature finding revealed a limited publication for the grid-connection system in Nigeria.
Table 6-21 presents a sufficient amount of solar electricity generated to less consumption

that powered air-conditioner reduced emissions around the surrounding location.

Table 6-21: Generation Consumption, and payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY | (kWh) (N/kWh) (N) (N) (YEAR)
(kw)

CENTRAL | 3.2kw 6,445 110 641,550 1,348,000 2

DISTRICT

ABUJA

GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD

CASE STUDY PV CAPACITY (kW) | POWER POWER CONSUMPTION | PAYBACK
GENERATION YEARLY (kWh) PERIOD (YEAR)
YEARLY (kWh)

3 3.2 9,677 6,445 2

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
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CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEAR) AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)

3 1,348,000 2 641,550

6.2.5 Case Study 4: Karu Residential Home

This residential location is in the largest cities of FCT-Abuja with blue arrow indication. Figure
6-12 represents Karu Location area with Blue arrow in Abuja. Figure 6-13 represents the

residential (Home) solar PV installation.

Diko
Kwamba

Kuje

Figure 6-12: Karu Location area with Blue arrow in Abuja.
6.2.5.1 Karu 2.16 Kilowatt PV Capacity Installation

This is the PV system on the rooftop at Karu city surrounded by the green environment. Table
6-22 presents the PV model technical specifications and other components used for electricity

generation.
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Figure 6-13: Residential (Home) solar PV installation.

Table 6-22: Solar World 230W Monocrystalline PV System and the Technical Specifications

Conliguration

Application

orf-gric

Py Systerm Capacity Size (RWis)

2.16

ranufacturer

Solar World

Rated PV Watt (W)

230

Py Type Used

rono-crystalline

Number of Panels (units) iz
annual Generation (kvwh) 14,076
PASunted PMaethod Fixed
Mumber of Batteries =@
Battary Capacity (AhR) 200
Days of Autonomy =2
Inverter Capacity (kW) 2.16

Charge controllers

2 aof 40 A and 48 v

Depth of Discharge (%6) 20

angle degree 15%c
Average radiation intensity BOOw S Tn?
Hours sunshine 10

Daily hour uss =@

PV life span z25
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SW 230

Parformance Under standard Test Conditions (STC): 10000 m?, 25%, AR 1.5

RABNIMILIT Powwer {Prmas) 230 Wp
Open circuit voltage (Voc) aFav
Paximuim powaer paint voltage (Vimpp) 30.0V
Short circult current (Isc) 8.16 A
FABRIMLIT power point current (Imgg) Foon A
Performance at BOO Wm!, NOCT, AR 1.5
PABRIMILITY Powar (Fm.nh 100,50 WD
COpen circwit voltage (Voc) AN
Maximum power point voltage (Vmpp) 272V
Short circuit current (1sc) .58 A
Maximum power point current (Impp) 6.14 A
THERMAL CHARACTERISTICS
| MoCT FTors
| TE (1sc) 0.004%/K
To (Vo) -0, 30
TC (Pmpp) “0.45%/k
Cparating temperature -A0Pc to BS°c
Componant Matarials '
Call por module (=T ]
| Call type RAonocrystalline
mmnllnnl E.ll i ox E.:I.d {lﬁ_ﬂ sl 4 l.;ﬂ Lealanl]
Front Tempered glass (EN 12150)
Frarme Clear anodized aluminum
Waight A6.7 lbs (21,2 kg)

Systam Inteagration Paramaters

FAasimmum system voltage SC11 1 Ol W
PAmx. syntem voltage USA NEC D W
PARRIFTILIFTY FOveerse curremnt 16 A
Mumibisr of bypass disdes a

WL Maximium Test Load

a5 psf (2.1 KM/m')

IEC MaxIimuim Snow Tast Load

113 paf (S.akm/m')

Additional Dats

T Power tolarance

O Wp/+n Wp

i-Box Tt

T Connector rACA
Foiniduil e I'ﬁll:llﬂl:v 13.72%
Fire rating {LIL 790) Class C
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Note: Minor reduction in efficiency under partial load conditions at 25°% from 200W/m?, 95%

(+/-3%) of the STC efficiency (1000 W/m?) achieved.

6.2.5.2 Breakdown Cost of Investment

Table 6-23 indicates the financial breakdown including other components and labour

expenses incurred from the investment. Table 6-24 shows consumption and generation.

Table 6-23: Business Model Cost Breakdown

PV Installed | Item Description Quantity Unit Cost | Amount Total
capacity (kW) (NGN): N:K (NGNJ: N:K Investment
(NGN): N:K

2.16 Maodule 17 100,000 1,700,000

Deep-cycle batteries 9 95,000 855,000

Charge controller 2 60,000 120,000

Inverter 1 170,000 170,000

Supporting structure - 200,000 200,000

Cost of Accessories - 100,000 100,000

Contingency/transport - - 120,000

Labour - - 100,000
Total N3,365,000.00

Table 6-24: Appliances for Study data Generation and Consumption

Appliance Quantity App. Watt | Mo.of Total Watt | Genin Variance % Utilized
Hours Con/day Watt/day bfw Gen
Used and Con

Lighting 10 11 9 S50

bulb

Security 4 30 9 1080

bulb

Fan 5 100 9 4500

TV 1 100 ] Q00

Fridge 1 100 24 2400

Freezer 1 100 24 2400

Aijir- 1 1119 & 6714

conditicner

Cooker 1 1000 1 1000

Phone 2 2 2 &

charging

Total 20442 35100 18558 52%
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Table 6-25: Generation over Consumption

Case Total Watt Total Watt % of Excess
Study | Consumed/day | Generated/day Generation % of Maximum Utilized
watt
4 w W over %
(W) (W) consumable/day (%)
Consumption
Karu 20,442 39,100 152 100 52
House
TOTAL POWER (Watts)
1000 40— 8,99 , 0,
\'4,500
2 ..
2,400 2,400
= Lighting bulb Security bulb Fan TV = Fridge
= Freezer = Air-conditioner ® Cooker = Laptop = Phone charging

Figure 6-14: The total power in watts.

Table 6-26: Case Study 4 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 2.16
Annual O&M Cost (NGN) 238
Electricity Rate-Base Case 110.006
(NGN/kWh)
Total Electricity Cost (NGN) 4,416,738
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Table 6-27: Proposed Grid-connected with current National and Solar Company’s Rate

Analysis Type Method 2

Solar Tracking mods Fixed

Anglefslope 150

Month Horizontal Daily Solar | Tilked  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [NGN/MWh) Grid [MWh)
(kWh/m?*/day) (kWhy/m?/day)

January 5.88 6.56 24.30 0.390

February 6.09 6.49 24.30 0.347

March 6.27 6,36 24,30 0.377

April 6,06 5.84 24.30 0.339

May 5.58 5.19 24.30 0.312

June 5.06 4,65 24.30 0.273

July 4.44 4.14 24.30 0.254

August 4,19 4.02 24,30 0.248

September 4.73 4.69 24.30 0.278

Dctaber 5.31 5.53 24.30 0.334

MNovember 5.498 .60 24.30 0.381

Decembear 5.86 6,64 24.30 0.394

Annual 545 5.55 24,30 3.926

Horizontal MWh/m? 1.59

Tilted MWh/m? 203

Analysis Type Method 2

Salar Tracking moade Fised

| Angle/slope 15°

Maonth Horlzontal Dally 5olar | Tilked  Dally  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [MGN/MWh) Grid (MWh)
{kwhy/md/day) (kW hy/m?fday)

lanuary 5.88 6.56 110.0 0.390

February .09 6.49 110.0 0.347

March 6.27 6.36 110.0 0.377

Agpril 6.06 5.B4 110.0 0.339

Wy 5.58 3.19 110.0 0.312

lune 5.06 4.65 110.0 0.273

July 4.44 4.14 110.0 0.254

August 4.19 4.02 110.0 0.248

September 4.73 4.69 110.0 0.278

October 5.31 5.53 110.0 0.334

Hovember 5.98 6.60 110.0 0.381

December 5.86 6.64 110.0 0,394

Annual 5.45 5.55 110.0 38926

Haorizontal MWh/m? 1,99

Tilted MWh/m? 2,03

The current national electricity fuel rate that is equal to GBP0.06 (N24.30) for central grid-
connected. The solar company’s electricity rate is equal to GBP0.3 (N110). The cash flow is
equal to GBP8, 335 (N3, 375,795) using N110 rate and GBP8, 315 (N3, 367,385) with N24.30
rate for 25 years’. The difference between them is GBP21 (N8, 410).
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6.2.5.3 Rationale Evaluation

Case study 4 show medium-term payback period due to good return on investment
depending on the amount invested. Table 6-28 presents sufficient amount of generation and
less consumption that provided the household need with modern access services, clean and

safe energy in the location.

Table 6-28: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kwWh) (N) (N) (YEAR)
(kw) (kwh)
KARU 2.16 110 641,240 3,365,000 4.8
RESIDENTIAL
HOME
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
4 2.16 14,076 7,359 4.8
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) | AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)
4 3,365,000 4.8 641,240

6.2.6 Case Study 5: Garki 1 location

This is a very popular area with many business activities being the first discovered part of FCT-
Abuja. Figure 6-15 presents a residential solar PV location with the blue arrow indication.

Figure 6-16 presents the installed PV system for the home application.
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Figure 6-15: Garki with the Blue arrow indication in Abuja.

6.2.6.1 Garki 2 Kilowatt PV Capacity Installation

Figure 6-16: Solar PV residential home installation in Abuja location.

Table 6-29 presents the PV model technical specifications with other components used for

electricity generation in the location.
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Table 6-29: Solar World 230W Monocrystalline PV System and the Technical Specifications

Configuration

Application Off-grid

PV System Capacity Size (kWhp) 2.0
Manufacturer Solar World
Rated PV Watt (W) 230

PV Type Used Mono-crystalline
Mumber of Panels {units) 15

Annual Generation (kWh)

12,420 or 9,936 (Average)

Mounted Method

Fixed

MNumber of Batteries 2

Battery Capacity (Ah) 200

Days of Autonomy 3
Inverter Capacity (kW) 2

Charge controllers 2 of 40 Aand 48V
Depth of Discharge (%) 30

Angle degree 15%
Average radiation intensity 600w/ m?
Hours sunshine 10

Daily hour use 3

PV life span 25

SW 230

Performance Under standard Test Conditions (STC): 1000W/m?, 25%, AM 1.5

Maximum Power (Pmax) 230 Wp

Opan circuit voltage (Voc) 3rav

Maximum power point voltage (Vmpp) 300V

Short circuit current (lsc) 8,16 A

Maximum power point current (Impp) 768 A

Performance at 800 W/m?, NOCT, AM 1.5

Maximum Power [Pmax) 166.9 Wp

Open clrcult voltage (Voe) 339V

Maximum power point voltage (Vmpp) 27.2V

Short clrcult current (lsc) 6,58 A

Maximum power point current (Impp) 6,14 A

THERMAL CHARACTERISTICS

NOCT 46%

TC (lse) 0.004%/k

TC (Voe) -0.30%/k

TC (Pmpp) -0.45%/k

Operating temperature -40% to 85%

Component Materlals

Cell per module 60

Cell type Monocrystalline

Cell dimensions 6,14 in x 6,14 (156 mm x 156 mm)
Frant Tempered glass (EN 12150)
Frame Clear anadized aluminum
Weight 46.7 Ibs (21.2 kg)

System Integration Parameters

Maximum system voltage 5C11 1000V

Max, system voltage USA NEC 600 V
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[ Mandimurm reverse cutrent 16A
Number of bypass diodes 3
UL Maximum Test Load 45 psf (2.1 kN/m?)
EC Maximum Snow Test Load 113 psf (5.44N/m)
Additional Data
Power tolerance DWp/+5Wp
J-Box IPES
Connector MC4
Madule effickency 13.70%
Fire rating (UL 790) Class C

Note: Minor reduction in efficiency under partial load conditions at 25°% from 200W/m?, 95%

(+/-3%) of the STC efficiency (1000 W/m?) achieved.

6.2.6.2 Breakdown Cost of Investment

Table 6-30 indicates the financial breakdown for solar PV installation cost with other
components including labour expenses used for the investment. Table 6-31 shows

consumption and generation.

Table 6-30: Business Model Cost Breakdown

PV Installed | Iterm Description Quantity Unit Cost | Amount Total
capacity (MGMN): MK | (NGMN): MK Investment
(kW) (NGN): N:K
2.0 Module 15 100,000 1,500,000

Deep-cycle batteries B 495,000 760,000

Charge contraller 2 60,000 120,000

Inverter 1 170,000 170,000

Supporting structure - 200,000 200,000

Cost of Accessories - 100,000 100,000

Contingency/transport | - - 120,000

Labour - - 100,000
Total M3,070,000.00
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Table 6-31: Appliances for Study data Generation and Consumption

Appliance Quantity App. Mo. of Total Watt | Genin Variance b/w % Utilized
Watt Hours Con/day Watt/day Generation
Used and
Consumption
Lighting 10 11 g 990
bulb
Security 4 30 9 1080
bulb
Famn 5 100 ] 4500
™ 1 100 ] Q00
Fridge 1 100 24 2400
Freezer 1 100 24 2400
Air- 1 1119 -] 6714
conditioner
Cooker 1 1000 1 1000
Laptop 1 50 ] 450
Phone 2 2 2 8
charging
Total 20442 34500 | 14058 | 593

The installed PV panels generated 34.5-kilowatt-hour per day or 12,420 kWh/year. This

installed solar PV capacity can meet all the full load capacity with more appliances utilized

from excess generation 14,058 in watt per day. Table 6-32 presents generation over-

consumption. This case consumes less than power generated and advised to increase the

number of appliances to maximize the power generated. Figure 6-17 demonstrates the total

amount consumed in a plotted pie chart. Table 6-33 represents the RET Screen simulation

results in this study.

Table 6-32: Generation over Consumption

Case Total Watt Total Watt % of Excess
Study 5 | Consumed/day | Generated/day | Generation % of Maximum | Utilized
(W) (W) over consurﬁztbtle/day (%)
Consumption
Garki 20,442 34,500 159 100 59
House
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TOTAL POWER (Watts)

1000 450 8

1,080

g

= Lighting bulb = Security bulb Fan TV

4,500

900

= Freezer m Air-conditioner m Cooker = Laptop

= Fridge

= Phone charging

Figure 6-17: The total power in watts.

Table 6-33: Case Study 5 Off-grid Base Case Simulation

Grid type Off-grid

Technology Grid Electricity
Fuel Rate (NGN) 110.00

Capacity (NGN/kWh) 2
Annual O&M Cost (NGN) 220
Electricity Rate-Base Case (NGN/kWh) 110.005
Total Electricity Cost (NGN) 4,416,720

Table 6-34 shows the current national electricity fuel rate is equal to GBP0.06 (N24.30) for

central grid-connected. The solar company’s electricity rate is

both generated the same amount of capacity value and cash flow for 25 years’ with N110 rate

is GBP7, 605 (N3, 079,996) and N24.30 rate is GBP7, 586 (
between them is equal to GBP19 (N7, 788).
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Table 6-34: Proposed Grid-connected with the current National and Solar Company’s Rate

Analysis Type Method 2

Solar Tracking mode Fined

Angle/slope 159

Month Horizontal Daily Solar | Tilted Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWh) Grid (MWh)
{kWh/m?/day) {kWh/m?/day)

lanuary 5.88 6.56 24.30 0.361

February 6.09 6.49 24.30 0.321

March 6.27 6.36 24.30 0.349

Agpril 6.06 5.84 24.30 0.314

May 5.58 5.19 24.30 0.289

Juirve 5.06 4.65% 24.30 0.253

July 4.44 4.14 24.30 0.235

| August 4.19 4.02 24.30 0.229

September 4.73 4.69 24.30 0.257

October .31 5.23 24.30 0.310

November .08 6.60 24.30 0.353

Decernber 5.86 6.64 24.30 0.365

Annual 5.45 5.55 24.30 3.635

Horizontal MWh/m® 1.99

Tilked Mwh/m* 2.03

Analysis Type Method 2

Solar Tracking mode Fined

Angle/slope 157

Manth Horizontal Daily Solar | Tilted Daily  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [NGN/MWh) Grid (MWh)
(kWh/m?/day) (kWh/m?/day)

lanuary 5,88 6,56 110.0 0,361

February 6.09 6,49 110.0 0,321

March 6.27 6.36 110.0 0.349

April 6.06 584 110.0 0.314

hay 5.58 5.19 110.0 0.289

June 5.06 4.65 110.0 0.253

July 4.44 4.14 110.0 0.235

August 4.19 4,02 110.0 0,229

September 4,73 4.69 110.0 0,257

October 331 5.53 110.0 0.310

November 5.98 6,60 110.0 0,353

December 5.86 6,64 110.0 0.365

Annual 5.45 5.55 110.0 3.635

Horizantal MWh/m? 1.99

Tilted MWh/m? 2.03

6.2.6.3 Rationale Evaluation

Case study 5 shows medium-term payback period due to a good return on investment
depending on the high amount invested. Table 6-35 presents a sufficient amount generated
with less consumption. This solar electrification provided the household with modern access

service in the location.
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Table 6-35: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION
LOCATION CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kWh) (N) (N) (YEAR)
(kw) (kWh)
GARKI 2 7,359 110 655,990 3,070,000 4.3
RESIDENTIAL
HOME
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW) | POWER GENERATION | POWER PAYBACK
YEARLY (kWh) CONSUMPTION PERIOD (YEAR)
YEARLY (kWh)
5 2 12,420 7,359 4.3
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)
5 3,070,000 4.3 655,990

6.2.7 Case Study 6: Ademola Adetokunbo Location

This location is in wuse district the busiest business area of FCT-Abuja with a red dotted circle.

Figure 6-18 presents the project location. Figure 6-19 presents the PV system installation.

f Adetokunbo A “A
Adoemola

/ Stroot v

........

Figure 6-18: The Abuja Location circled with a red dotted.




6.2.7.1 Ademola Adetokunbo 1 Kilowatt PV Capacity Installation

The installation of 1 kW off-grid PV is to provide clean and affordable electricity to homes and

small businesses. Figure 6-20 presents the suitcase size solar system type.

Figure 6-20: Lumos GP-080P-36 Polycrystalline PV design.
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This company provides affordable service that allows customers to utilize the “pay-as-you-
go” (PAYG), model. The system comes with a home solar panel, indoor storage and
connection unit, allows customers access with a significant amount of power for a day and
night demands. They offer a simple solar power service in an affordable way to homes and
small businesses. Due to the small instalment payment by the customer, the technology has

become cheaper than kerosene. Table 6-36 presents the PV model technical specifications.

Table 6-36: Lumos GP-080P-36 Polycrystalline PV Panel and the Technical Specifications

Configuration Aanodize aluminium imMmprowved with strong
lightweight aluminium frame design with
reinforced sealing and load hold to prevent
freezing and warping that stand against high
Wil .

Application Stand-alone

Py Systerm Capacity Size [(kwwp) a

Mranufacturer Lurmos

racdel SP-OS20P-265

PwW Type Used Poly-crystalline

MNumber of Panels (units) a

annual Generation  (kwwh) 172 or 58 (Peak)

rMMounted PMeaethod Fixed

rMumber of Batteries a

Battery Capacity (Ah) 200

Drays of Sutonormey

Inwverter Capacity (kW)

Charge controllers -

Depth of Discharge (26) a0

Angle degres -

Howurs sunshine (=]

Peak hour of sunshine 1-3 pm {2 howurs)

Pw life span 25
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Lumos Model GP-0B0P-36
Peak Power (Pmax) 30W
Maximum Power Voltage (Vmp) 17.7 W
Maximum Power Current (Imp) 4.52 A
Open circuit Voltage (Voc) 217V
Short circuit current {Isc) 4.9 4
Module Efficiency 16.14 %
Operating Module Temperature -40%c to + 85°%
Maximum System Voltage 200 v
Series Fuse Rating 10

Power Tolerance +3%

MECHAMNICAL CHARACTERISTICS

Solar Cell 36 cells in series

Mo. of Cells 36 (4x9)

Dimensions 290 x 670 x 30mm (35.04 x 26.38 x 1.18 inch)
Weight 7.1 kg (15.62 Ibs)

Front Glass EVA, TPT

Junction Box IP&5 rated with UL and TUV

Cables (Output optional) LAPP (4mm)

Length

S00mm (-1 and 900mm (+)

Connector

MC Plug Type IV

TEMPERATURE COEFFICIENTS

A (Isc) 0.08%,/c
3 (Voc) -0.32%/ c
¥ (Pmax)-0.38%/"c

Current Temperature Coefficient of Isc
Voltage Temperature Coefficient of Voc
Power Temperature Coefficient of Pmax

6.2.7.2 Cost Investment Breakdown

Table 6-37 indicates a financial breakdown of solar PV installation total cost including labour

expenses used for the investment.

Table 6-38 shows the consumption and generation.
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Table 6-37: Business Model Cost Breakdown

SOLAR PV PANEL | ITEM INSTALLED QUAUNTY TOTAL PROJECT
INSTALLED COST
1 80 W Large Panel 1

Solar Cable 1

Solar  Control &
Storage 1
Sockets DC 12V Max | 8
USB Mobhile Phane
Adapter

Powerful LED Bulbs
Easy Self-Installation
Mounting Kit 1 N238,000.00

Table 6-38: Appliances for Study data Generation and Consumption

Appliance | Quantity | App. No. of Total Gen Variance b/w | %
Watt Hours Watt Watt/day | Generation Utilized
Used Con/day and
Consumption
Bulb 4 6 24 576
Fan 2 15 24 720
™ - - - -
(Optional)
Total 1296 1800 | 504 | 729%
Total Generation per Year 548 kwh

The 1 kW installed capacity generated 1.8 kWh/day or 648 kWh/year. This installed PV
capacity can meet all the full load capacity in the residential home with the excess generation
504 kWh over-consumption. Table 6-39 presents the generation over-consumption. Figure

6-21 presents the total power used plotted in Pie chart.
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Table 6-39: Generation over Consumption

Case Study Total Watt Total Watt % of Excess
6 Consumed/day | Generated/day | Generation % of Maximum | Utilized
watt
W W %
(W) (W) over consumable/day (%)
Consumption
Ademola 1,296 1,800 172 100 72
Adetokunbo
TOTAL POWER (Watts)
= Bulbs
= Fans

Figure 6-21: The total power in watts.

This case study consumes less than power generated. It is advisable to increase the number

of appliances to maximize the power generated. Table 6-40 represents the RET Screen

simulation results in this study.
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Table 6-40: Case Study 6 Off-Grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 1

Annual O&M Cost (NGN) 110

Electricity Rate-Base Case (NGN/kWh) 110.003

Total Electricity Cost (NGN) 4,416,610

Table 6-41: Proposed Grid-Connected with the current National and Solar Company’s Rate

Analyiis Type Method 2

Solar Tracking mode Fined

Angle/slope 15

Month Morizontal Dally Solar | Tiited Dally  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWH) Grid (MWh)
(kwhjm?/day) (kwh/m/day)

lanuary 588 6.56 2430 0.179

February 6.09 649 24.30 0.159

March 6.27 6.36 2430 0.173

April 6.06 5.84 24.30 0,155

May 358 519 24.30 0.143

June 5.06 4,65 2430 0,125

July 4.44 4.14 24.30 0.116

'ﬂpﬂ 4.19 4.02 24,30 0.114

Seplember 4.73 4.69 24.30 0127

October 53 5.53 2430 0.153

November 5.98 6.60 24,30 0.175

Decembir .86 b.64 24.30 0.181

Annual 5.45 5.55 2430 179

Horlzontal MWh/m? 1.99

Tilted Mwh/m? 2.03
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Analysis Type Method 2

Solar Tracking mode Fixed

Angle/slope 15

Manth Horizontal Dally Solar | Tilted  Daily  Solar | Electricity Export Rate | Electricity Exported to
Radlation Radlation (NGN/MWh) Grid (MWh)
(kWh/m?/day) (kWh/m?/day)

January 5.B8 6,56 110 0.179

February 6.09 649 110 0.159

March 6.27 b.36 110 0.173

April 6.06 2,84 110 0.155

May 5.58 5.19 110 0.143

June 5,06 4.65 110 0.125

July 4.44 4.14 110 0.116

| August 4.19 4.02 110 0.114

September 473 4,69 110 0.127

Oetober 531 .53 110 0.153

Novermbier .98 B.60 110 0.175

December 5.86 .64 110 0.181

Annual 5.45 5.55 110 1.799

Horizontal MWh/m? 1.64

Tilted MWh/m? 2.09

Table 6-41 shows the current national electricity fuel rate, which is equal to GBP0.06 (N24.30)

for central grid-connected. The solar company’s electricity rate is equal to GBP0.3 (N110) with

the same amount of capacity value. Cash flow for 25 years’ using N110 rate is equal to GBP600

(N242,998), and it is GBP590 (N239, 104) using N24.30 national rate. The difference between

them equal to GBP10 (N3, 894).

6.2.7.3 Case Study 6 Rationale Evaluation

Case study 6 shows medium to long-term payback period and a good return on investment

depending on the small amount invested. Table 6-42 presents a sufficient amount generated

with less consumption. The solar electrification provides homes, community, and businesses

with modern access services.
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Table 6-42: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION
LOCATION CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kWh) (N) (N) (YEAR)
(kw) (kWh)
LUMOS 1 467 110 39,470 238,000 5.4
ADEMOLA
ADETOKUNBO
ABUJA
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
6 1 648 467 5.4
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) | AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)
6 238,000 5.4 39,470

6.3 Awka Area Case Study 7

6.3.1 Awka Weather Condition

Awka is the capital city of Anambra state created 27th August 1991 with over 300,000

populations. The Awka geographical coordinates are Latitude 6°20' N and Longitude 7°00'E

and the elevation 105 meters (344 feet). The people with over 60 percent leave in urban areas

making the state one of the most urbanized places in Nigeria. The temperature ranges

between 25.4°C and 30.6°C and a tropical forest type of vegetation (Elochukwu, 2015). Awka

temperature is generally comfortable at 27-30 Celsius degrees between June and December

and rises to 32-34 degrees between January and April. The temperature varies between driest
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and wettest months by 3.8 °C with 299 mm difference in precipitation (Jackson, 1986). The
warmest month of the year is March with an average temperature (29.0 °C) and August is the
lowest average temperature (25.2 °C) for the whole year (Gismeteo, 2016). The precipitation
mostly falls in September with 306 mm average and December the driest month with 7 mm
(Ike, 2012; Anyadike, 1993 and Brooks, 1916). Figure 6-22 presents Awka location with the
red dot-circle line. Figure 6-23 represents Awka normal and monthly average temperature

and precipitation.
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Figure 6-22: Awka location with red dot-circle line (Source: Chinyelu, 2015).
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Figure 6-23: Awka Normal and Monthly Average Temperature and Precipitation.

6.3.2 Nnamdi Azikiwe University 1 Kilowatt PV Capacity

6.3.2.1 PV Installation

The PV systems installed at Dora Akunyili and Stella Okoli female hostels for security lighting
in Awka at Nnamdi Azikiwe University. Table 6-43 presents the PV system technical

specifications with other components used for the electricity generation.
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Table 6-43: Suntech STP 250S-20 Monocrystalline PV System and the Technical Specification

Location Al (south-east Migera)
Application Off-griel or Stand-alone
| PV Capacity installed kW
Manulacturer Suntach
Lach rated PV Watt L0

PY type used

Pono-crystalline pamel

Muivilser of panels

A

T Generation

150 V used 1o power battery bank

Mounted Mothod

Fixed angle harizantal

_'I'rlclﬂn. Msthod Mﬁ
Ovitentation or Tl angle wused .29 south
Battery used 6 W Trojan lead-acld of 43% Amp-hr
Heour of Sunshine H
Avmrage Sunshine A
Hours of power demand throughout the | 12
nijght

Cannection Serles
P lileespan 20-2% yoars
ELECTRICAL CHARACTERISTICS
STC

T Optimum Operating Voltage (Vimp) 0.7 V

Cptimum Operating Current {(Img) B.15 A

Open Circult Voltage (Voc) 374V

Short Cireuit Current (15c) B.63 A
Maximum Power at STC (Pmax) 250 W
Maodule Efficiency 15.4 %

Operating module temperature

-40Fc to +85°c

RABKIMLIM system voltage 1000 vV DC (IEC)
Paximum series fuse rating 20 A
Pawer Tolerance 0/ 5%

TNOoCT
PAaximum Power at NOCT (Prmax) 183w
Optimum Operating Voltage (Vmp) 279V
Optimum Operating Current (Img) 6.55 A

TGpen Circult voltage (vec) ad.av
Short Circuit Current {(1sc) 6.96 A
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TEMPERATURE CHARACTERISTICS

Mominal Operating Cell Temperature (MOCT) A5+2%
Temperature Coefficient of Pmax -0.45 %,/%c
Temperature Coefficient of Woc -0.34 %,/ c

Temperature Coefficient of Isc

0.050 25/%c

MECHMICAL CHARACTERISTICS

Solar Cell

Monocrystalline silicon 156 x 156 mm {Ginches)

Mo. of cells

60 (6 x 10)

Dimensions

15640 x 992 x 50 mm (64.6 x 39.1 x 2.0 inches)

Weight

19.1 kgs (42.1 lbs)

Front Glass

2.2 mm (0.12 inches) tempered glass

Frame

Anodized aluminium alloy

Junction Box

1P67 rated (32 bypass diodes)

Output Cables

TUW (2pfgll69:2007), UL 4703, UL44, 4.0 mm?
(0.006 inches?) symmetrical lengths (-) LO000MmMm
{39.4 inches) and (+) L0000 mm (29.4 inches)

Connectors

MCA connectors

6.3.2.2 Dora Akunyili and Stella Okoli hotels for Solar Electrification

This stand-alone installed PV system for security lights between two hostels (Dora Akunyili
and Stella Okoli) due to grid supply shortage and outages. This provided the campus with
electricity access for lighting with 4 monocrystalline panels, MPPT charge controller, deep-
cycle lead-acid Trojan batteries, fuses, switches, conduct wires, and 6 LED Lamp heads (lke
Chinelo et al., 2013). The electrification using solar regular light supply put away the night

darkness around the surroundings. It also helps to reduce environmental impact. Figure 6-24

presents the solar PV electrification demonstration.
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Solar PV system Battery Storage and MPPT Charge Controller.

ey nraTg ay

Awka Village Solar Electrification

Figure 6-24: Awka Solar PV Electrifications (Source: University, 2001).

6.3.2.3 Cost Investment Breakdown

Table 6-44 indicates the financial breakdown for solar PV installation total cost including all
components and labour expenses used for the investment. Table 6-45 presents the load

consumption appliances used for the lighting in the location.

Table 6-44: Business Model Cost Breakdown

PV Capacity Installed Total Investment (NGN) N:K
1 kW N500,000
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Table 6-45: Appliances for Study data Generation and Consumption

Generation Utilized

Consumed Watt Per Excess power

Appliance | QTY | Watt | Hour | Watt/Day Day electricity (%)
LED lamp
head for
security

light 6 6 12 432 8,000 7,568 5.4%

The 1 kW installed capacity with eight hours’ sunshine with 250 W of 4 PV panels generated

8-kilowatt hour.

Table 6-46: Generation over Consumption

Case Study 7 Total Watt Total Watt % of % of Maximum watt | Excess
Consumed/day Generated/day Generation consumable/day Utilized
W) (W) over (%)
Consumption
Dora & Stella 432 8000 105 100 5
Hostels
TOTAL POWER (Watts)
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Figure 6-25: The total power in watts for LED security lighting.




Table 6-46 shows consumption and generation. This case consumes less than power
generated and is advisable to increase the number of appliances use to maximize the power
generated. Figure 6-25 presents the total power used for LED security lighting. Table 6-47

presents the electricity generated from the RET Screen simulation result.

Table 6-47: Case Study 7 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 1
Annual O&M Cost (NGN) 110
Electricity Rate-Base Case (NGN/kWh) 110.003
Total Electricity Cost (NGN) 4,416,610
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Table 6-48: Proposed Grid-connected with the current National and Solar Company’s Rate

Analysis Type Methad 2
Solar Tracking mode MPPT
Anglefslope 6.2
Manth Horizontal Daily Solar [ Tilted  Dally  Solar | Electricity Export Rate | Electricity Ewported to
Radiation (kWh/m*/day) | Radiation (kWh/m?/day) | (NGN/MWH) Grid (MWh)
January 5,68 5.94 24.30 0.164
February 5.74 5.90 24.30 0147
March 5.57 561 24.30 0,155
Agpril 5.25 5.19 24.30 0.140
May 4.04 4.82 24.30 0135
Jume 4,54 4,41 2430 120
luly 4.14 4,04 24.30 0.115
August 391 3186 24.30 0110
| September 4.19 4,19 24.30 0115
October 4.57 4.564 24.30 013
November 511 530 24,30 144
December 546 573 2430 0159
Annyal 4,592 4,96 24.30 1.634
Horlzontal MWh/m? 1.80
Tilted MWh/m? 1.81
[ Analyss Type Method 2
Solar Tu:lti"mudt MPPT
nge/sope 67
Maonth Horlzontal Dally Solar | Tilted Dally  Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (HGNMWH) Grid [MWh)
(lWh/m fday] (kiWh/m?/day)
Januaty 5,68 5.94 1100 0164
February 5.74 5.90 110.0 0.147
March 557 561 1100 0,155
Agpril 5.15 5.19 1100 0.140
May 4,94 4.8] 110.0 0.135
Juné 4,54 441 1100 0,120
July 4,14 404 1100 0.115
August 391 3.86 1100 0.110
September 4,19 4.19 1100 0.115
October 4.57 4.6 1100 013
November 511 5.30 1100 0,144
Decomber 2Ab 571 1100 0.159
Annual 4,53 4.96 1100 1.634
Horizontal Mh/m 1.80
Tited NWh/m? 181

Table 6-48 shows the current national electricity fuel rate is equal to GBP0.06 (N24.30) for
central grid-connected. The solar company’s electricity rate is GBP0.3 (N110). They both

generated the same amount in capacity. The cash flow for 25 years’ with N110 rate is equal

189



to GBP1, 246 (N504, 493), and it is GBP1, 237 (N500, 993) with N24.30 rate. The difference
between them is equal to GBP7 (N3, 500).

6.3.2.4 Rationale Evaluation

Case study 7 invested small capital for small installed capacity and consumed much less over
the generation. The yearly huge electricity generation amounted to waste due to less
consumption and this resulted in a small amount of return on investment with a longer
payback. The payback from consumption can take more than the PV life cycle whereas the
payback from quantity generated may take shorter period assuming no waste. This shows
that the amount invested with less return can take a longer period to payback. This state
government solar PV installed project specifically used for charging the battery for street
lightings in the two hostels during outages in the school premises. The essence of PV
installation mostly for electricity supply at night in the location. Table 6-49 presents a
sufficient amount of generation and less consumption for two hostels with modern access

services in the location.

Table 6-49: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE | YEARLY POWER | ELECTRICITY AMOUNT CAPITAL | PAYBACK
STUDY | CONSUMPTION RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kWh) (N) (N) (YEAR)
(kw) (kWh)

DORA 1 156 110 17,160 500,000 29

STELLA

HOSTELS

AWKA

GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD

CASE STUDY PV CAPACITY (kW) POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
7 1 2,880 156 29

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
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CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) | AVERAGE AMOUNT
REALIZED PER YEAR

(N/YR)

7 500,000 29 17,160

6.4 Nsukka Area Case Study 8

Nsukka is a town in southeast local government area situated in Enugu state of Nigeria with
1,377,001 populations based on the cultural zone (NIMET, 2008). National Centre for Energy
Research and Development (NCERD) is located at University of Nigeria (UNN), Nsukka in
Enugu state. It is one of the government solar pilot installation projects in 2007. The Enugu
geographic coordinates are latitude 6027’30.12 N (6.458366), longitude 7° 32’47 E (7.546389)
and Elevation of 151.91 metres (498.38 feet). The Nsukka coordinates are latitude 6.856667,
longitude 7.395833 and elevation 442.94 metres (1,388 feet), it has a tropical climate with
two seasons like any other state in Nigeria and much rainfall (Geiger, 2015). Figure 6-26

represents the location at the University of Nigeria in Nsukka with red circle line.
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Figure 6-26: Nsukka location in the University of Nigeria with red circle line.
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6.4.1 Weather Data

Nsukka average temperature is between 23% and 24.9% with about 1579 mm annual rainfall.
The most dried month is January with 10 mm rain and the average precipitation peak reaches
299 mm in September. The average yearly temperature and warmest month are 27.0 °C in
March and the coldest month is in August at 22.9 °C. The monthly average precipitation is
about 17 inches (439 mm) with 23 days of rain and drizzle throughout the month. The monthly
average weather condition is presented in Figure 6-27 (NIMET, 2008). Figure 6-28 represents

the rooftop location installation at NCERD in Nsukka.

Awka Weather Condition Awka Weather Condition
100% 450
90% 400
80%
70% 350
60% 300
50%
20% 250
30% 200
20% 150
10%
0% 100
S L R T 50
Jan FebMarAprMayJun Jul AugSeptOct NovDec 0 - -
c 0 — — c _— oY) - - Q
c 0o & 2 ® 5 2 3 2 L 0 9
= PRECIPITATION NORMAL S =<z 7 < 3§ ©° =zo
W COLDEST MM m0c ™ Oc (Min) = Oc (Max)
® TEMPERATURE WARMEST (Oc) mOF ® OF (Min) M OF (Max)

Figure 6-27: Nsukka Average Monthly Temperature and Precipitation.
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6.4.2 NCERD 3.2 Kilowatt PV Capacity

6.4.2.1 PV Installation

Figure 6-28: Nsukka NCERD location Rooftop installation (Source: Akor, 2016).

NCERD is a government organization office at UNN site and was established by the National
Assembly Act in 1980 with three other research centres but started full operation in 1982.
The Centre expanded its infrastructural and research facilities significantly to promote
research and development activities with 3.2 kW PV capacity installation in fulfillment of UN
summit mandate. It contains 20 module cells for 160 watts PV system. The installed solar
power system powered the entire administrative block of NCERD at UNN in Nsukka. Figure
6-29 presents the NCERD commission demonstration with technical specifications and other
components used for the electricity generation. Table 6-50 represents the model type of PV

system technical specifications used.

Figure 6-29: Solar Battery Installation Commission (Source: Akor, 2016).
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Table 6-50: Lorentz LA 160W-24S Mono-crystalline Solar PV System and the Technical

Specifications

Configuration

Application Off-grid

P\ Systerm Capacity Size (kwp) 3.2

Manufacturer Lorentz

Model LC160-12NM/LALG0-245

Rated Watt (W)

150

PV Type Used

Mono-crystalline

Number of Panels (units)

20

Area Covered (m?)

26.4

Annual Generation (kWwh)

5,216 or 8,064 (Average)

Mounted Method Fixed
MNumber of Batteries 1z
Battery Capacity (4h) 600 and 48 W
Battery Efficiency S0
Days of Autonomy 3
Inverter Capacity (kw) 3
Inverter Efficiency (%) S5
Charge controllers efficiency (%) S5
Depth of Discharge (3g) 80
Angle degree 15°%
Hours of sunshine 6-8
Daily hour use g

PV life span 25
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ELECTRICAL SPECIFICATIONS

Peak POWER (Pmax) 160 W
Power tolerance +10%,/-5%
Max Power current {Imp) 5.0 A

Max Power Voltage 32.3V
Short Circuit current (lsc) 5.5 4
DOpen Circuit Current (Voc) 35.9V
Efficiency of Cells 19.7%
Temperature Co-efficient for Pmax -0,38%"c
Temperature Co-efficient for Voc -60.8mV/ c
Temperature Co-efficient for Isc 3.5 mA/c
Max System Voltage 750V
CELLS DATA

MNumber of cells per module 20-60

Cell Technology

Monocrystalline

Cell Shape

Rectangular

PHYSICAL SPECIFICATIONS

Dimension

669 x 15356 % 35 mm

Weight 16.0kg
Connectors MC3
Electrical Performance I-W Curves

6.4.2.2 Cost Investment Breakdown

Table 6-51 indicates the financial breakdown of solar PV installation total cost with other
components including labour expenses used for the investment in the location. Table 6-52

shows consumption load appliances from generation supply to the administrative building.

Table 6-51: Business Model Cost Breakdown

PY  Installed | ltem CQuantity Unit Cost | Amount Total
capacity (kW) | Description (NGN): MN:K (NGN): M:K Investment
3.2 PW Panel 20 35,000 F00,000

Inverter 1 120,000 120,000

Battery 12 45,000 540,000

Charge 1 15,000 15,000

Controller

Accessories - 35,000 35,000

Battery & |- 16,000 16,000

panel hanger

Installation M A - -

Cost
Total MN1,426,000.00
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Table 6-52: Appliances for Study data Generation and Consumption

Appliance Quantity App. Mo. of Total Watt | Generation Variance % Utilized
Watt Hours Consumed in Watt per Between
Used per day Day Generation &

Consumption
(Excess)

Bulb 20 14 8 2240

Desktop 4 100 8 3200

Laptop 18 BD B 11520

Printer 5 J0 3 1050

Photo- 1 140 8 1120

copier

Fourier 1 150 B 1200

Infrared

Total 20330 25600 | 5270 | 753

The PV panels generated 25.6-kilowatt-hour/day or 9,216 kWh/year. The installed capacity

can meet all the full load capacity in the office with other equipment use from the output

power generated.
Table 6-53: Generation over Consumption
Case Total Watt | Total Watt | % of Excess
Study | Consumed/day | Generated/day | Generation % of Maximum | Utilized
watt
8 w W over %
(W) (W) consumable/day (%)
Consumption
NCERD | 20,330 25,600 179 100 79
TOTAL POWER (Watts)
1120, 5% 1200, 6% 2240, 11%
1050, 5%
“' 3200, 16%
11520, 57%
= Bulb Desktop Laptop Printer = Photocopier = Fourier Infrared

Figure 6-30: The Total Power in watts.
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Table 6-53 presents consumption and generation. This case consumes less than power
generated and is advisable to increase the number of appliances to maximize the power
generated. Figure 6-30 demonstrates the total amount of power consumed. Table 6-54

presents electricity generation from the simulation.

Table 6-54: Case Study 8 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 3.2

Annual O&M Cost (NGN) 352

Electricity Rate-Base Case (NGN/kWh) | 110.009

Total Electricity Cost (NGN) 4,416,852

Table 6-55: Proposed Grid-connected with the current National and Solar Company’s Rate

Analysis Type Method 2

Solar Tracking mode Fimecd

Angle/slope 15°

Maonth Horizontal Daily Solar | Tilved Daily Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGN/MWhH) Grid (MWh)
(RWh/m? fday) (KW fday)

lanuany 5.68 6.22 24.30 0.526

February 5.74 603 24.30 0,461

March 5.57 5.59 24.30 0.476

Ageril 5.25 5.04 24,30 0.417

May 4.94 4.58 24,30 0.393

June .54 3.16 24.30 0.347

July 4.14 3.84 24.30 0.335

August 3.91 3.73 24.30 0.326

September 4.19 4.13 24 .30 0.348

Oerober 4. 57 4,69 24.30 0,405

Movember 5.11 5.49 24.30 0455

December 5.46 &0 24.30 0.513

Aminvual 4.92 4,95 24, 30 5.003

Horirontsl [ MW T 1.80

Tilted | rvvingm® [ 181

Analysis Type Method 2

Solar Tracking mode Fimed

Angle/slope 15°

Maonth Horizontal Daily Solar | Tilved Draily Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGHNWR) Grid (MWh)
{kWh/mn?/day) [kWh/m? fday)

lanuary 5.68 6.22 110.0 0.526

February 5.74 5.03 110.0 04651

March 5.57 5.59 110.0 0.476

April 5.25 5.04 110.0 0.417

hay .94 4.58 110.0 0.393

June .54 4.16 110.0 0.347

Juily 4.14 3.84 110.0 0.335

August 3.91 3.73 110.0 0.326

September 4.19 4.13 110.0 0.348

Cctober 4.57 4.69 110.0 0.405

November 5.11 5.49 110.0 0455

December 5.46 5.04 110.0 0.513

Annual 4.92 4.95 110.0 5.003

Harizantal | mwhsmd | 1.80

Tiltesd [ v fen? [1.81

Table 6-55 shows the current national electricity fuel rate is equal to GBP0.06 (N24.30) for
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central grid-connected. The solar company’s electricity rate is equal to GBP0.3 (N110). Both
generated the same amount in capacity value. The 25 years’ cash flow for N110 rate is equal
to GBP3,555 (N1, 439,757),and itis GBP3, 528 (N1, 428,926) with N24.30 rate. The difference
between them is equal to GBP27 (N10, 831).

6.4.2.3 Rationale Evaluation

Case study 8 is reasonable with the amount invested based on a good return on investment,
which attracted a short payback period. It shows that a good return on investment with a
reasonable investment capital might result in a short payback period. The solar electricity
generation provided the energy centre block with modern access service, regular and reliable
uninterrupted light during office hours. Table 6-56 presents a sufficient amount of generation

with less consumption.

Table 6-56: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kWh) (N) (N) (YEAR)
(kw) (kwh)

NERCD 3.2 7,319 110 733,790 1,426,000 1.9

NSUKKA

GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD

CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)

8 3.2 9,216 7,319 1.9

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD

CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) | AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)

8 1,426,000 1.9 733,790
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6.5 Lagos Area Case Studies

Lagos state is a sprawl inland in south-western coast of Nigeria from Gulf of Guinea across
Lagoon. This is formally Nigeria’s Capital before re-location to FCT as one of the biggest cities
of the federation and one of the largest urban areas in the world. This area has four case

studies including Surulere location. Figure 6-31 presents the Lagos state Mainland area.
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Figure 6-31: Surulere Location in Lagos state (Source: Udeze, 2016).

6.5.1 Lagos Weather Condition

This environment is characterized as coastal wetlands with sandy barrier islands, beaches,
low-lying tidal flats, and estuaries. It is hot and wet tropical climate similar to the rest in

southern Nigeria (e.g. Port/Harcourt, Benin, and Asaba). The dry/savannah climate comes in
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low sun months with the pronounced dry season and high sun months in the rainy season
(Geiger, 2015). The Lagos state geographical coordinates are latitude 6.5244° N and longitude
3.3792° E. The metropolis at latitude 6.6080° N, the longitude at 3.6218° E and Elevation at
39-41 metres (128-135 feet). The average temperature in January is 27 °C (79°F) and July at
25°C (77°F) (Engelbrecht and Engelbrecht, 2016). The weather condition with an average
annual rainfall is 1532 mm (Peril, 1991; Abiodun, 1997 and Aina, 1994).

The hottest months are February and March with a mean temperature at 29°C (84°F). The
warmest month in May, the coldest in July and August, the wettest in June and the driest
month in January that are within the state average. The highest average temperature is in
March is around 28.6% and the lowest average temperature in August around 25.2°%

(Gagneroc, 2016). Figure 6-32 presents the yearly Lagos state statistical weather conditions.

Lagos, Nigeria Climate Graph (Altitude: 39 m)
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Lagos Weather Condition
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Figure 6-32: Monthly Average precipitation, temperature and Sun hours over the year

(Source: Gagneroc, 2016).

6.5.2 Case Study 9: Surulere 4 Kilowatt PV Capacity

Surulere known for a traditional hand-made textile business by the indigenes of the state is
one of the local government areas in Lagos state. This residential location due to unstable
power supply needed solar PV installation. The company installed four KWp off-grid PV
system with 16 PV panels that generated around 7,884 kWh on the residential household
rooftop. The other components used include 7.5 KVA (6 kW) inverter, 10 x 200 Ah Gel
batteries. The charge controller regulates power generated to prevent over/under charging

of the batteries. Figure 6-33 represents the household rooftop application in Lagos state.
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Table 6-57 presents the PV model technical specifications and other components used for the

electricity generation.

6.5.2.1 PV Installation

Figure 6-33: Household rooftop Application in Lagos.
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Table 6-57: Yingli Solar 250 W Polycrystalline PV System and the Technical Specifications

Location

Lagos

Application

Off-grid or Stand-alone

PV System Capacity Size

a4 KWp

Manufacturer

Yingl Solar

Each Rated PV Watt

250 W

Pv Type Used

l-!'uly—crystnllino

Number of Panels

16

Generation Expectation

Z.ana kwh annually

rMounted Method Fixed
Latitude 6% 35 N,
Longitude 320 E

Elevation

39 metres (129 feet),

Gel Batteries

10 x 200 Ak

Inverter 7.5 kKVA = 6 kKW (I.e, 7,5 x 0.8 power factor
due to fluctuations)

PV life span 25

ELECTRICAL CHARACTERISTICS

Maximum Power Voltage (Vmpp) 30.40 Volts

Maximum Power current (Impp) 8.24 Amps

Cpen Clrouit Voltage (Voo) 38.40 Vaolts

Short Circuit Current {lsc) B.79 Amps

Maximum System Voltage GO0.00 Volts

Module Watts 5TC 250 Watts

Module Watts PTC 226,20 Watts

Maodule Cfficiency 15.30 %

Series Fuse rating 15 Amps

MECHANICAL DATA & COMPOMNENTS

Maodule Technology Poly

Coells par Module G0

rodule Frame Material White

Module Connectar Amphenal

Maodule Output Cables P Wire
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This case with existing energy problem of the low generation led to power outages from weak
transformer use due to overload in the urban areas that connected to the national grid. The
household with this experience installed a solar system to replace use of a generator set for
asolar stable power supply that reduced dependence on grid supply to the building. However,
most households pay N110 rate on each unit of electricity generated from the installed PV
capacity and the panels on each day generate adequately to run the home appliances in the

Lagos locations.

6.5.2.2 Cost Investment Breakdown

Table 6-58 indicates the financial breakdown of the total cost of solar PV installation with all
components including labour expenses for the investment in the location. Table 6-59 shows

the appliances load consumption from generation supply to the building.

Table 6-58: Business Model Cost Breakdown

S/N | ITEM DESCRIPTION aTy UNIT COST (MN:K) AMOUNT [M:K)
1 Module 250 W, 24V 16 110,000 1,760,000
2 Deep-Cycle Batteries 2004h, 12 | 9 96,000 264,000
v

3 Charge Controller 2 65,000 130,000
4 Inverter 4.5 KVA 1 180,000 180,000

5 Supporting Structure - 210,000 210,000
il Accessories Cost - 100,000 100,000

7 Transport - 130,000 120,000
a8 Labour - 110,000 110,000
Total 3,484,000
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Table 6-59: Appliances for Study data Generation and Consumption

Appliance Quantity | App. Mo. of Total Watt Generation | Variance %
Watt Hours Consumed/day in Watt/day | Between Utilized
Used Generation
and
Consumption
Bulb -] 24 12 1728
Fan 3 100 12 3600
™ 2 150 12 3600
Total 8928 22000 | 13072 | 41%

The installed PV panels generated 22-kilowatt-hour per day and annually 7,920 kWh. The

solar PV installed capacity can meet the full load capacity in the house building.

Table 6-60: Generation over Consumption

Total Watt | Total Watt | % of Excess
Case
Study 9 Consumed/day | Generated/day | Generation % of Maximum | Utilized
watt
W W %
(W) (W) over consumable/day (%)
Consumption
8,928 22,000 141 100 41
Surulere
TOTAL POWER (Watts)
20% Bulbs
40%
Fan
40% v

Figure 6-34: The total power in watts.
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Table 6-60 shows the consumption and generation. This case consumes less than power
generated and is advisable to increase the number of appliances to maximize the generated
power output. Figure 6-34 demonstrates the total amount of power consumed with installed

capacity plotted in the pie chart. Table 6-61 presents the electricity generated.

Table 6-61: Case Study 9 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 4

Annual O&M Cost (NGN) 440

Electricity Rate-Base Case (NGN/kWh) 110.011

Total Electricity Cost (NGN) 4,416,940

Table 6-62: Proposed Grid-connected with the current National and Solar Company’s Rate

Analysis Type Method 2

Solar Tracking mode MPPT

Angle/fslope 15°% ¢

Month Horizontal Daily Solar | Tilted Daily Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [NGM/MIWhR) Grid (hMWh)
(kWh/m/day) [KWh/m?/day)

January 5.28 5.75 24.30 0636

Februarny 5.49 5.76 24.30 0.574

harch 5.46 5.48 24.30 0.607

April 5.21 5.00 24.30 0.538

hay 4.76 4.42 24.30 0.494

June 4.04 3.73 24 30 0.407

Jushy 3.95 3.68 24 30 0.417

August 3.08 3.80 2430 0.432

September 4.09 4.03 24.30 0442

Detaber 4.55 4.67 24.30 0.524

MNovember 4.95 S.31 24.30 D.572

December 5.17 5.69 24.30 0.630

Annual 4.74 4.77 24.30 B6.275

Horizontal | BWh/m® | 1.73

Tilted [ Mwhy/m?® [1.74

Analysis Type Method 2

Solar Tracking mode MPPT

Angle/slope 15% ¢

Month Horizontal Daily Solar | Tilted Draily Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation [MNGNMWh) Grid (MWh)
{kWh/m2/day] {kWh/m2/day)

lanuary 5.28 5.75 11000 0636

Februany 5.49 5.76 11000 0.574

March 546 5.48 1100 0.607

April 521 5.00 11000 0.538

May 4.76 4.42 1100 0,494

Jume 4.04 3.73 110.0 0. 407

July 3.95 3.68 11000 0,417

August 3.98 3.80 1100 0432

September 4.09 4.03 11000 0442

October 4.55 4.67 1100 0.524

November 4.95 5.31 110,00 0.572

December 5.17 5.69 110.0 0.630

Annual 4.74 4.77 1100 5.275

Horizontal [ mwhim? [1.73

Tilted [ mwhsm*® [1.7a
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Table 6-62 shows the current national electricity fuel rate is equal to GBP0.06 (N24.30) for
central grid-connected. The solar company’s electricity rate is equal to GBP0.3 (N110) and
both rates generated the same amount in capacity value. The 25 years’ cash flow at N110 rate
is equal to GBPS8, 645 (N3, 501,257) and at N24.30 rate is GBP8, 612 (N3, 487,813). The
difference between them is equal to GBP33 (N13, 445).

6.5.2.3 Rationale Evaluation

Case study 9 shows long payback due to the return on investment from the high amount
invested. This household’s location has modern access services from the PV generation

supply. Table 6-63 presents the consumption and generation.

Table 6-63: Generation Consumption, and Payback Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY (N/kwh) (N) (N) (YEAR)
(kw) (kwh)

SURULERE | 4 3,214 110 179,340 3,484,000 13.9

RESIDENTIAL

LAGOS

GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD

CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)

9 4 9,216 3,214 13.9

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD

CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) | AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)

9 3,484,000 13.9 179,340

207



6.5.3 Case Study 10: lju Senior Secondary Location

This case is located in local government areas in Lagos state with local businesses and highly
populated with low-income earners. Figure 6-35 presents the lju location with red arrow

indication.
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Figure 6-35: Map of lju location in Lagos state with red arrow.

6.5.3.1 lju 13 Kilowatt PV Capacity Installation

This is 13 KWp solar PV system installed at lju Senior Secondary School to ensure the school
has enabling environment for learning and state development. This off-grid PV ground-
mounted application includes 100 panels Suntech of 130 watts, pure sine wave inverters,
maximum power point tracking charge controllers and 42 deep-cycle batteries bank
(Greenicles, 2016). The design allows flexibility based on the angular orientation to help not
to lose some percentage of production output (Okanlawon, 2016). Figure 6-36 presents the
off-grid ground-mounted PV application in the location. Table 6-64 presents PV model

technical specifications and other components used for electricity generation.
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Figure 6-36: The off-grid ground-mounted application at lju-Agege.

Table 6-64: Suntech STP 130 W Polycrystalline PV System and the Technical Specifications

Location lju- Lagos
Application Ground-Mounted
PW System Capacity Size 13 KW
Manufacturer Suntech

Model S5TP130-12/Th
Each Rated PV Watt 130w

PW Type Used Poly-crystalline
Number of Panels 100
Generation Expectation Annually 35,040 kKWh
Mounted Method MPPT

Number of Deep-cycle Batteries 42

Inverter NS A

P life span 25
Commencement Date 2014
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ELECTRICAL CHARACTERISTICS

Cell Multicrystalline silicon solar cells 156 mm x 156
mm

Mo of cells and connections 36 (4 x9)

Open-circuit voltage (Voc) 22V

Optimum Operating Voltage (WVmp) 17V

Short Circuit Current (Isc) 2.09 A

Optimum Operating Current (Impg) 7.47 A

Maximum Power at STC (Pmax) 130 Wp

Operating Temperature

-40°: to + 85°%

Maximum System Voltage

1000V DC

Module Efficiency

13%

MECHANICAL CHARACTERISTICS

Dimensions

1482 x 676 x 35 mm

Weight 12 kg
TEMPERATURE COEFFICIENTS
NOCT 45°C + 2°C

Short circuit current temperature coefficient

(0.055 + 0.01) %6/K

Open circuit voltage temperature coefficient

-(75 = 10) %/K

Peak power temperature coefficient

-(0.47 = 0.05) %/k

Power Tolerance +5%

Qutput

Cable LAPP (4.0 mm?)

Lengths 750 mm (-} and 750 mm (+)

Connection

MC Plug Type IV

This ground-mounted installation solar power system is contributing to zero-carbon by the
available solar radiation in the school location. The solar electricity generation is helping to
run the school appliances by powering fan/A/C to reduce heat gain inside the classroom. It
provides natural air ventilation into the classroom and making the office block
environmentally friendly. The application helps to provide more electricity generation than
from the national grid associated with a weak transformer and unstable power supply in the

country states.
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6.5.3.2 Cost Investment Breakdown

Table 6-65 indicates the financial breakdown for solar PV installation total cost including
labour expenses use in the investment. Table 6-66 presents the load consumption appliances

used from generation supply to the office and classroom blocks.

Table 6-65: Business Model Cost Breakdown

s/M ITEM DESCRIPTIOMN aTy UNIT COST (MN:K) AMOUNT (MN:K)
1 Module 120 W 100 100,000 10,000,000

2 Deep-Cycle Batteries 42 85,000 32,570,000

3 Charge Controller 2 60,000 120,000

4 Inverter 36 KVA 2 250,000 FO0,000

5 Supporting Structure - 400,000 400,000

[+ Accessories Cost - 100,000 100,000

i Transport - 150,000 150,000

21 Labour - 100,000 100,000

Total 15,140,000

Table 6-66: Appliances for Study data Generation and Consumption

Appliance Quantity App. Mo. of Total Watt Generation Wariance %
Watt Hours Consumed in Watt per Between Utilized
Used per Day Day Generation &
Consumption

Classroom 10 15 g 1200

bulb

Library bull 10 15 8 1200

Laboratory 10 15 8 1200

bulb

Computer 10 15 B 1200

room bulb

Computer 5 125 B 5000

Administrative | 10 15 B 1200

Office bulb

Security bulb 10 20 12 2400

Fridge 5 100 g 4000

Fan 15 70 B B400

™ 3 B0 B 1520

Total 27720 97333 | 69613 | 28%

The installed PV panels generated 97.3-kilowatt-hour per day or 35,040 kWh/year. The

installed solar PV capacity can meet all the full load capacity within the school blocks.
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Table 6-67: Generation over Consumption

Case Total Watt | Total Watt | % of Excess
Study 10 | Consumed/day | Generated/day | Generation % for Maximum | Utilized
(W) (W) over Watt (%)

Consumable/day
Consumption

lju Senior | 27,720 97,333 128 100 28
Secondary
TOTAL POWER (Watts)
1,200 4 509
1,200

1,200

~

= Classroom Bulbs = Library bulbs Laboratory bulbs

Computer rooms bulbs = Computer = Administrative Offices bulbs
= Security bulbs = Fridge = Fan
=TV

Figure 6-37: The total power in watts.

Table 6-67 shows consumption and generation. It is advisable in this case study, to increase
the number of appliances to maximize the power generated. Figure 6-37 demonstrates the
total amount of power consumed plotted in the pie chart. Table 6-68 presents the electricity

generated.
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Table 6-68: Case Study 10 Off-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 13

Annual O&M Cost (NGN) 1430
Electricity Rate-Base Case (NGN/kWh) 110.036

Total Electricity Cost (NGN) 4,417,930

Table 6-69: Proposed Grid-connected with the current National and Solar Company’s Rate

Analysis Type Method 2
Solar Tracking mode RPPET
Angle/slope 150 ¢
ronth Horizontal Dally Solar | Tited Dally Solar | Electricity Export Rate | Electriclty Exported to
Radiation Radiation (NGMN/RAWHR) Grid (MWh)
{ kWi fday) {kwWh/mdfday)
January 5.28 5.75 24.30 2.068
Fabruary 5.49 5.76 24,30 1.B67
March 5.46 5.48 24.30 1.973
April 5.21 5.00 24.30 1.750
May 4.76 4.42 24,30 1.604
June 4.04 3.73 24.20 1.324
July 3.95 3.68 24.30 1.355
Aupust 3.98 3.80 24,30 1.403
September 4.09 4.03 24.30 1.438
October 4.55 4.67 24.30 1.704
Novermber 4,95 S5.31 24,30 1.859
December 5.17 5.69 24.30 2.0:49
Annual 4.74 4.77 24.30 20.394
Haorizontal [ mwhysm? [1.73
Tilted | mwhsm? [1.7a
Analysls 'l‘rpq Method 2
Solar Tracking mode MPPT
Angle/ilope 15%¢
Manth Haorizontal Dailly Solar | Tilted Drally Solar | Electricity Export Rate | Electricity Exported to
Radiation (kWh/m?/day) | Radiation (kWh/mi/day) | (NGN/MWh) Grid [MWh]
lanuary 5.28 5.75 110.0 2.068
Fabruary 5.49 5.76 110.0 1.B67
March 546 5.48 110.0 1.973
April 5.21 5.00 110.0 1.750
May 4.76 4.42 110.0 1.604
June 4.04 3.73 110.00 1.324
July 3.95 3.68 110.0 1.355
Auguit 3.98 3.BD 110.0 1.403
September 4.09 4.03 110.0 1.438
October 4.55 4.67 110.0 1.704
Novamber 4.95 5.31 110.0 1.859
December 517 5.69 110.0 2.049
Annual 4.74 4.77 110.0 20.394
Horirontal | Mwh/m® |1.73
Tilted | MWh/m? | 1.7a

Table 6-69 shows the current national electricity fuel rate is equal to GBP0.06 (N24.30) for
the central grid-connected. The solar company’s electricity rate is equal to GBP0.3 (N110) that

also generated the same amount of capacity value. The cash flow for 25 years using N110 rate
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is equal to GBP37, 526 (N15, 198,084) and at N24.30 rate, it is equal to GBP37, 413 (N15,
152,389). The difference between them is GBP113 (N45, 695).

6.5.3.3 Rationale Evaluation

Case study 10 shows long payback due to the return on investment from the high amount
invested. This provided a sufficient amount of generation with less consumption within
twenty-four years (24) payback. The school people are enjoying modern access services from
solar electricity supply. The classroom teachers with the schoolchildren have reliable and
constant electricity to teach and learn. This presently contributes to the school financial
savings rather than spending more money on fuel-powered generators due to the problem of

unstable grid supply. Table 6-70 represents the amount of generation, consumption and the

payback.
Table 6-70: Generation Consumption, and Payback Computation
INVESTMENT POTENTIAL COMPUTATION

LOCATION CASE YEARLY POWER | ELECTRICITY | AMOUNT CAPITAL PAYBACK

STUDY CONSUMPTION | RATE YEARLY/SAVING | INVESTMENT | PERIOD

CAPACITY (N/kWh) (N) (N) (YEAR)

(kw) (kWh)
Ju 13 9,979 110 340,690 15,140,000 24
SECONDARY
SCHOOL
LAGOS

GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW) POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)

10 13 35,040 9,979 24

AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) PAYBACK PERIOD (YEARS) AVERAGE AMOUNT

REALIZED PER YEAR
(N/YR)

10 15,140,000 24 340,690
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6.5.4 Case Study 11: Lekki Metromart Commercial location

This is a rich beautified city of Lagos state where majority dwellers are high-class income
earners. Figure 6-38 presents the location map with blue arrow indication. Figure 6-39

presents solar PV system capacity installation in the location.

KORGDY

Letﬂ'

IBEJU LEKKI
g

Figure 6-38: Lekki Location in Lagos State of Nigeria with blue arrow indication (Source:

Google, 2016).

6.5.4.1 Lekki 16.3 Kilowatt PV Capacity Installation

The solar PV system with rooftop installation is for multi-purpose megastore in Lekki location
with 64 Canadian solar panels of 255 rated watts, 2 x 10 KVA inverters, 30 x 200 Ah Gel
batteries and 2 x 180 V charge controllers generated annually 71,552 kWh. Table 6-71
presents the PV system technical specifications that include other components for the

electricity capacity generation.
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Figure 6-39: Lekki Off-grid commercial Application.

Table 6-71: Canadian Solar 255 W Polycrystalline PV System and the Technical Specifications

Location

Lekki- Lagos

Application

Off-grid roof-top

PV Systemn Capacity Size

16.3 kKWp

Manufacturer

Canadian solar

Model

C56P-255P BLK

Each Rated PV Watt

255 W

PV Type Used

Poly-crystalline

Mumber of Panels 64
Generation Expectation Annually 71,552 kwh
Mounted Method Fixed
Mumber of Gel Batteries 30 x 200 Ah

Inverter 2x 10 KvA =16 kw
Charge controller 2x 180V
P\ Life-span 25
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ELECTRICAL CHARACTERISTICS

Configuration Robust frame up to 5400Pa, anti-reflective with
self-cleaning surface and outstanding
performance at low irradiance.

Watts [(STC) 255 W

Watts (PTC) 185 W

Max Power Voltage (Wmpp) 30.2 W

Max Power Current (Impp) 2.43 A

Open Circuit Voltage (Voc) 37.4W

Short Circuit Current (Isc) S.00 A

Max System Voltage DC 500 W

Solar Module Cells 60

Module Efficiency 15.54%

MECHNICAL CHARACTERISTICS

PV Type

Polycrystalline

Dimensions

54.5" x 38.7"" x 1.57"

Weight 41.9 lbs

Frame Black

Connector MC4 or MC4 Comparable
NOCT High energy yield at low NOCT
Power Tolerance O-+5WW

Power Output Warranty Period of for Years 0%

Power Output Warranty Period for 10 Years S0%%

Workmanship Warranty Period 10 ¥ears

This case study is designed for multi-purpose megastore due to a problem with generator sets
use, costs of generating the electricity in terms of diesel/fuel buying and the maintenance.
The generating sets are a common case scenario used by Nigerians residential and
commercial to compensate inadequate power supply from the national grid. However, the
installed solar power system is a solution to meet the electricity demand and reduce the
escalating costs of purchasing diesel to power the megastore. The PV system generates
71,552 kWh/year electricity and the monthly power generating has reduced the fuel costs by
80 percent with the uninterrupted power supply to the premises. Moreover, the solar

installation is able to meet the electricity demand in the mall.
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6.5.4.2 Cost Investment Breakdown

Table 6-72 shows the financial breakdown for solar PV installation total cost with other
components including labour expenses used for the investment in the location. Table 6-73

presents the amount of cost of electricity generated from the simulation.

Table 6-72: Business Model Cost Breakdown

5/™M ITEM DESCRIPTION aTy UMNIT COST (MN:K) AMNMOUMNT (M:K)
1 Module 120 W 54 100,000 5,200,000

2 Deep-Cycle Batteries 30 85,000 2,550,000

3 Charge Controller 2 60,000 120,000

4 Inverter 10 KWaA 2 350,000 FO00,000

5 Supporting Structure - 400,000 400,000

=] Accessories Cost - 100,000 100,000

7 Transport - 150,000 150,000

a8 Labour - 100,000 100,000

Total 10,520,000

Table 6-73: Case Study 11 OFF-grid Base Case Simulation

Grid type Off-grid
Technology Grid Electricity
Fuel Rate (NGN) 110.00
Capacity (NGN/kWh) 16.3

Annual O&M Cost (NGN) 1,793
Electricity Rate-Base Case (NGN/kWh) | 110.045

Total Electricity Cost (NGN) 4,418,293
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Table 6-74: Proposed Grid-connected with the current National and Solar Company’s Rate

Analysis Type Method 2

Solar Tracking mode MPPT

Angle/slope 150 ¢

Month Horizontal Daily Solar | Tiited  Dally  Solar | Electricity Export Rate | Electriclty Exported to
Radiation Radiation [NGN/MWhH] Grid [MWh)
{kWh/m?/day) {kWh/m?/day)

January 5.28 5.75 24.30 2.593

February 5.49 5.76 24.30 2.341

March 5.46 5.48 24.30 2474

April 5.21 5.00 24.30 2.194

May 4.76 4.42 24.30 2.011

June 4.04 3.73 24.30 1.660

July 3.95 3.68 24.30 1.700

| August 3.98 3.80 24,30 1.759

September 4.09 4,03 24.30 1.803

October 4.55 4.67 24.30 2.137

November 4.95 5.31 24.30 2.331

December 5.17 5.69 24,30 2.569

Annual 4.74 4.77 24,30 25.571

Horlzontal AW/ m? 1.73

Tilted MWh/m? 1.74

Analysis Type Method 2

Solar Trach:ln' made MPPT

Angle/slope 15%¢c

Month Horizontal Daily Solar | Tilted Daily Solar | Electricity Export Rate | Electricity Exported to
Radiation Radiation (NGH/MWhH]) Grid (MWh])
(kWh/m?fday) (kWhy/m?/day)

January 5.28 5.75 110.0 2.593

February 5.49 5.76 110.0 2.341

March 5.46 5.48 110.0 2.474

April 5.21 5.00 110.0 2.194

May 4.76 4.42 110.0 2.011

Jure 4.04 3.73 110.0 1.660

July 3.95 3.68 110.0 1.700

| August 3.98 3.80 110.0 1.759

September 4.09 4.03 110.0 1.B03

October 4.55 4.67 110.0 2.137

November 4.95 5.31 110.0 2.331

December 5.17 5.69 110.0 2.569

Annual 4.74 4.77 110.0 25.571

Horlzontal MW hm? 1.73

Tilted MW h/m? 1.74

Table 6-74 shows the current national electricity fuel rate is equal to GBP0.06 (N24.30) for
proposed central grid-connection. The solar company’s electricity rate is equal to GBP0.3
(N110). They both generated the same amount of capacity value. The cash flow for 25 years
using N110 rate is equal to GBP26, 149 (N10, 590,321) and at N24.30, it is equal to GBP26,
014 (N10, 535,535). The difference between them equal to GBP135 (N54, 786).
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6.5.4.3 Rationale Evaluation

Case study 11 is for the shopping mall energy analysis, the electricity consumption is larger
than the generated electricity of the PV system, so all the generated electricity of the PV
system is assumed to be consumed in this case. This power system is helping to meet the
energy need of shop owners in the mall with modern access service in the location. Table 6-75

presents the generation computation.

Table 6-75: Generation Computation

INVESTMENT POTENTIAL COMPUTATION

LOCATION | CASE YEARLY ELECTRICITY | AMOUNT CAPITAL PAYBACK
STUDY POWER RATE YEARLY/SAVING | INVESTMENT | PERIOD
CAPACITY | GENERATION | (N/kWh) (N) (N) (YEAR)
(kw)
(kWh)
LEKKI 16.3 71,552 110 7,870,720 10,520,000 | 1.4
MEGASTORE
LAGOS
GENERATION OUTPUT CONSUMPTION AND PAYBACK PERIOD
CASE STUDY PV CAPACITY (kW) | POWER POWER PAYBACK
GENERATION CONSUMPTION PERIOD
YEARLY (kWh) YEARLY (kWh) (YEAR)
11 16.3 71,552 71,552 1.4
AVERAGE RETURN ON INVESTMENT PER YEAR USING PAYBACK PERIOD
CASE STUDY AMOUNT INVESTED (N) | PAYBACK PERIOD (YEARS) AVERAGE AMOUNT
REALIZED PER YEAR
(N/YR)
11 10,520,000 1.4 7,870,720
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6.6 Case Study’s Results

The cases investigated were used to understand the existing off-grid solar PV system
performance in various locations of the country. The purpose of the case study for people’s
opinion about the implementation and application of solar energy due to the identified gaps
in Nigeria. This cases are about electricity supply to various household using a PV system for

power consumption with analysis of the payback period.

The findings revealed that the Bank of Industry (BOI) is the only financial institution with the
responsibility for accessing RE development loan across the country under Central Bank of
Nigeria (CBN) mandate. The off-grid deployment has started to grow even without the
implementation of solar energy and subsidy. The average installation per year has increased
significantly because energy consumption is needed for Nigerian economic activity and
growth across the country. This study found that the role of finance is very significant to
minimize the financial gap for rural and urban electrification in the country. The results show
that PV system installation is a boost to the local economy with establishment of solar

industries in the country.

The cases are used to identify the amount of electricity generated in meeting consumption
due to anincrease in energy demand and this could be the best option for cost and emission
reductions. Table 6-76 and Table 6-77 present the results for large installed PV system and
small domestic application capacities. Table 6-78 presents the breakdown Analysis based on

Payback Period for the generation and consumption

Table 6-76: Analysis between 33kW and 3.2kW Capacity for Domestic Installed PV system

Factors Estate Apartment Individual Apartment
PV capacity 33 kW 3.2 kW

Number of panels 140 16

Total cost N14,828,000 N1,348,000
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Installation cost per | N1,348,000 (i.e. (N14,828,000/11) N674,000

apartment

(N1,348,000/2)
Power output 72,576 kWh 9,677 kWh
Yearly consumption from | 66,799 kWh 6,445 kWh

each apartment

Number of apartments | 11 2

serviceable

Table 6-77: Analysis Breakdown of Estate and Individual off-grid PV System Apartment

N/S Parameter Estate Apartment Individual Apartment
A Initial Investment Capital N14,828,000 N1,348,000
B Yearly power output | 66,799 kWh 6,445 kWh

consumption

C Number of apartment | 11 2
serviceable
D Yearly electricity consumption | 6,072.6 kWh 3,222.5 kWh
per apartment
(66,799/11) (6,445/2)
E Electricity rate (unit cost) N110/kWh N110/kWh
F Yearly consumption rate 6,072.6363 X 110 =13,222.5x110=
(N667,990/12) = 55,665.8333
(N354,475/12) =
29,539.5833
G Monthly bill per apartment N55,666 N29,540
H The electricity consumption N557/kWh (N55,666/110) N269/kWh

(N29,540/110)

Annum total amount N7,347,912 (55,666 x 11 x 12) | N708,960 (29,540 x 2 x 12)
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J Payback period based on
interest rate (%)

2.2 years 2 years

Table 6-76 and Table 6-77 show estate apartment with high investment capital from the
installed capacity, which realized a huge income/savings yearly. An individual apartment with
small investment capital from the small installed capacity realized returns as well. The PV
system good performance by self-financing resulted in short payback in the location. The
estate capacity with polycrystalline PV Panel generated more and consume more than the
individual with a small monocrystalline PV panel installed capacity. The different in generation
output may be due to the system size, the number of module cells and efficiency. For
example, the estate apartments with 33 kW installed capacity used 240W of 140 panels for 6
hours’ average (240 x 140 x 6) to generate 201,600 kWh/day. The power generated per year
equal to 72,576 kWh (201,600 x 30 x 12 = 72,576,000/1000). The individual 3.2 kW installed
capacity used 210W of 16 panels for 8 hours generated 26,880 kWh/day. The power
generated per year equal to 9,677 kWh (26,880 x 30 x 12 = 9676800/1000) based on solar

availability in each of the locations.

Table 6-78: Apartment Analysis breakdown based on Payback Period

Parameter

Estate Apartment

Individual Apartment

Total cost

N14,828,000

N1,348,000

Yearly Payment

N1,980,000.00

N360,000.00

Monthly bill per | N55,666 N29,540
apartment

Payback period 2.2 Years 2 Years
Life span of PV system 25 years 25 years
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Table 6-78 represents the estate apartment and individual apartment with different monthly
bills. The estate apartment in the above analysis resulted in short payback (2.2) years and
individual apartment relatively payback in (2) years based on the amount invested. This pay
better for the company and the consumer which shows that the two projects are less risky
and realistic with short payback periods because a short payback can be less risky to a long

payback based on generation and consumption.

Table 6-79: Short/Medium and Long-term Investment

Investor | PV Amount Generated | Consumed | No of | Payback
Capacity | Invested (kWh) (kWh) Apartment | Period
(kW) (N) (Year (S)

Estate 33 14,828,000 | 72,576 66,799 11 2.2

Individual | 3.2 1,348,000 | 9,677 6,445 2 2

This study agrees with the previous research that government incentives are required to
reduce short-term costs for long-term benefits to support PV investment and boost solar
energy deployment as well as makes solar PV project relatively cost-effective in Nigeria (DOE,
2010: IEA-PVPS, 2007). For example, government financial support for PV pilot project
demonstration expanded the deployment of the system in Nigeria because the populations
are in need of electricity and the price of solar systems installation may decrease at long-term.
In addition, most Nigerians are low-income earners such as the rural poor that lack capital for

investment.

Table 6-79 shows the generation and consumption due to payback period in utilizing solar
energy potential with PV systems in Nigeria. The two projects apart from having different PV
installed capacities are a viable investment because they both benefited potentially and

financially with the short paybacks. This proved the result analysis outlined in chapter 5 under
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question 31 that “citizens will benefit more from the use of solar energy both for individuals

and businesses in Nigeria.”

Table 6-80: Useful Electricity and Electricity Wasted

CASES GENERATION( kWh) CONSUMPTION USEFUL ELECTRICITY | ELECTRICITY
(kWh) (%) WASTED (%)

1 72,576 66,799 92 8

2 16,243 5,530 34 66

3 9,677 6,445 67 33

4 14,076 7,359 52 48

5 12,420 7,359 59 41

6 648 467 72 28

7 2,880 156 54 46

8 9,216 7,319 79 21

9 7,884 3,214 41 59

10 35,040 9,979 28 72

11 71,552 71,552 100 0

The above analysis in Table 6-80 show that not all generated were consumed which resulted
to waste in this study. For example, case study 2, 7, 9 and 10 with a longer payback period
could be as a result of high investment capital. The huge waste apart from the returns/savings
realized based on the following percentages (66%, 46%, 59%, and 72%). The short payback
from self-financing shows less waste while case study 2, 7, 9 and 10 with long paybacks show

a huge waste of electricity which are mainly the government pilot projects.

For this cases, generation over-consumption means excess generations that was wasted due
to no grid-connected system yet in the country. Case study 2, 9 and 10 show a longer payback
period due to too much electricity wasted when compared with others. Case study 7 with a
much longer payback period (29) which is over the assumed life-cycle of the project with less

consumption from the capacity generated. In this study, the PV generators could afford the
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cash purchase of the system for the well-designed solar system that generated adequately

and realized enough savings/returns whereas case study 1, 3, 8 realized in a few years.

The cases are for non-profit solar customers such as individual’s residence, school and
government office block that solar company’s designed for their benefits means Apart from
the government pilot projects for public benefit in the installed locations, the savings can be
shared between the consumers and the company. For example, case study 1 and 6 are solar
company installation based on PAYG for non-profit customers allowing them to share in the

savings.

The case studies from self-financing through savings were not a loan by borrowing for solar
projects. However, cash is a key driver for finance choice, which attracted short, medium and
long-term payback depending on the amount of capital invested for the installations in
Nigeria. The cost of PV systems for case study 1, 2, 4,5, 9, 10 and 11 happened to be higher
than case study 3, 6, 7 and 8, which involved individuals, company’s financing options and the
government with pilot projects. Case study 1, 3, 4, 5, 6 and 8 with short-medium term payback
whereas case study 2, 7, 9 and 10 with long-term investment payback, and they both realized
good returns from the amount invested. The government equity generated both short and
long-term and this applicable to case study 2, 7, 8, 9 and 10 depending on the purpose of use

from the amount of capital invested.

Table 6-81: Comparison between UK and Nigeria Payback based on Generation

UK (GBP)
Capacity (kW) Yearly Power | Invested Capital/ | Total Annual | Payback (Year)
Generation (kWh) Investment  Cost | Earning (£)
(£)
1.08 918 £2,250 132 17
2.16 1,836 £3,500 264 13
2.88 2,448 £5,000 352 14
3.96 3,366 £7,000 483 15
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Nigeria (NGN)

1 2,880 N500,000 (£1,235) | N316,800 (£982) 1.57

2.16 14,076 N3,365,000 N1,548,360 2.35
(£8,309) (£3,823)

3.2 9,216 N1,426,000 N1,013,760 1.49
(£3,521) (£2,503)

4 7,884 N3,484,000 N867,240 (£2,141) | 4.59
(£8,602)

Table 6-81 analysed the generation between UK and Nigeria based on yearly power
generation. The UK FIT tariffs is 14.4p/kWh based on total annual earnings (return on
investments) for the grid-connection while Nigeria solar rate which is assumed if it is grid-

connected to be N110 (£0.27).

The UK Feed-in tariff (FIT) rate for solar PV between 2010 and 2012 was 43.3p/kWh. Presently,
FIT rate with average electricity price is 14.4p/kWh as indicated in Table 6-81. The UK
government implemented renewable development with FIT rate for grants and borrowing. In
comparing Nigeria solar rate equivalent to (£0.27) is higher than UK rate because the PV
systems are not locally manufactured for the cases based on the quality, type, cell per module
and module efficiency and the size for adoption. Nigeria total annual earnings is three times
more than UK yearly power generation due to solar availability throughout the year. In Nigeria

context:

1) The abundant solar resource resulted to adequate generation with installed PV
capacity with good earnings.

2) The installed off-grid PV system for maximum benefit due to inadequate power supply
and outages.

3) The cost factors have not been taken into consideration for generation since no grid-
connection in Nigeria. In UK, government has put all the cost factors into consideration
due to implemented FITs for grid-connection and a return on investment based on 5%

or 8% for projects.
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4) The generation payback period shows short-medium-term investment for capacity
installed in Nigeria. In UK context, the small capacity installed due to repayment of
grants and cost of borrowing in generation shows a long-term payback. In 2016, the
literature finding revealed that UK FIT rate cut to 4.39p/kWh would take a much longer
time to recoup by solar consumer/generator. In Nigeria, more electricity use from

solar PV could be better than buying from the grid due to constant outages.

In Nigeria, individuals or businesses preferred self-financing due to high interest rate (20%-
22%) per annum by banks with a very short payback time of 1- 3 years and without
government subsidies make investment in solar energy less developed (Eromni, 2014). In
addition, absence of appropriate policy to expand solar market and lack of motivation
measure (Akpu, 2012). The PV system deployment from the findings largely depend on
financial capability but PV development can improve through public-private investment in
Nigeria. In real situation of the case study, those that could afford PV system cost apart from
government sponsored solar pilot demonstrations are self-financing for the off-grid
installation by individual and company for residential, offices and business applications. The
data collected from the case study is not based on borrowing for PV system adoption.
However, implementation of incentives could result to borrowing is yet to be effective or

implemented in Nigeria.

Figure 6-40 presents the Abuja case studies with use of monocrystalline and polycrystalline
silicon PV systems. The average daily solar radiation horizontal (DSRH) at 5.45kWh/m?2/day
for monthly generation simulation results shows that: During rainy season, there are more
solar availability in March, February, April, January, May and June, and declines in July, August
and September based on proposed export to grid and rises towards average in October,
November and December yearly. The electricity exported to grid from simulation indicated
negative from May to September which shows reduction in number of hours of sunshine due
to rainfall. Based on solar radiation, the output generation in plotted charts show the
relationship between DSRH and daily solar radiation tilted (DSRT). It shows that DSRH can
generate less output during raining season than DSRT because of more radiation received

from tilt direction. It is advisable to use monocrystalline for better generation performance
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during this period of season with energy storage (battery) during day generation for night use

respectively.

Solar Radiation vs Electricity Output in Abuja Locations
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Figure 6-40: Abuja solar radiation and the electricity outputs.

Figure 6-41 presents the Awka and Nsukka case studies with monocrystalline and
polycrystalline silicon PV system with the same DSRH value at latitude and longitude. The
solar radiations for yearly total average are 4.92 kWh/m?/day. It is available more in January,

February, March and April, but moves towards average in May, June and July and declined in
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August at peak rainfall every day. During start of dry season, it moves towards average in
September and becomes more available in October, November and December. During rainy
season, the output generation from May to September is reduced due to less number of
sunshine hours. It is advisable to use monocrystalline for high efficiency performance for the

PV off-grid application that generates with energy storage during the day for night use.

However, the DSRH represents Daily Solar Radiation Horizontal; DSRT represents Daily Solar
Radiation Tilted; EG represents Electricity Generation; MG represents Monthly Generation;
EC represents Electricity Consumption; EEG represents Electricity Export to Grid and ER

represents Electricity Rate.
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Solar Radiation vs Electricity Output in Anambra/Enugu
Locations

7

6

5

4

3

2

1

0 [ | | | [ | [ ] ] n n n n [ ] | | [ |

& & ¢ K V@* RO &P %Q,Q& & & & 'g\}o*\
oé\é
@*\\\

B DSRH kWh/m2/day B DSRT (150) kWh/m2/day m Case Study 7 EEG
DSRT (150) kWh/m2/day ® Case Study 8 EEG

Figure 6-41: Enugu solar radiation and the electricity outputs.

Figure 6-42 presents the Lagos case studies with monocrystalline and polycrystalline silicon
PV system for solar radiation on yearly total average of 4.74 kWh/m?/day. More solar
radiation is available in January, February, March, April and May and within average in June,
and declined in July and August during normal peak of raining season, and moves towards
average in September, October and November and becomes more available during dry
season in December. It is advisable during raining season, to use monocrystalline for high
performance off-grid application using energy storage (battery) during day generation for

usage at night without generation.
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Solar Radiation vs Electricity Output in Lagos Locations
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Figure 6-42: Lagos solar radiation and the electricity outputs.

The off-grid PV electricity delivered to load are for all the case studies. The energy saved for
proposed case simulation analysis show negative due to increased consumption on monthly
percentage use of electricity that expected export by grid-connection. The electricity
delivered to load from the case studies between small and large-scale for installed PV capacity
(1 to 33 kW) shows that more use of appliances is associated with more consumption. In
addition, increase in energy demand from the growing population will continue due to
increase standard of living and economic growth. Table 6-82 presents the field data versus

the proposed case simulation.
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Table 6-82: Generation Capacity for Field Base and Proposed Case Simulation

Case Annual Generation Field Data Annual Generation Simulation
Study Base Case Propose Case
Capacity kWh MWh kWh/MWh kWh/MWh
(kw)
1 33 72,576 72.58 43,820 (43.82) | 58,774  (58.774)
2 5 16,243 16.24 6,820 (6.82) | 9,081 (9.081)
3 3.2 9,677 9.67 4,360 (4.36) | 5,816 (5.816)
4 2.16 14,076 14.08 2,940 (2.94) | 3,926 (3.926)
5 2 12,420 12.42 2,730 (2.73) | 3,635  (3.635)
6 1 648 1.00 1,800 (1.82) | 1,799 (1.799)
7 1 2,880 2.88 1,630 (1.63) | 1,634 (1.634)
8 3.2 9,216 9.22 3,950 (3.95) | 5,003 (5.003)
9 4 7,884 7.88 4,710 (4.71) | 6,275  (6.275)
10 13 35,040 35.04 20,390 (20.39) | 20,394  (20.394)
11 16.3 71,552 71.55 25,570 (25.57) | 25,571  (25.571)

The RET Screen solar radiation database however, was used to ascertain the monthly and
yearly generation obtained with the current national and solar company’s rates based on
accuracy for proposed grid-connected in the above case studies computation. In addition, the
yearly investment cost per kWh differs in cost per kWh for the PV system installed in each
case location. In the above analysis, the results show that high rate of electricity based on
solar standard electricity rate (N110) could further reduce emissions to national rate (N24.30)
which is less. So also, case studies with more generation equally consumed more than less

generated and consumed.

6.7 Comparisons

The results of electricity output display some differences between the field data and
simulation. For example, case study 9 from field data generated 7,884 kWh/year electricity
output but the electricity delivered for proposed export to grid from simulation show 10,985
kWh about 31% higher. The variance in output can be due to non-availability of the
monitoring system and cost of national grid electricity with higher estimated bills could affect

this case due to non-monitoring equipment.
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The difference between electricity delivered to load and export to grid show off-grid PV
installed capacity only generated for energy needed. The RET Screen simulation database
presents ideal condition used to obtain energy generation with a number of peak sun hours,
degree angle and solar radiation resource whereas, PV system functioning is based on angle
position obtained from month to year in the location. Nigeria case studies for a solar off-grid
PV system in Abuja, Awka, Lagos and Nsukka locations, the electricity generation and

consumption depend on number of household/office use and the payback period.

In real operating conditions, energy losses occur mostly in grid-connected components with
large-scale capacity installation for electricity generation (Kumar and Sudhakar, 2015) and the
losses can be evaluated using monitoring system to capture the losses caused by cell
temperature higher than 25°C. In addition, miscellaneous losses can be caused by wiring,
string diodes, low irradiance, partial shadowing and mismatching, maximum power tracking
errors, dust limitation including Harmattan and losses from energy conduction in PV Modules
((Mirian et al, 2016 and Marion et al, 2005). Table 6-83 represents the installation location for

cases serviced such as residential, administrative office block, business places, and institution.

Table 6-83: Case Studies Generation and Consumption Location (Abuja, Awka, Lagos and

Nsukka)
Case | Capacity | No. Total Cost of | Generation Consumption
Study | (kW) of Investment (kWh) (kWh)
Panel

1 33 140 N14,828,000.00 72,576 66,799
2 5 24 N6,435,000.00 16,243 5,532
3 3.2 16 N1,348,000.00 9,677 6,445
4 2.16 17 N3,365,000.00 14,076 7,359
5 2 15 N3,070,000.00 12,420 7,359
6 1 16 N238,000.00 648 467
7 1 4 N500,000.00 2,880 156
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8 3.2 20 N1,426,000.00 9,216 7,319

9 4 16 N3,484,000.00 7,884 3,214
10 13 100 N15,140,000.00 35,040 9,979
11 16.3 64 N10,520,000.00 71,552 71,552

The installed PV capacity in the absence of existing grid connection in this study include large-
scale capacity greater than or equal to 3 kW and small-scale PV capacity installed less than 3
kW for generation and consumption. Based on the business model, the total cost of
investment analysis depends on individual, company and government agencies. However, the
monthly electricity output generation varies over the year due to local weather conditions
associated with little cloud cover, dust, Harmattan including other factors. For example, Abuja
study’s locations has the highest generation in January, February, March, April, May and June
due to regular solar radiation; low in July, August and September and average in October,
November and December due to high temperature. Awka in Anambra and Nsukka in Enugu
state’s locations have the highest generation in January, February, March and April, low in
August and average in May, June, July and September, and high in October, November and
December. The highest generation in Lagos locations is January, February, March, April,

average in May, June, September, October and November but high in December.

The electricity load consumption with solar system and battery for residential, institution and
commercial areas application. The load distribution from off-peak to peak time shows solar
PV system energy efficient. In residential sector, peak time consumption mostly in the
morning and evening after business activities and energy storage in the absence of electricity
light from national grid. According to law of demand and supply, peak time demand always
attracts higher price and introducing price incentive during this time, could be more expensive

with grid-connection in this study.

The quantity of generation in this study is to meet consumption whereas the payback period
is to determine whether the investment can be profitable for business consideration. Figure

6-43 represents the line chart trends over time.
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Figure 6-43: Line chart of Investment.

Figure 6-44 indicates the correlation between generation and consumption due to adequate
generation with blue line and consumption with brown line for using PV system based on the
capital invested. For example, case study 1 with 33 kW capacity and case study 11 with 16.3
kW capacity generated more output by installing high capacity PV system due to cost of

investment consideration.
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Figure 6-44: Indicating Line chart Generation and Consumption.

Figure 6-45 presents a relationship between generation and consumption based on realized

income. The results show positive returns. Figure 6-46 shows the total electricity generated
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and consumed that could change over time. Figure 6-47 presents a relationship between
generation, consumption and payback with scattered chart depending on the amount
invested, capacity installed and return to be realized. The results of generation over
consumption based on payback period happens to be reasonable using quality PV system.
The personal off-grid installations provided good return on investment for short-term apart
from long-term periods in this study. The application also contributed to additional electricity

production across the country.
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Figure 6-45: Sum of case studies Income based on Consumption.
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Figure 6-46: Generation and Consumption.
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Figure 6-47: Payback Period.

6.8 Possible Links

The 11 cases located at four main regions represent the main weather conditions in Nigeria.
Casestudy 1, 3,4, 5,6, 9 and 11 are rooftop installation type while case study 2, 7, 8 and 10
are roof-ground-mounted type of applications. Case study 1, 6, 9, 10 and 11 use
polycrystalline PV type while case study 2, 3, 4, 5, 7 and 8 adopted monocrystalline PV type.
Abuja with solar radiation potential ranges from 4.19 to 6.27kWh/m?/day throughout the
year. Awka, Lagos and Nsukka in Southern, Western and Eastern part of Nigeria have
moderate weather conditions. During rainy season, the four locations experience low solar
radiation. This study found that Abuja is best option for PV system installation due to high
availability of solar radiation (6.27kWh/ m?/day) throughout the year. Table 6-84 represents
the monthly average solar radiation on horizontal surface. Figure 6-48 represents the

insolation value. Table 6-85 presents the possible links between the case studies.
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Table 6-84: Monthly Average Solar Radiation on Horizontal Surface (kWh/m?/day)

(Dependent Variable)

State
location

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct | Nov

Dec

Abuja: Lat.
(9°N) Long
(7°E)

5.88

6.09

6.27

6.06

5.58

5.06

4.44

4.19

4.73

5.31 | 5.98

5.86

Awka: Lat.
(6°N) Long
(7°E)

5.68

5.74

5.57

5.25

4.94

4.54

4.14

3.91

4.19

457 | 5.11

5.46

Nsukka:
Lat. (6°N)
Long (7°E)

5.68

5.74

5.57

5.25

4.94

4.54

4.14

3.91

4.19

457 | 5.11

5.46

Lagos: Lat.
(6.5°N)
Long (3°E)

5.28

5.49

5.46

5.21

4.76

4.04

3.95

3.98

4.09

4.55 | 4.95

5.17

Location

Abuja

Awka

Nsukka

Lagos

Annual
Average

5.45

4.92

4.92

4.74

The weather data are analysed by using statistical tool of bar/column chart.

Insolation (kWh/m?/day)
o = N w D w [e)} ~

Insolation Value (kWh/m?/day) Vs Month of the Year

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Month of the year

Figure 6-48: Isolation value.

M Abuja: Lat (9’N) Long (7’E)

W Awka: Lat (6’N) Long (7’E)

Nsukka: Lat (6’N) Long (7’E)

Lagos: Lat (6.5'N) Long (3'E)

The major output parameters for the case studies comprises of generation, consumption and

payback period (ROI). The other input and output parameters are the basic factors such as
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sizing of PV system; finance and costs; solar energy availability; geographical location and PV

system types. Table 6-85 shows the possible links between them.

Table 6-85: Possible Links between Case Studies

Location | Rate of | Cost in | Income | Rural/Urban | Zone Rationale
Solar terms of
Availability | electricity

Abuja High Moderate | High Electricity Northern | PV system
Access due adequate
AWka MOderate H|gh to energy SOUthern generation

demand for

Nsukka Average . Eastern
consumption
Lagos High High & Western
Average

The generation, consumption and payback time are used to determine the return on
investment, electricity access for both rural and urban community’s household and
businesses. The solar radiation is essentially available in every location for economic

evaluation of solar system design particularly on-grid connection in Nigeria.

6.9 Factors Affecting PV Electricity Output

The case study has huge solar radiation available for electricity conversion. A proper
installation including good orientation and a gap between the rooftop and PV system could
largely help sustain maximum output. In addition, generation with a PV system depends on

amount of installed capacity and available solar radiation from horizontal or tilt position.

The literature finding revealed that PV module tilt angle position is considered for maximum
solar radiation depending on the geographical location of the system plant (Labed and
Lorenzo, 2004). The studied cases with 15° degree tilt angle during dry and rainy seasons (the

seasonal operation) increased solar PV system output. The simulation results for tilt solar
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panels generated more than the horizontal fixed by the amount of solar radiation emitted

from sun.

The performance ratio (PR) is an important value used to evaluate the quality of PV
installation that makes installation performance independent of orientation including
inclination of the panel, losses from the inverter, temperature, DC & AC cables, shading, weak
radiation, dust, Harmattan etc. These losses based on PR value depend on the site, the
technology and the systems sizing. RET Screen tool used in this study to investigate the
feasibility of solar off-grid PV system at each given location under standard test conditions
(STC) with intention of proposed grid-connection generation based on simulation. In addition,
the database due to off-grid PV system performance help reduced losses that PV panels would

have incurred.

The PR values assessed the quality of PV installation based on output generation from
selected sites in the case study. The PR in Abuja location is about 89 percent and the highest
value in January, February, March, April, May, June, October, November and December and
6 percent lowest in August. The PR in Enugu location is about 63 percent and the highest value
in January, February, March, April, October, November, December and 7 percent lowest in
August. The PR in Lagos location is about 47 percent and the highest value in January,
February, March, April and December and 7 percent lowest in July. The high efficiency PV
monocrystalline and polycrystalline silicon technologies installed provided good performance
in the four different locations due to solar radiation availability in Nigeria. However, PR value
attributes to assessment of improper/unfitting operation of the system, losses from inverter,

DC and AC cables, temperature, dust etc.

In Abuja locations, the average PR (14%) is in July and September. In Enugu and Anambra
locations, the average PR (22%) is in June, July and August. In Lagos location, the average PR
(31%) in August, September, October and November. During the months of rainfall, the
results show weak radiation and losses can easily affect PV performance at this period of the
year in different locations. Literature revealed that many performance parameters for energy

production used to define the overall system performance (Abbasoglu and Emodi, 2015).
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The capacity factor (CF) is the ratio between installed capacity and actual energy generated
over time, typically for one year. However, the solar PV systems capacity factor varies from
10 to 25 per cent depending on the location and function of tracking. The CF for solar PV
system from study report falls within the 10-25% range and mostly below 50% for renewable
energy sources. The study found that solar capacity factor is low when the sun becomes half
above the horizon and the variation due to losses from local climatic conditions (Energy,
2016a and Energy, 2014). The peak power for all electrical components in delivery can be
sized when plant runs at high capacity because higher capacity factor suggests less
fluctuation, cost-effective and efficient (Kamal, 2016 and Shiva, 2015). In addition, the higher
capacity factor can lower cost of electricity generation by installation. In this study, solar
availability from simulation of installed off-grid PV system capacity generated about 18%

capacity factor in each location falls within solar PV system range of 10-25%.

6.10 Factors Affecting PV Installation in Nigeria

This study with sensitivity and risk analysed to be the factors affecting the failure of solar
installation in Nigeria. The sensitivity is defined as a technique that takes into account
uncertainty and does not require estimates of probabilities (Kreith, 2007) to tests economic
performance for alternative values and uncertainty. This shows decision makers how
economic viability changes for RE or EE projects due to fuel prices, discount rates, time

horizons and other critical factors.

The sensitivity analysis of the total cost of the PV system when taking conventional system
externalities into consideration equal to grid supply capacity due to national rate with a
subsidy. This study examines the extent of which installed PV system can affect certain event
of occurrences. The following factors can pose as threats to PV system installation: low
technical expertise, sub-standard materials or low-quality PV system, accidental damage to
PV Street light or billboards and natural disaster such as heavy wind/rain in the study

locations.

In Nigeria, the technical knowledge is low in understanding PV system installation

performance. The low availability of technical expertise can be difficult for repairs in case of
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any fault or breakdown and in turn affect PV efficient performance in terms of power output
from generation location. It is important to take seriously the education of local professionals
such as building architects, engineers and developers/investors, suppliers into consideration

for proper installation to avoid future failures for installation design of renewable sources.

The PV panel installation with use of low-quality materials, charge controller, inverter,
battery, cables, fuse or circuit breakers can result in installation failure affecting the system
performance during generation. Implementing of policy/regulation is required for guiding
production and importation of solar PV system components in order to address consequent
issues. In addition, Standard Organisation of Nigeria (SON) is also required to certify
companies supplying these materials with strict monitoring mechanism or clear sanctions for

non-compliance.

6.11 Payback Justification

Nigeria investment capital is based mostly on personal funding or financial support from
relatives, families and friends apart from the pilot projects sponsored by the government
across the country. In fact, financing by borrowing money with interest always requires
repayment to reduce debt payment every year with interest. Presently, self-financing
preferred for not borrowing due to high-interest rate. This cases with ‘self-financing’ for those
who can afford PV system installation as well as government PV pilot projects investment is

to attract investors.

The business outlay considering payback period on cash flow is to increase net cash inflow
over cash outflow. It also describes the level of sales in order to achieve desired profits and
number of units’ seller that sells to cover costs (Schmidt, 2016). Literature found that cash
flow forecast could use investment appraisal/evaluation methods such as simple payback or
discounted payback (DPB), Levelized cost of electricity (LCOE), Life cycle cost (LCC), internal
rate of return (IRR), Benefit cost ratio (BCR). They help decide whether to go with investment
or not (Goswami and Kreith, 2007). It is used to obtain largest savings for a fixed budget and
target savings for the lowest budget with a limited application that aims in minimizing total

costs or maximizing net benefits/savings from renewable energy or energy efficiency
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expenditure (Schmidt, 2016). This study shows that more sale of PV panels at a shorter time

may cover costs on time. Table 6-86 represents case studies summary consumption paybacks

with interest rate (5%).

Table 6-86: Payback Period for Consumption with Interest rate (5%)

Cases | Consumption (kWh) Rate (N) | Yearly Amount of Income | Payback (Year)
(N)

1 66,799 110 7,347,890 2.2
(14,828,000/6,606,490)

2 5,530 608,300 15.4
(6,435,000/286,550)

3 6,445 708,950 2
(1,348,000/641,550)

4 7,359 809,490 4.8
(3,365,000/641,240)

5 7,359 809,490 4.3
(3,070,000/655,990)

6 467 51,370 (238,000/39,470) 5.4

7 156 17,160 (500,000/17,160) 29

8 7,319 805,090 1.9
(1,426,000/733,790)

9 3,214 353,540 13.9
(3,484,000/179,340)

10 9,979 1,097,690 24
(15,140,000/340,690)

11 71,552 (10,520,000) 14

This study with some case studies examples to justify a PV system adequate generation over

consumption with solar energy potential in Nigeria. This study also recognized solar energy

with PV system for electricity generation to solve the problem of inadequate power supply in
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the country. This study focused on consumption to justify the payback period which is time
expected for an investment on a project to recoup the initial cost that takes years to return
the initial investment. This study with simple payback suitable in comparing different solar PV
system and the components are not of the same price per kWh generation. The off-grid case
studies payback calculated for consumption due to waste of excess generation because of no
grid-connected systems yet in the country. The self-financing from savings are those who
could afford the installation of off-grid PV system apart from pilot project installation mostly

in rural-remote locations.

In this study, each case study realized good return within short, medium and long-term
payback period with different solar PV types based on cost breakdown of the business model.
The total capital invested realized yearly return on investment. In calculating payback period,

several factors considered include:

1. Capacity installed with the amount invested may increase or reduce the payback
period

2. Generation output or consumption with yearly return may have an influence on the
payback period

3. Good return on investment based on the amount invested may take short payback

4. Self-financing may attract a shorter payback period

5. High electricity rate with small initial capital may take a shorter time to payback than

lower electricity rate depending on the capacity installed and for what purpose.

For example, a solar company such as Blue camel energy had used personal funding for off-
grid residential and small businesses installations in the country. This study with
short/medium and long-term payback is realistic and the government long-term payback
more realistic due to no tax or risk. However, this may not be a worthwhile investment to
short payback based on self-financing from individual and business perspective respectively.
Finding from the study shows that small businesses often want to see investment with short
payback period because it often lack cash flow of capital streams to maintain business

operations while waiting for an investment to pay for itself (Hanks, 2016).
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6.12 Summary

This chapter established that PV installation capacity depends on solar availability and
amount of investment for a good return on investment. The PV systems provided adequate
generation based on simulation results of 11 investigated case studies due to efficient good
performance and battery storage for electrical energy. The good performance in the
generation is able to meet uninterrupted consumption. The 11 cases carried out provided
good returns within short, medium and long-term investments which confirmed to be a
reasonable, affordable and profitable investment based on output generation, investment
cost and savings. The system with tracking method generated high output than fixed angle

installation system.

This study with demonstration of adequate generation value from PV system application
might help solve inadequate electricity supply associated with outages for grid-connected
urban areas and a solution to rural-remote areas without grid-connection. It may also
encourage further installation in residential, commercial and institution in meeting the
population energy demands. Government with sufficient incentives towards proposed grid-
connection will reduce cost, mitigate more emissions, and make solar PV system competitive
for the Nigerian power sector. However, government implementing solar energy application
will promote solar power system development for the benefit of Nigerian citizens and the
economic sectors. This is because solar energy technology is environmentally friendly and
sustainable to mitigate climate change, add value to building by installation and jobs for the
youths with a large percentage of unemployment. In general, boost economic growth and

firm’s competitiveness across the country.
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CHAPTER7: FRAMEWORKS FOR IMPLEMENTATION

7.1 Introduction

Nigerian economy is wholly dependent on the petroleum industry for energy and revenue in
driving growth but the energy industry has been associated with major issues. However,
Nigeria’s energy policy was established to remove key barriers with RE and EE frameworks
over other forms of energy which includes economic, regulatory and institutional issues. The
policy document was drafted to address diverse issues that show the multi-dimensional
nature of energy. It includes RE supply and utilization; pricing and financing; legislation,
regulation, and standard. The policy was to provide optimal utilization of the national energy
resources for sustainable development with private sector active participation. Moreover, the
implementation of policy objectives and strategies fundamentally was to demonstrate the
crucial nature of energy for the national development goal (Oyedepo, 2012a). However, the
Nigerian government has a major role to play in case of a conducive environment to meet the

energy challenge facing the country (Oyedepo, 2012b) and (IEA, 2011b).

The government established FMOP, FME and ECN ministries, departments and agencies
(MDA) with the responsibility for creating awareness to investors and consumers about the
economic potential for RESs outside hydro source of energy. NERC, a government agency
recognizes RES potential for RE generation carried out feasibility studies and proposed FITs
for RES developers based on PPAs data collection with off-taker negotiation (FMOP, 2014);
NERC, 2014 and NERC, 2013). This includes national energy development with the option of
diversified energy resources to achieve national energy security and energy efficient delivery
system towards optimal energy resource mix. The policy strategies are to promote RES
contribution towards electricity generation and to encourage and enhance the country’s

electricity supply capacity.
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7.2 Renewable Energy policy Objectives

This recognized RE as a reliable, affordable, equitable and sustainable energy supply in various
sectors of the economy. For Vision 2020, the role of electricity industry includes
implementation of short-medium term targets (3-5 years) and long-term target (5 years). It
also includes off-grid electrification and grid-connected electricity with rural electrification. A
comprehensive, integrated and well informed RE and EE sector with plans and programmes
to ensure effective development. The successful use of the nation's abundant energy
resources to provide abundant electricity access to almost half of the Nigerian population that
currently without electricity access with more sustainable provisions for domestic use and
cooking. To establish an appropriate financing mechanism to support private investment in
sub-sectors. To ensure the development of the nation’s RE and EE resources through effective

coordination and collaboration among all players of RE and EE activities in Nigeria (NEP, 2003).

For ensuring the provision of electricity to all remote and off-grid areas. To increase energy
mix grid-supplied electricity in line with regional/ECOWAS policy target. It also aims at
stimulating industrialization in rural and remote areas to retard rural-urban migration
particularly industries in the remote. The off-grid areas for productive use mainly to provide
a reliable and stable power supply to consumers. To ensure removal of bottlenecks for
development of off-grid electricity, broaden energy options for generating electricity and to
maximize Nigerians access to investment opportunities in the electricity industry created by

power sector reforms (NEC, 2005).

The Ministry of Power developed a draft of renewable energy policy (REP) in 2005 due to
renewable policy initiatives to drive RES development in the country. In 2001, the National
Electric Power Policy (NEPP) set a target of 10 percent renewable energy mix for all new

connection by 2020. In June 2012, NERC published FITs for most RE (www.nercng.org), to

provide investors cost recovery and guaranteed return on investment. The federal
government established NBET, a credible and creditworthy for off-taker of power and
renewables and World Bank Partial Risk Guarantee supported the off-taker. The REA

established REF focusing on the promotion of renewable in rural areas. The NERC developed
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regulation to promote and guide power generation including renewable power generation

within existing distribution networks (McKinley, 2014).

7.2.1 Solar Photovoltaic (PV) Policies

This includes electricity generation to drive solar development for the effective harnessing of
the solar resource that integrates with other energy resources. The policies to promote
efficient use of solar energy through PV conversion technologies for power generation and
productive use. To intensify efforts to increase the percentage of solar energy in the present
energy mix. The nation aims to promote the development of energy storage technologies to

complement solar power development with energy efficiency programmes (NEC, 2005).

7.2.1.1 Solar Photovoltaic Objectives

This is to provide percentage increase of solar energy contribution to total energy mix to
ensure 3 percent minimum electricity contribution by 2020 and 6 percent by 2030; to
conserve non-renewable resources for electricity generation while diversifying targeted
energy resource of the nation. Furthermore, to contribute to remote and off-grid power

development to ensure minimum damage to Nigeria ecosystem (NEC, 2005).

7.2.1.2 Solar Photovoltaic Strategies

Solar PV strategies are for developing extension programmes, which includes facilitating the
use of SHSs while promoting R&D for solar energy technology. For translating solar energy
into potential power at the local level, that requires various resources and training workforce
skill for maintenance of solar system conversion. In developing skilled workforce and
providing basic engineering infrastructure for local production of components and spare parts
of solar energy conversion systems in line with regional ECOWAS target (Emodi, 2015) and
appropriate pricing structure and FITs will encourage development of CSP or other similar

project.
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7.2.2  Financing Policy

Financing of renewable energy is a crucial element for realizing federal government’s policy
thrust on renewable electricity. However, investments substantially require research and
exploitation activities but financing for long-term involves foreign and domestic resources.
Nevertheless, foreign investment capital provides a greater proportion of funds needed. The
risk in financing renewable electricity projects requires government providing guarantees and
financial frameworks for stimulating renewable electricity market expansion. According to the
Mckinley report, the federal government is to continuously improve conditions to enhance
funding of renewable electricity through equity, debt financing, grants, and microfinance

(McKinley, 2014).

7.2.2.1 Financing Objectives

The objectives include ensuring adequate funding available for RE sub-sector and continuity
in funding sub-sector projects to ensure adopted RE supply option is most cost-effective to
increase foreign exchange earnings through exporting RE from the country. To encourage
local development of RE in minimizing cost is in line with regional/ECOWAS policy as well as
target to encourage local government and community investment in RE projects.
Furthermore, the key objectives are to ensure effective participation of indigenous private

sector in RE industry value chain in the regional policy.

7.2.2.2 Financing Strategies

The key strategies include establishing a financing mechanism to support indigenous
investments in RE and putting in place other incentives appropriate for RE sub-sector. In
promoting indigenous private sector participation as well as competitiveness in the sub-
sector. In creating appropriate motivation with NGOs through MOU for RE sub-sector and
increasing the local content value added in the activities of energy sector industries. The
strategies also include dedicating a certain percentage of the nation’s revenues from

conventional energy sub-sector to support renewable electricity sub-sector. Involving
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training, research development, and demonstration, technical standards, and technology

acquisition.

Dedicating a significant percentage of the nation’s revenues from privatization of Nigeria’s
PHCN infrastructure as well as grants to local communities for investment in RE projects.
Implement a framework for use of sovereign guarantees to support appropriate renewable
electricity projects. Provide fiscal incentives, subsidies to alleviate up-front costs, tax and duty
exemptions useful for prospective investors in the RE sub-sector (Kuta, 2009a). It also involves
reasonable ROIs from cost-effective renewable electricity pricing. To establish guaranteed
and dependable repayment schemes for investments in RE projects and RE firms are to be

encouraged to source development funds from the Nigerian capital market.

The overall macro-economic and financial framework to improve to ensure availability and
affordability of long-term funding for investors in renewable electricity. Maintaining RE in the
country’s institutional legal as well as regulatory frameworks for grants to local governments
and communities in order to support RE planning and implementation projects. Furthermore,
the involvement of international donors and NGOs, local and foreign banks participation,
indigenous people participation. It also involves feed-in tariffs based on regulation and

incentives.

This study found that Nigeria with incoherent laws are affecting economic, regulatory and
institutional issues because it overlaps duplicates and conflicting. It also a key barrier to RE
and EE framework as well as the development of PV for electricity generation. However, the
policy formulation dissemination is yet to be implemented since fifteen years ago. The

following key actions for an effective framework in Nigeria.

7.3 Proposed Framework

The policy framework is significantly necessary for solar implementation. The implementation
might facilitate stakeholders’ participation and impact positively because financing has been
an impediment to PV development. PV renewable systems globally experienced exponential

growth since the 1990s. Finance can be difficult but a prerequisite for PV system power
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development in Nigeria. Energy policy requires a framework for a strategic shift to sustainable
development due to off-grid PV electricity generation. The findings suggest that policies have
a significant impact on legislative and community participation. The participants in the
legislative process as outlined in this study usually are unable and unwilling to develop precise

guideline due to complexity, lack of time and interest issues. The following are proposed

frameworks.

Economic

Framework

Technical

Framework

*Policy action for *National ePublic-Private
solar application financing sources partnership

eNational eNew financing eEstablish
financial support plan for standards, codes
with decision legislation and certification
process and de- business models eBest practice as
risk eMarket flexibility well as mobilizing

eRegulatory and and optimization actions and
effective eLocal solar and monitoring
mechanism educational impact

e Administrative program ePrograms and
agenecies and initiative support
commitment to incentives
policy reform
and constituency

- J - J - )

The policy implementation could be the most important action to enforce law into impact in
Nigeria. This is because policy formulation dissemination and implementation can influence
positively or negatively. This implies that policies can facilitate or hinder the participation of
PV development. However, this study encourages RE policies implementation to enhance the
country’s electricity supply for additional energy with PV systems. The findings suggest that
government intervention for the development of PV should be strong, effective and
consistent to balance policy support for the PV market expansion. This might help solve the

problem of legislation set of process.

According to Bardach report, the public policy-making process involved setting agenda to
policy evaluation and implementing policy. This has to do with political, financial and

administrative issues that require motivation, proper, and appropriate lobbying, technical,
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professional and administrative support (Bardach, 1977). UK report indicated that policies are
ideas, goals and plans of action adopted by some agencies (Essays, 2015) which is a logical
structure established to organize policy documentation into groups. It also easier for people

to find and understand the contents of various policy documents.

Nigeria lack of continuity in administration, financing and government bureaucracy
(mismanagement) affecting the development of PV system for electricity generation. Despite
that, the policies designed is to drive and promote the efficient use of renewable solar energy
with PV system conversion in Nigeria. However, lack of funding requires government funding
and support with subsidies and incentives. Based on current electricity tariffs, PV deployment
is highly relevant in reducing GHG emission that affects the whole economy and improved
funding could help offset the cost of PV installation in the country. This is because most
Nigerians are low- income earners and cannot afford PV system development unless with

financial support from government and private sector participation.

The findings suggest that a strong government policy framework based on public-private
investments may improve PV system development. In addition, effective planning and strong
regulatory/legislative framework may promote large-scale PV development and deployment
across the country. This study focused on affordable solar energy with PV system derivable
benefits due to electricity generation challenges. The residential solar systems can easily be
subsidized with a large group of purchase, making the system affordable since Nigerian
populations are hungry to improve their living standard against constant outages from the
national grid. Moreover, government guaranteed financial support provision would stimulate

renewable electricity market expansion in Nigeria.

The proposed framework is effective action that requires government promotion of grid-
connection to attract more incentives for PV system development based on the adequate
generation of electricity, in turn, mitigate emissions. This is because investigated case studies
established that Nigeria has abundant and reliable solar energy resource that can be utilized
to cover the energy shortage, change consumer’s behaviour, reduce electricity bills, curtail

electricity blackouts and as well provide significant benefits to those without access to grid
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electricity. The solar PV system use for electricity generation can meet Nigeria electricity
demand with over 180 million populations and as well reduce the tendency of depending on

diesel-fuel generators in the future.

The proposed framework is to ensure affordability for long-term funding to support RE
planning and implementation process. The following structured elements are guidelines and
responsibilities for promoting policy implementation and facilitating the implementation

process:

7.3.1 Policy Action on Solar Application

The tendency for effective policy framework is due to proposed grid integration and
investment on new grid infrastructure technologies that requires Nigerian government to act
upon and regulators for long-term planning initiative to increase PV system flexibility and grid
management based on strong direct normal irradiation in Nigeria. Concurrently, development
of CSP dispatchable will allow a large amount of PV grid-connection that requires government
plan for high use of PV system generation and the co-finance smart grid demonstration
systems for faster large-scale PV deployment across the country. This is because the
government adopting a policy for building a PV system might sensitize the populations in
taking up installation for efficient and adequate PV electricity to mitigate the estimated
excessive bill. In addition, government benefiting from emission reductions is to comply with
the Kyoto protocol target decision. Figure 7-1 represents the proposed application benefits

for solar PV deployment in the country.
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Generation based on

- Off-grid which is flexible
and self-reliance

- Grid-connected cheap with
incentives for PPAs or leasing

-Employment from CSP/BIPV

- FITs
- Net-metering

- emission reductions

National utility
based on

- Grid-connected
rate in urban

- Off-grid rate in
rural-remotes

Figure 7-1: Application Benefits for Solar PV deployment.

7.3.1.1 National Financial Support with International Mechanism

The national support through government investment could enhance the rate of return and
shorten payback period to attract investors. It can encourage generators to target clean
energy development by all stakeholders in the country. For example, since 1993, the World
Bank (WB) and the Global Environmental Facility (GEF) have supported projects to improve
commercial markets by financing RETs in developing countries (World Bank and GEF, 2007).
In Nigeria, the government continues on the improvement of conditions would be to enhance
funding of renewable electricity through equity, debt financing, grants, and micro-finance in

order to encourage foreign investors.

From 1999-2007, WB and GEF have provided £27 million ($40 million) grants and loans to
fund market surveys, key capital investments, product development, standards and
certification in China. This effort played an important role by supporting the PV system’s sales
to approximately 400, 000 to rural households and institutions. Base on this, China for the
eight-year period become the top producer of solar equipment and components in today’s

world
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(World Bank and GEF, 2007). In addition, Multilateral Development Bank has been a source
of financing for joint development efforts. Bilateral Development Bank also an important
source of development finance and German state-owned Kreditanstalt fuer Wiederaufbau
Bank (KfW) invested £234 million (5340 million) and (€230 million) for renewable energy

projects in developing economies in 2008.

7.3.1.2 Decision Process and De-risk

In considering sustainability, institutional investors and building managers required ‘De-risk’
in their investment decision process and strategies for increasing green investment
transparency. This will encourage investment in solar electricity assets by investor and making
conventional power assets to become more expensive due to the risk of climate change. In
addition, it also will attract new investors either to provide or invest new funds for solar
energy projects. De-risking solar PV investment can fundamentally ensure stable, significant

and observable government policies for clear long-term planning in the country.

7.3.1.3 Establish Effective Regulatory Mechanism

This ensures appropriate policy incentives thereby making the environment conducive and to
remove barriers. It contributes to long-term transparent support due to effective and
predictable regulatory targets. It includes an economic, institutional and attitudinal
framework for building PV investment confidence in the country. This regulatory mechanism
could be financial incentive schemes such as PPAs to enable PV system to compete in Nigeria

energy markets. In addition, ensure priority access to grids for a long-term generation.

It is a clear, effective and predictable long-term financing incentive like FITs or investment
subsidies to ensure that government guaranteed a loan for matured PV technology with direct
support payment to renewable generators. It can be more efficient than tax credits and
subsidies such as grants/aids to support output. This is because incentives for long-term
energy policy objectives might foster innovation and development of most cost-efficient
technologies in Nigeria. This framework with efficient market structure may encourage PV

electricity generation becoming more competitive to attract private investors but
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government support with enough incentives can deploy PV system rapidly for electricity

generation.

7.3.1.4 Effective Management based on Political will

Government intervention in form of urgent action shows effective management for private
participation, which can ensure coherence and coordination between different authority’s
procedures for the off-grid and grid PV systems implementation. Nigerian government with a
strong political will can expand RE market through solar aid projects and encourage the
market coverage across the country and other neighbouring regions/countries. This is
because urgent action by intervention can unlock the solar potential for electricity generation

in Nigeria.

This framework involves appropriate people driving the implementation process forward and
getting the policy accepted and desirable due to the negative aspect of corruption in society.
This can attract active support gain from groups who consider proposed policy
implementation desirable and commitment to action in achieving the national policy
objectives. It also encourages set of people with effort and commitment to make policy
achievable through workshop participation by public and private players (stakeholders) with
relevant discussion from each sector in resolving drafted policies issues for the benefit of

renewable resources available in the economy for implementation.

7.3.1.5 Effective Administration and Policy Reform Commitment

This study proposes the involvement of community organization and groups’ participation in
the policy implementation process apart from government executives. This requires serious
attention, time and efforts to investment/funding for solar PV system development by
government administrative agencies. However, the government concentrating on states with
more resources may facilitate RE implementation. This is because the state’s capacity relies
more on available resources and always a factor affecting success or failure of policy
implementation. Additionally, the legislature undertakes policy formulation in order to

remedy past problems, in turn, prevent future potential problems based on rules or rights.
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The problem of bureaucracy and corruption result in lack of commitment to funding ability,
legal and institutional framework as outlined in chapter 5 towards Renewable Energy Master
Plan (REMP) by Nigerian governments. Administrative hurdle also hampered policies
effectiveness for PV development may be a delay to IPPs operation despite that they are
licensed and registered for intending PV development in Nigeria. For example, the power
sector suffers policy tumble due to administrative changes because new policies come with

the new administration.

7.3.2 Economic Framework

7.3.2.1 National Financing Source Development

The national financing is a source of funding programme for PV development electrification
in urban and rural areas. This could be by levying or tariffs on grid electricity through taxing
other energy sources. This can provide market mechanisms such as clean energy
development mechanism (CDM) in terms of certified emission reductions and this can
drastically reduce Nigeria industrial sector emissions. Due to lack of skilled personnel and local
capacity, appropriate measures for effective coordination and planning of government
ministries, implementing agencies, installers and maintenance operators including staff is

needed.

The endemic poverty in the country requires government funding and financial support from
subsidies and incentives to improve funding in order to offset the cost of PV installation. For
example, residential solar systems with a large group of purchase could make the system
affordable to meet peoples’ demands to ensure good living standard against constant
national grid outages. The findings suggest that robust government policy framework will
encourage public-private investments to increase and improve PV system development.
Additionally, effective planning and strong regulatory/legislative framework can promote

large-scale PV system development across the country.

Nigerian government increasing R&D funding from matured PV systems design will ensure

long-term sustainability for the country’s industrialization improvement. It will also improve

258



the product requirements for building PV integration due to the significant potential of solar
energy and large-scale PV systems deployment can minimize environmental impacts and
accelerate cost reductions at different locations. The government priority on PV research and
development (R&D) for short, medium and long-term will improve the technical performance,

cost of solar panels and its system components for the existing and new solar technologies.

7.3.2.2 New Financing Plan for Legislation and Business Models

This supports new investment by re-directing capital from conventional power plants to solar
PV systems for sustainable growth of solar energy application in Nigeria. This will help
legislation to create a checklist for green investment and financing activities whereby the
regulators use the checklist to encourage banks financing green projects in form of easing
capital requirements or having a label for sustainable financial products. For instance, Nigeria
insurance companies will consider ensuring buildings using solar PV system with less
premium. The stock market to attract institutions and private/individual investors on solar
investment through fund-raising for PV development while taking customers with

sustainability preferences into account.

This can encourage the government to provide guaranteed financial support to stimulate
renewable electricity market expansion because of the risk in financing renewable electricity
projects. This requires considerable PV up-front investments due to high capital cost as a
major barrier with a large population of low-middle class earners for off-grid residential and
small commercial. Due to investment barriers, uncomplicated financing approach and
innovation would be required for PV market development in Nigeria. The finding suggests
that most incentives for PV grid-connection with high efficiency may not benefit isolated
homes/clusters. However, this study suggests a business model that requires energy service
companies into PV system development for efficient delivery service to end-user. In addition,
the government can promote financial incentive such as a loan for off and grid-connected PV
developers/installers because this will help the end-user with periodic payment without

necessary the owner or responsible for the system maintenance.
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Nigeria requires implementing of a new model for financing and operating PV system due to
a number of low-income earners with limited access to funding. For example, direct sales,
credit and hire or leasing in rural-remote communities may encourage widespread use of PV
to overcome the barrier of high capital costs across the country. This also may enable end-
user to become PV system owner or directly sell generated electricity for cash and obtain
credit sales through micro-credit initiatives from PV supplier/dealer or third party and
become PV system owner or by using the system as loan collateral. This is because PV supplier
or financial intermediary through hire/ lease can purchase or lease PV system to end-user
whereby ownership may or may not be transferred to end-user at the end of the lease period.
This type of model can attract a fee for service depending on the arrangements. It may be
part of FITs or net metering that allows end-user to earn from export and import meter based

on supply and demand.

7.3.2.3 Market Flexibility and Optimization

This requires a high degree of system flexibility, which is the amount, dispatched quickly
during generation whereas interconnection and storage available can respond to fluctuations
in supply and demand to increase the market and measures transmission optimization. The
market measure will expand the system market due to overall variability through
intermittency and other factors and the system being easy, flexible, safe and reliable can
balance demand, supply, and direct electricity supply into the grid. The transmission
optimization measure will improve the interconnection and adoption of advanced
transmission, management of technologies. This will enable smart grids and metering to

enhance energy storage.

7.3.2.4 Local Solar Program and Educational Initiative

Government implementing the solar national program will provide quick response to the
energy needs of the citizens by making PV system prevalent for generation over existing
infrastructure due to quick installation. This will enhance renewable integration
independently from the main grid with a new inverter, transmission, and interconnection.

The smart-grid applications will enable people already using solar PV electricity to continue
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importing and exporting. In addition, mandate commercial banks in financing small and large
renewable energy capacity projects across Nigeria. This will encourage future training
workshops on specialized operation, technical and financial aspects of large-scale solar
projects in addition to technology risk and feasibility to innovative financial instruments in the

country.

Solar programs can promote competitive advantage at local-regional levels and strategic
choice towards solar energy application in the country. The educational initiative for
awareness creation of large-scale solar projects, which ensure success in installation or
construction. This program encourages all stakeholders’ involvement with consultation on
land rights for the permission process, research, innovation and market programs for
deployment in Nigeria. The government implementing local learning by doing operation while
financing through financial institutions can promote the rapid deployment of the PV system
to reduce the cost of PV system development. This may flow from insurance companies, stock
exchange market, community and local source of finance through communities or

cooperative society across the country.

Government introducing economic evaluation methods for financial viability can be most
profitable for long-term RE investment such as life-cycle cost (LCC), Levelized cost of
electricity (LCOE), Net present value (NPV), Benefit/cost ratio or savings-to-investment ratio
(SIR), internal rate of return (IRR), discounted or simple payback (DPB) and overall rate-of-
return (ORR) including EE program for operational evaluation. These depend on the level of
energy conservation and the maximum benefit from conservation, technical experts and
building owner. These multiple techniques for evaluating economic performance are
combined with risk analyses to improve decisions in energy efficiency and renewable energy

investment.

These methods will support the goal of achieving economic efficiency that differs from
engineering technical efficiency. However, economic performance in a variety of ways
depends on decision maker performance with respect to NPV, LCCs, cost of energy, the rate

of return, years of payback or ratio under the condition of uncertainty. These risk assessment
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techniques reflect on the risk exposure of project and decision maker attitude to risk. There
could be used to decide whether to invest in a given RE system or EE, to determine whether
the system size design is economically efficient; find systems and components expected to
have cost- effective; estimate how long before a projected breakeven in order to decide

energy-related investments that can provide the highest rate of return to the investor.

7.3.3 Technical Element

7.3.3.1 Public-private partnership

This key approach for achieving long-term research and development and demonstration
(R&D&D) can lead to design success and this might enable Nigerian government not to impose
local content requirements on developers of the solar project rather encourage foreign and
private investors to be competitive in reducing the price of solar energy systems for
consumers. This is crucial, as it will increase public RD&D funding to accelerate the process of

PV deployment in short-term due to public-private sector involvement in Nigeria.

7.3.3.2 Establish Standards and Codes/Certificates

This requires better handling of PV products safety and quality assurance in terms of
confidence by the Nigerian government. This development guideline guaranteed quality
along with value chain and reuse/ recycle of PV components, in turn, permit the increase of
variety deployment of PV technologies. The priority should focus more on internal standard
and codes for PV system industry based on multifunctional products and the power supplier
of interconnection issues. For example, building integrated PV (BIPV) can support the utility
grid during greater demand period due to high-energy efficiency. This is because solar BIPV

can reduce energy cost for building owners mostly with energy system integration.

7.3.3.3 Best Practice, Mobilizing and Monitoring Impact

Nigeria with abundant solar energy requires best practice to support PV technology
development for environmental protection as well as avoid deployment barriers for local

expertise. Nigerian economy with solar energy significant value a mechanism for climate
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protection and rapid PV deployment for rural electrification and economic development. This
help avoids administrative hurdles, reduce unit costs and improve industry competitiveness

based on successful technology from information transfer.

This help builds favourable constituencies to organize implementation and thus with
commitment and resources make change happen. It also helps build consensus between the
government and civil society because, the task includes identifying, activating and pursuing
action to create, develop and carry out steps essential for interpreting aim and objectives into
results including trained constituency and funds among organizational structures. For
example, decision-makers monitoring impact systems can monitor implementation progress
alerts as well as intentional and unintentional impacts of implementation efforts due to the

obstacles in Nigeria.

The monitoring will help establish policy analysis and implementation unit in assisting the
present administration to improve policy decision-making with a strong focus in pursuing and
achieving implementation results. This framework will help monitor action plan committees
in compliance with plans from problems observed to reduce unnecessary regulation in the
country. This will enable policy-makers to consider cost-effective policy in driving the impact
of policies to realize the objectives, which depends on government role for PV system solar
power generation development. This is because effective Policy implementation can achieve

a cost reduction of technology development for business activities.

7.4 Implementation with Possible Outcomes

The findings in this study show 1) lack of government financial support to solar energy. 2) Lack
of public awareness. 3) A low national grid performance thus, proposes the following:
Financial provision to support the real-life application of solar energy system. Local-based
policy for price rate and loan facilities in making solar system electricity generation attractive
and tax reduction on equipment related to solar energy technologies. Increase public
awareness through programs because a large proportion of the public has little knowledge
about solar PV capacity. Collaboration between government and private organizations due to

potential benefits, environmental friendliness, legal requirements, and financial assistance.
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For example, government provision of subsidy for solar PV system development can attract
maximum benefit to end-users and suppliers, in addition, make utility grid performance

competitive access to independent power producers (IPPs) in the country.

Moreover, solar PV system development is government policy option due to the huge
technical potential. This will significantly contribute to emission (GHG) reductions for the
benefit of the country because government direct and indirect policies can reduce the cost of
a PV system, which is relevant to climate change, energy conservation and energy efficiency
for improvement of market distribution in Nigeria. This justifies the higher cost of solar PV
systems due to the greater value of electricity supply to consumers based on the competitive
advantage over conventional technology in Nigeria. The government, therefore, need to
strengthen regulatory policy for solar energy system development in terms of transparency

in transactions.

7.5 Summary

Solar PV system development requires government intervention and private sector
participation for financial supports and incentives in order to save cost. This innovative
research approach on demonstration and development shows that the PV system is feasible
and useful for electricity generation. The design framework is a good practice for
administration and management campaign in Nigeria. On one hand, Government effort
without RE policies implementation into law, on one hand, may not achieve 5 percent, 7
percent and 13 percent growths by 2020, 2030 and 2050 targets within the regulatory
guidelines. Solar potential benefits without government support, on the other hand, may not
be realized for investment opportunities. In this study, these frameworks might help
policymakers to understand and improve the implementation process and re-design policies
for effective action in favour of the society. It can also help facilitate the implementation of
policy documents with sufficient incentives to attract households and businesses into solar
system installation across the country. The proposed strategies may address the country’s
urgent electricity need to stimulate economic impact and entrepreneurial skills for the

development of PV systems in Nigeria.
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

This study provides an overview of PV use for electrical energy generation in Nigeria, and
proposes the use of solar Photovoltaic (PV) systems to meet electricity consumption to reduce
the tendency of depending on diesel-fuel generators in the future and addresses the
significance of the study. The term ‘Off-grid installation’ in this study, refers to solar PV system
that only generated electricity/power when utility power grid is always not available for
residential and commercial uses and this mostly installed is for charging of the battery for

night use during outages.

First, the study shows how the research questions were answered, secondly, discusses the
significance of the study and the knowledge claims and thirdly, proposes a recommendation
for policy, practice, and research based on data collected. The study focused on technical,
economic and policy perspectives respectively to address the challenges. The study targets
on how much electricity can be generated, the economic benefit from affordable solar energy
potential and policy implementation by government intervention for financial support and
incentives due to cost constraints. This study analyses the benefits of PV systems with solar
energy potential due to economic, technical, social, environmental and political impacts over
the existing conventional energy technologies based on comparative advantages and cost

analysis.

The theoretical analysis from data collection through questionnaire was used to understand
the population perceptions about solar energy use with PV technologies. The case studies
adopted were used to identify electricity generation, consumption, and payback period from
individuals and governments for installed PV systems due to financial decisions viability in the
country. The RET Screen software for accuracy was used for simulations to determine the
amount of electricity output with costs and emission reductions from different PV panel types
(mono and polycrystalline silicon) based on off-grid applications. The energy budget was
assessed using innovative financing (PAYG) model to ascertain energy consumption per user

against cost decision.
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Answering the research Questions

The aim of this study is to find out the relationship between solar energy potential currently
available with PV systems performance for electricity generation in an affordable and
environmentally clean way. The quantity of electricity that needs to be generated in
promoting PV installation which minimizes the gap between demand and energy supply in

Nigeria. Five main questions are addressed through this inquiry:

Research question 1: What could be the major barriers to solar energy application in Nigeria?

The barrier to solar energy application includes initial cost that slows PV system installations
and this requires financial supports and incentives through government and private
participation. The study data reveal that government incentives might reduce short-term
costs for long-term benefits in order to support PV investment, boost solar energy
deployment and make solar PV project relatively cost-effective. The data also show that the
majority of the populations are low-income earners who cannot afford a PV system that
hinders them from installation participation and this could contribute to socio-economic

development of the community and the economy.

Another barrier includes lack of funding and commitment by the government and the results
show that this might be a delay to the renewable energy project implementation because it
is yet to be passed into law due to the problem of bureaucracy and corruption. The data also
reveal that commitment to policy implementation through action might enforce private
participation and this could play a significant role in facilitating PV system deployment for
community development in Nigeria. It could also motivate states/neighbouring countries

participation and contributions to PV development.

Research question 2: What could be the policy barrier for solar application in Nigeria?

The barrier includes private sector participation, community, and legislature in decision-
making. The private participation generally perceived is all about resource mobilization for PV

electricity generation investment. The drafted policies from national authorities obliged
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private sector participation has not been implemented, will require private sector
participation to adhere to the decision in the implementation of the national policies, and
directives. The study data show that policies can be used to enhance private participation
because it makes them aware they are responsible to participate in the development

activities.

The barrier to the private sector and community participation includes lack of involvement in
government policies decisions. The lack of financial support may be because they are not
consulted about the policies during formulation and lack of motivation due to lack of funding
suggested a passive response to PV development by the participants. This is because an
individual/developer had little influence on the decision. The results reveal that private
funding with community funding could supplement governments funding that is insufficient.
The study data reveal that the government had no sufficient funds to support except with

private sector support for PV system development.

Another barrier includes strategies from national energy policy for solar PV, which were not
effective for private sector participation. This is because among the people, the policy
awareness is limited due to lack of understanding about the information contained in the
policy document and this could be influenced negatively on the motivation for participation
from the study participants. However, this study aims to encourage government
implementing the policies through commitment and contributions in terms of financial

support and incentives.

Research question 3: To what extent does the initial cost of PV installation affect solar

application and implementation?

The PV system off-grid applications in four locations of the case study are generally applied in
school, office, home, and community. The installation is for individual purposes rather than
on policies and strategies in the document. However, the data show that individual
participation was limited due to a lack of funding ability because participation levels for the

PV system development are generally low. This is because not everybody can afford the
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system cost and data show that the government and private participation should be

responsible.

The results show lack of knowledge about PV systems is stopping people from an installation
that requires support through programs/incentives, training and workshops to promote
awareness for the benefit of rapid use in the country. This is needed because many homes
and residential households lack electricity and they are more than 50% of the country’s
energy consumers in addition to rural areas without access to the grid. The results show that
home adoption of PV systems is most preferred because many individual households cannot
afford the initial cost of the system. In addition, the application of PV systems could be a

renewable market in Nigeria.

Research question 4: What are the environmental, economic and social benefits of solar

energy application in Nigeria?

The results show that the benefits perceived by the private sector and community
participation may facilitate PV deployment. This is because education, programs, and training
benefits could result in emission reductions, generation performance, and job creation in
order to encourage the private sector and community involvement in PV development. The
data reveal that participating in PV development by the rural-remote community areas could
be for electricity access distribution. The data also show that investment increase may further
boost PV installation for economic, social, environmental and technical benefits thereby
improve quality of life, reduce poverty rate from jobs opportunities and income generation

and overall economic growth.

Research question 5: What are the environmental and economic challenges for solar energy

development in Nigeria?

The use of fossil fuels leads to a shortage of electricity supply and outages including rapid
deforestation, air, and water pollutions as well as climate change due to GHG emissions. The
results show that the PV system might help to curtail the electricity outages with solar

abundance and reliability in turn help supplement the existing supply from the utility grid.
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The study also reveal that solar energy is an innovative solution towards sustainable
development and economic approach towards minimizing the impact of electricity generation

on the environment.

Research question 6: What major role can solar PV play in addressing the insufficient power

supply problem in Nigeria?

The data reveals that the solar PV system might contribute to socio-economic development
based on the adequate electricity generation and supplement energy supply to meet the
energy demand of the citizens. This study provides in-depth awareness/understandings of the
perceptions/opinions, real-life proofs/practices and the barriers to PV system development
for electricity supply. It also provides research-based data of value to regulators,
policymakers, energy service providers/developers/installers, customers/end-users,

professionals, investors, administrators, group activists, and researchers.

The findings suggest that more people preferred the solar system used to the generating set
and fossil fuels that have negative impacts on the people’s health and the environment (land
degradation, air, and water). This shows that solar energy is important in repairing Nigeria’s
damaged environment. The independent electricity generation in terms of self-reliance with
the system can easily meet energy demand to improve people’s standards of living whereas
the electricity access will help enhance energy efficiency in the power sector. The conclusion
of this study also reflects on the contribution based on background, theoretical, and empirical

significance.

Background Significance

This study provides an understanding that Nigeria abundant and reliable solar energy
resource can be utilized to supplement the existing energy supply to cover the shortage and
electricity access. This may achieve a reduction in the use of heavy diesel generator for
household activities. The data from this study contribute to knowledge about public
awareness in public and private sectors critically for rapid promotion of PV developments.

From the results, electricity to meet the country’s demand is urgently needed. This study also
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generated a piece of new knowledge about the use of insurance and capital markets to
facilitate solar technology development. In addition, the results show that government
commitment and support with incentives for private participation can pay PV generators for

generating electricity to meet the energy needs of the country.

Theoretical Significance

The study establishes that the off-grid decentralized application can be dominant for the
provision of electricity supply and capacity-building programs in the country. The results show
that decentralization can bring electricity access to rural villages and supports for lower
income earners. However, a comprehensive framework could be used to increase private and
community participation. The framework can be used by researchers which can be useful for
explanation of initiatives and strategies and also be useful in advancing knowledge for local
finance sourcing initiatives. Moreover, the theoretical framework could be useful to
institutional and legislative structures in understanding and interpreting policies through

collaboration.

The results show that training and workshop programs might provide critical skills in
managing PV installations. They also show that good performance of solar PV systems due to
proper installation can as well provide a good and reasonable return on investment from
generation and consumption. This study also establishes that the Nigerian government
focusing more on sustainable future will help pursue economic diversification to reduce
impacts of climate change. This is because solar energy implementation and application for
electricity generation can significantly resuscitate the damaged environment, eradicate
poverty and improve livelihood, in addition increase local businesses, employment, and

productivity in Nigeria.

Empirical Significance

This research provides knowledge that contributes to the understanding of solar PV

performance and the roles: The evidence from existing PV system case study’s projects shows
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solar PV systems had a good performance that satisfied solar electricity customers due to

well-designed installation with the following examples:

Case study 1 invested GBP36, 612 (N14, 828, 000), generated 72,576 kWh, consumed 66,799
kWh, realized GBP16, 312 (N6, 606, 490) annual return and payback in 2.2 years. Case study
2 invested GBP15, 889 (N6, 435, 000), generated 16,243 kWh, consumed 5,530 kWh, realized
GBP708 (N286, 550) annual return and payback within 16 years. Case study 3 invested GBP3,
328 (N1, 348, 000), generated 9,677 kWh, consumed 6,445 kWh, realized GBP1, 584 (N641,
550) annual return and payback in 2 years. Case study 4 invested GBP8, 309 (N3, 365, 000),
generated 14,076 kWh, consumed 7,359 kWh, realized GBP1, 583 (N641, 240) annual return

and payback within 5 years.

Case study 5 invested GBP7, 580 (N3, 070, 000), generated 12,420 kWh, consumed 7,359
kWh, realized GBP1, 619 (N655, 990) return annually and payback within 5 years. Case study
6 invested GBP588 (N238, 000), generated 648 kWh, consumed 467 kWh, realized GBP97.5
(N39, 470) return annually and payback 6 years. Case study 7 invested GBP1, 235 (N500, 000),
generated 2,880 kWh, consumed 156, realized GBP42 (N17, 160) annual return and payback
in 29 years. Case study 8 invested GBP3, 521 (N1, 426, 000), generated 9,216 kWh, consumed
7,319 kWh, realized GBP1, 812 (N733, 790) annual return and payback within 2 years.

Case study 9 invested GBP8, 602 (N3, 484, 000), generated 7,884 kWh, consumed 3,214 kWh,
realized GBP443 (N179, 340) return annually and payback within 14 years. Case study 10
invested GBP37, 383 (N15, 140, 000), generated 35,040 kWh, consumed 9,979, realized
GBP841 (N340, 690) annual return and payback within 24 years. Case study 11 invested
GBP25, 975 (N10, 520, 000) and generated and consumed 71,552 kWh, realized GBP19, 434

(N7, 870,720) return annually and payback within 2 years.

This study utilized multiple approaches for data collected from four different locations in both
urban and rural communities whereas the previous studies adopted a single context
respectively. The use of multiple methods in this study shows detail understanding of PV
installation cases from different location designs. The quantitative approaches such as case

studies and questionnaire are the main data collection tools. The questionnaire did not
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provide in-depth data for the understanding of the phenomenon. However, the data may help
regulators assess the exact cost for the amount of electricity to be generated and

consequently checkmate users’ exploitation by suppliers.

The results reveal that simulation used to determine the amount of generation from off-grid
PV installation might facilitate the technology development for the reductions of emissions
and pollutions. In the context of financial resources that are not available, financing model
(PAYG) was used to ease the burden of cost from the energy users, which shows that costs
might be associated with energy budget for Nigerian consumers. This study contributes to
knowledge for the individual understanding of PV performance and the exact costs for

installation, generation, and consumption.

8.2 Recommendations

Policy Recommendations

The study shows that national policies to guide people lack transparency and ineffective. The
lower income source shows that the government should be responsible to fund the system
including public awareness through training. Government policy process should be sensitive
to energy needs and focused on local priorities for economic growth and development. The

following are policy recommendations:

1. The regulators and policy decision makers should consider the integration of other
renewables with reasonable tariffs. To implement CDM for selling carbon credit in acquiring
RE technologies that could massively be used to reduce the cost of emissions for health

benefit due to climate change and making solar PV market competitive in Nigeria.

2. The government should introduce public funding to encourage foreign solar company’s
cooperation with local developers and real estate investment trust (REIT) for capital utilization

in Nigeria.

3. The government should focus on new scheme solutions for promoting sustainable energy

use. For example, policy and decision makers should consider incorporating trust fund
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scheme for the local community who are beneficiaries of such policies. This is because
establishing programs and schemes can facilitate basic access needs such as education,
energy services, goods and services, conducive environment, transportation, communication,

and other socio-economic activities for economic growth and development in Nigeria.

4. The government should collaborate with well-informed professionals, legislative,
regulatory and proactive organizations and other related groups on renewable issues for new
electricity market. The regulations should provide an avenue for local funding from financial
institutions such as cooperative society, insurance companies, local communities and councils
due to the market complexity. This can ensure that PV systems compete favourably for
massive deployment within the state’s country and neighbouring countries because joint
efforts with closer neighbouring countries could help raise fund for utilizing RETs effectively

and maximize electricity output generation potential for revenue and wealth creation.

Recommendation for Practice

1. The governments and the private sector should develop a dispatchable CSP system for PV
cost reduction. They should have a joint partnership with NGOs, the communities and
Gencos/TCN/Discos to ensure maximum growth and best practice in monitoring, auditing,
reporting management of PV grid-connection for effective delivery for the interest of
government actors and players such as the regulators and policy makers, developers, and

consultants in Nigeria.

2. The government should implement FITs incentives for generators and also leasing for
rooftop space due to the cost of land space by independent generators for PV design. The
government should educate building architects, engineers, and developers for proper PV
installation in order to avoid future failure. In addition, the government should collaborate
with professionals and educate design installer for solar projects to prevent weak

performance due to the effect of local factors.

3. Solar home/distributed solar systems designs on household buildings should be

recommended because it is profitable and can eliminate the possibility of individual system
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theft and maintenance. For example, mini-grids for estates, communities and business
organization should be designed because adopting this opportunity could help reduce CO;
emissions faster in residential places, which emits more of GHGS. This could help cut the cost

of electricity in homes, mechanical farming, irrigation, parks, beaches, etc.

Recommendation for Research

This research shows that solar PV system is a viable strategy for electricity generation and
financial support from the government, private and community participation to rapidly
facilitate the development. In addition, cash is significant for renewable energy policies to be
successful and development of PV systems in Nigeria. This study was limited to four locations
in Nigeria due to time constraints and resources that requires further investigation.
Furthermore, research on renewable hybrid system development is required for sufficient

generation to mitigate climate change (GHG emissions) nationwide.
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APPENDICES

Appendix 1 from chapterl provides additional information with table of the world electricity
grid-connected generation supply with indication of poor state of Nigeria electricity
generation and supply regarding the country statistics of electricity generation and per capita
consumption around the world; the World net solar electricity generation from 2010-2040
(billion kilowatt hours) by region and country; the 2009 World electricity access aggregates;
the population of Developing Countries without Access to Electricity (Million) and the Africa
Population without Electricity (millions). Appendix 2 from chapter 1 provides additional
information with table of Nigeria electricity distribution companies; the 2010 distribution of
Households electricity supply access by types; the Electricity Grid-Connected Generation and
trends in electrification rates per State in 2010-2020. Appendix 3 from chapter 3 provides
additional information the selected methods pros and cons compared and analysed table and
RET Screen Pros and Cons table and solar PV system advantages and disadvantages. Appendix
4 represents the administered designed questionnaire to the participants for collection of
data from case study. Appendix 5 from chapter 4 provides additional information on solar PV
system module specifications with selection of Sunpower and Suntech that mostly used for
the installation from case study and both have good conversion efficiency performance.
Appendix 6 represents RET Screen simulation cumulative cash-flow with example of 33 kW

installed.
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APPENDIX 1

Appendix 1a Table: Country Statistics of Electricity Generation and Per Capita Consumption

around the world

Continent | Country | Population (Million) | Power Generation | Per- capital
Capacity consumption

North United 250.00 million 813,000 MW 3.20 kW

America states

South Cuba 10.54 million 4,000 MW 0.38 kW

America

Europe United 57.50 million 76,000 MW 1.33 kW

Central Kingdom

Europe Ukraine | 49.00 million 54,000 MW 1.33 kW

Eastern

Middle Iraq 23.60 million 10,000 MW 0.42 kW

East

Far east South 47.00 million 52,000 MW 1.09 kW
Korea

Africa South 44.30 million 45,000MW 1.015 kwW
Africa
Libya 5.50 million 4,600 MW 1.015 kW
Egypt 67.90 million 18,000 MW 0.265 kW
Nigeria 170.00 million 4,000 MW 003 W

(Source: Chrisdonasco 2013).
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Appendix 1b Table: World net solar electricity generation by region and country from

2010-2040 (billion kilowatt hours).

Region/Country | Projections Ave.
Annual
%
Change
2010-
2040

OECD 2010 | 2015 | 2020 | 2025 | 2030 |2035 | 2040 | 2010-
2040

OECD Americas

United States 4 32 37 40 46 62 99 11.2

Canada 0 1 1 1 1 1 1 -

Mexico/Chile 0 0 0 1 1 1 1 -

Total 4 33 38 42 48 64 101 11.1

Americans

OECD Europe 23 78 85 89 94 98 102 5.1

OECD Asia 5 12 22 33 39 50 50 8.1

Japan 4 7 14 23 29 39 39 8.1

South Korea 1 1 2 2 2 2 2 3.6

Australia/New |0 4 6 8 8 9 9 -

Zealand

Total OECD 37 135 167 197 220 262 303 7.86

Non-OECD

Non-OECD

Europe &

Eurasia
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Russia 0 0 0 0 0 0 0 -
Other 0 0 1 1 1 1 1 -
Total Non- | O 0 1 1 1 1 1 -
OCED

Non-OECD Asia

China 1 26 67 79 90 100 105 17.0
India 0 3 7 13 14 17 20 -
Other 0 2 2 2 3 3 4 -
Total Asia 1 31 76 94 107 120 129 17.2
Middle East 0 2 9 16 22 44 47 -
Africa 0 0 8 13 15 18 21 -
Central & South

America

Brazil 0 0 0 0 0 0 0 -
Other 0 1 1 1 1 1 1 -
Total Non- | 1 34 94 124 145 183 198 18.6
OECD

Total World 38 169 261 321 365 445 501 9.1

(Source: GIZ 2015).
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Appendix 1c Table: World Electricity Access Aggregates (2009)

Country Population Electrification Urban Rural
without Rate (%) Electrification Electrification
Electricity Rate (%) Rate (%)
(millions)
World 1317 80.5 93.7 68.0
Africa 587 41.8 68.8 25.0
North Africa 2 99.0 99.6 98.4
Sub-Saharan 585 30.5 59.9 14.2
Africa
Developing Asia | 675 81.0 94.0 73.2
China and East | 182 90.8 96.4 86.4
Asia
South Asia 493 68.5 89.5 59.9
Latin America 31 93.2 98.8 73.6
Middle East 21 89.0 98.5 71.8
Developing 1314 74.7 90.6 63.2
Countries

Note: The World includes OECD and Eastern Europe/Eurasia (Source: Javadi et al, 2013).
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Appendix 1d Table:

Population of Developing Countries without Access to Electricity

(Million)
2009 20320 Projection
Countries Rural Urban Share of | Rural Urban Share of
Population Population
(%)
Africa 466 121 58% 539 107 42%
Sub-5ahara Africa 455 121 59% 538 107 49%
Developing Asia 595 a1 19% 327 49 9%
China a 0 1% 0 0 0%
India 268 21 25% 145 = 10%
Rest of Dewveloping | 319 60 36% 181 40 16%
Asia
Latin America 26 4 7% a8 2 2%
Middle East 15 2 11% 5 0 2%
Developing Countries | 1106 208 25% 879 157 16%
World 1109 208 19% 279 157 12%

(Sources: World Energy Outlook IEA Publishing © OECD/IEA 2011).

www.iea.org/t&c/termsandconditions
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Appendix 1e Table: Africa Population without Electricity (millions)

Country Electrification Rate (%) Population without
Electricity (millions)

Malawi 9 12.7
Uganda 9 28.1
DR Congo 11.1 58.7
Mozambique 11.7 20.2
Tanzania 13.9 37.7
Burkina-Faso 14.6 12.6
Lesotho 16 1.7
Kenya 16.1 334
Ethiopia 17.1 68.7
Zambia 18.8 10.5
Madagascar 19 15.9
Togo 20 5.3
Benin 24.8 6.7
Eritrea 32 3.4
Namibia 34 1.4
Sudan 35.9 27.1
Gabon 36.7 0.9
Congo 37.1 2.3
Zimbabwe 41.5 7.3
Senegal 42.2 7.3
Botswana 45.2 1.1
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Cote d’lvore 47.3 11.1
Cameroon 48.7 10
Nigeria 50.6 76.4
Ghana 60.5 9.4
Mauritius 99.4 0
Sub-Saharan Africa 30.5 585.2

(Source: Hailu, 2012).
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APPENDIX 2

Appendix 2a Table: Nigeria Electricity Distribution Companies

S/N | NAME ADDRESS AREAS COVERAGE STATE
LOCATED
1 | Abuja electricity | Wuse Zone 4 | FCT, Niger, Kogi & | Abuja
distribution company Abuja Nasarawa
2 | Benin electricity | No. 5 Akpakpava | Edo, Delta, Ondo & | Benin
distribution company street Benin-city | part of Ekiti
3 | Eko electricity | 24/25 Marina | Lagos Eko
distribution company Lagos
4 | Enugu electricity | No. 12 Station | Enugu, Abia, Imo, | Enugu
distribution company Road Okpara | Anambra & Ebonyi
Avenue Enugu
5 | Ibadan electricity | Capital Building | Oyo, Ogun, Osun, | Ibadan
distribution company 115 Ring Road | Kwara & part of Ekiti
Ibadan
6 | lkeja electricity | Secretariat Road | Lagos Ikeja
distribution company Alausa lkeja
7 | Jos electricity distribution | No. 9 Ahmadu | Plateau, Bauchi, | Jos
company Bello way Jos Benue & Gombe
8 | Kaduna electricity | Nagwamatse Kaduna, Sokoto, | Kaduna
distribution company Building Ahmadu | Kebbi & Zamfara
Bello way
Kaduna
9 | Kano electricity | No. 1  Niger | Kano, lJigawa & | Kano
distribution company Street PMB 3089 | Katsina
Kano
10 | Port-Harcourt electricity | No.42  Obiwali | Rivers, Cross-Rivers, | Port/Harcourt
distribution company Road Rumuigbo | Bayelsa & Akwa-
P/Harcourt Ibom
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11

Yola electricity
distribution company

No. 2
Abubakar
Jimeta Yola

Atiku
Road

Yola,
Borno & Yobe

Adamawa,

Yola

Appendix 2b Table: Households Electricity Supply Access by Type

PHCM IREFA] Rural ELaciri- Frivata FHCH f | Fe=rad Blecericity
Stats enly Tiatiea® E<naraber Eamaratoe § Gomarador Solar Pamsal
& bia 9.5 [ [ 5.0 a1 3.0
Adamaws 9.5 25 1.5 LB Lo 3.0
& lowa Ibom EZ.8 D& 75 131 e 1.0
A mambra a1.o T 1.8 5.6 ] 3.0
Sauchi 7= B0 i 7.4 3.4 1.0
Bayels= 3.1 TR z3 23 TE 3.0
denus BB [T 2T 0.E 3.4 1.0
Sorno TS &1 T &1 .o 3.0
Cross Rier FLY 63 s L& oo 1.0
Jela 935 7 LS = LE 3.0
Ty 785 12,7 T i T.0 1.0
=do 73.1 z1 -z z 7 T 3.0
B 1.1 ] na 55 [ 1.0
E——— T=.0 155 1.3 55 LE 3.0
Gomibe T £ T FX oo 1.0
— B5.& 50 Z1 TS .o 3.0
Jdigawa RS [ T 6.3 ] e
¥adsma 358 51 z0 T.6 0.5 3.0
wanc a7.o 5.0 T &.D 3.0 1.0
walzina BDLS 18T T e .o 0.5
T BEA 1.5 S 1 1.0
%D 9.z =3 i 5.8 3.0
o ars 72.8 1.3 o3 i FE] 1.0
Lagos 15 1.2 Lz 3.5 0.2
Masarawa 7E.0 [ .z 3.0 1.0
w.ger 75z 1.3 0.5 .o 0.4
Ogu= [T 0.3 T ;! oo 1.0
ando 875 D3 z5 z5 5.E 3.0
asan 0L D0 [ 1 2.0 1.0
oyo 17 s s 1.5 .o 3.0
Flaizas 2.5 1.3 1.3 L) 1.0
Fvers &5 263 5T LD .o 3.0
Sckmo 0.4 £ [ LE 1.4 1.0
Taraba B5.7 oo b0 [T oo 3.0
Yobo 7.0 &% 11 .S 3.4 3.0
Ta=dara 370 &5 b0 ) s 3.8
FOT A baja ET.& [ i3 m 7.2 3.0
Sacior
Urban B3LZ FE] o3 113 2. 3.0
Fural 15 75 za 5.2 z.4 X
Mationa BZZ 5E 1.5 B.i I 1.
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Appendix 2c Table: Electricity Grid-Connected Generation

Year Ave. Gen. | Max. Peak | Max. Daily | Total Energy | Total Energy | Per
Availability | Generation | Energy Generated Sent Out | Capita
(MW) (MW) Generated | (MWh) (MWh) Energy
(MWh) supply
(kwh)
2007 3,781.3 3,599.6 77,322.3 22,519,330.5 | 21,546,192.2 | 155.3
2008 3,917.8 3,595.9 86,564.9 18,058,894.9 | 17,545,382.5 | 120.4
2009 4,401.8 3,710.0 82,652.3 18,904,588.9 | 18,342,034.7 | 122.0
2010 4,030.5 4,333.0 85,457.5 24,556,331.5 | 23,939,898.9 | 153.5
2011 4,435.8 4,089.3 90,315.3 27,521,772.5 | 26,766,992.0 | 165.8
2012 5,251.6 4,517.6 97,781.0 29,240,239.2 | 28,699,300.8 | 176.4
2013 5,150.6 4,458.2 98,619.0 29,537,539.4 | 28,837,199.8 | 181.4
2014 6,158.4 4,395.2 98,893.8 29,697,360.1 | 29,013,501.0 | 167.6
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Appendix 2d Table: 2010-2020 Trends in Electrification rates per State

- 8
N No. of Households as % o Homldlwld |Hous?l:,<;l:: wil Aomal gowth] ™ " !Eiloex:: .l No. of Housebald with Electricity
o State with Electricity as o rate of
of 1997 (*1) o Electricity as of
of 1997 (*2) 1097 |consvmers Ca)f 2006 | 2010 | 2020 | 2006 2010 2020
50.301 2 17] 21
593,479 77,924 271 20| 23| 37| asnt01| 204752 430492
686,178 13 90,095 20| 20| 23| 37| 175859 236734 | 497,734
592,137 13 77.807 77| 20| 23| 37| 151866 204431 | 429.794
1.074,392 14 145,902 769 20| 24| 38| 284184 382.194| 801,663
426,284 17 72,553 749 25| 30| 46| 139031| 185628| 382367
819,259 17 139.438 749 25| 30| 46| 267108 356753 | 734857
788,111 17 135,003 749 25| 30| 46| 258.365| 345.146| 710,537
400.682 19 75,720 739 27| 32| 0| 143826 191270| 390,008
416,196 25 102,759 706 39| 46| 69| 189857 249413 493343
608,334 25 150,198 706 39| 46| 69| 277.505| 364554| 721,006
547,224 29 159,954 680 40| 47| 68| 280196 376273| 726572
345,773 3l 108,607 668 43| 49| 71| 194326 251669 480372
602.456 31 189.231 668 43| 49| 71| 338383 438495| 836973
1,663,337 3 538256 662| 44| 51| 72| 958700 1239.106| 2353218
725,970 34 248,035 651 46| s3] 75| 439310 565469 | 1,062,926
601,745 35 210,069 643| 47| 4| 76| 369621 475140| 890,189
689,703 36 246,638 643| 47| 55| 77| 432200 554,578 | 1034327
693,215 42 288,932 610 54| 61| 83| 492124 623542| 1126789
1,126,632 43 479,607 605| 55| 62| 84| 13402 1,028655| 1850037
614,828 50 309,996 s60| 62| 70| 0| 506218 629.499 | 1,085,526
321,102 52 167,069 sst| 64| 7| o1 270706 335469 573511
912,575 52 474813 ssi| 64| | o1|  769.348| 953408 | 1.629.926
547.388 287,587 464 94 575,611
i 61 i 32 3 a1
741,568 62 462,204 712,530 | 863,590
621,770 63 388,855 o6 ses757| msse| 1171sis
299,509 450021 | 539288 |  $47.795
436,539 1,188,952
1,289,056
386
1,042.007 [ 1,551,263
{ 1,101286 | 1289986 | 1.915,566
1,638,903 96| 1577936 300 96| 96| 97| 2.058848| 2317.252| 3.114.193
25.475.400 44| 11.263.648 604 53| 58| 75| 17.776.220] 21.870.672| 37.168.770

(Source: NERC Archive, 2014).
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APPENDIX 3

Appendix 3a Table: Compared and Analysed Pros and Cons of Selected Methods

Methods

Advantages

Disadvantages

Quantitative

Reliable and valid because
they employ prescribed
procedures.

Eliminate bias in a study
because they involve many
cases and few variables
that prevent researchers
from using subjects known
to them.

Enable researchers to
correlate independent and
dependent variables to
determine causality within
a study framework.

Allow  researchers to
conduct a broad survey
that involves many
subjects and
generalization of findings.
Yield accurate results.

Rigid and less detail on the
motivation, attitudes and
behavior of study subjects.

Qualitative

Explore wide array of
dimensions of social world
including  texture and
weave of everyday life
Understandings,
experiences and
imaginings of research
participants.

Involve small sample size
undermine opportunities to
draw useful generalizations

for broad policy
recommendations upon
findings (Dale  Brubaker,
2008).

Non-consistent conclusions.
Data gathering and analysis
often time consuming and
expensive.

Requires high level of
experience from researcher
to obtain targeted
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information from the
respondent.

Questionnaire

Anonymously completed
and less expensive.

Easily distributed and data
compared and analysed.

Inadequate feedback.

High possibility of low return.
Participants’ response can be
biased and the response may
not reflect the research topic.

Interview

Researcher or interviewer
may develop good
relationship  with  the
interviewee.

Can cover a wide range of
issues relating to the topic.
It provides high response
rate.

Difficult to remember all the
information collected.

Costly to administer and
transcribe the recorded
information.

Interviewer may be bias for
not understanding  the
interviewee responses.

Small Focus
Group

Useful when participants
are more willing to discuss
the topic in front of peers.

Participants’ answers can
inform others.

Group ideas generated
may not be available in
one-one interviews.

Researcher acts as
facilitator/moderator but
level of moderation

depends on participants
and Ethical considerations

Time constraints or
accessibility an issue for a
researcher.

Generally difficult to record
and moderate and tape
recording necessary with a
separate note taker neither a
researcher nor a participant.

with regard to
confidentiality (Glesne,
2006).
e Difficult and time consuming
Case Studies Provide detailed to collect data and analyse.
information about
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and results.

research topic, processes o

e Powerful method of data
gathering and reflective.

Require patient.

e Behaviour from scenario may

Observation e Event can be monitored as not represent the topic
they occurs. research.
e More detailed information
can be gathered from data
source.
(Source: Cathy Gibbons and Workshop, 2014).
Appendix 3b Table: Solar PV System Pros and Cons
ADVANTAGES DISADVANTAGES
Renewable Expensive
Abundant Intermittent
Sustainable Energy storage expensive
Environmentally Friendly Associated  with  little  pollution at

manufacturing stage

Good Availability

Exotic materials at manufacturing stage

Reduces Electricity Costs

Requires space mainly for solar farm

Many Applications

Shared Solar

Silent

Financial Support from Government/State

Low Maintenance

Technology is Improving

(Source: Mathias Aarre, 2014).
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Appendix 3c Table: RET Screen Software Compared and Analyzed Pros and Cons

RET Screen Model

Advantages

Disadvantages

RET Screen Software

It evaluates energy
production, life-cycle costs
and greenhouse gas
emission reductions for
various types of energy
efficient including
renewable energy
technologies.

It speeds up project analysis
and test results are without
weakness.

It is a great approach for
decision making by the
policy makers in making bold
and confident decisions.

It also includes product, cost
and weather databases as a
detailed online user manual
and free access.

The  product Database
provides users access to
contact information for
more than 1,000 clean
energy technology
manufacturers around the
globe including  direct
websites and internet links
within RET Screen software
and this website
(marketplace).

Result of the
simulation can be
difficult to interpret.

The simulation
modelling and
analysis can be time
consuming.
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It currently have modules
for evaluating wind energy,
small hydro, solar PVs,
combined heat and power,
biomass heating, solar air
heating, water heating,
passive  solar  heating,
ground-source heat pumps
and refrigeration.
www.retscree.net
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APPENDIX 4
Research Topic
Implementation and application of Solar Energy in Nigeria
Fieldwork

Fieldwork is an educational research process undertaken to administer questionnaire to
participants in the case study. The questionnaire method for collection of data from the case

study.
Methodology

Design questionnaire administered to participants during fieldwork used to assess installed
PV system roof-top buildings or ground-mounted is sub-divided into three sections: Section
1: the general question for answer from participants by filling through ticking/circle the
appropriate option on the dash spaces. Section 2: to address technical, economic and policy
aspects based on people’s perception about the subject matter. Section 3: compares the
existing conventional energy plant and the installed solar PV system for electricity based on
generation, cost and emissions. Section 2 and 3 focus mainly on group of participants with

understanding of PV operation for feedback on the dash spaces.

Please kindly answer all the questions. The responses will be anonymous and strictly

confidential.
Section One: General Question (Please tick/circle the appropriate box)

1. Whatis your sex? Male [ ] Female [ |
2. Whatisyourage? 18-25 | | 26-40| | 41-59[ |  60andabove [ |

3. What is your Occupation? Government staff............ Student............ NGOs......... Self-

employed........... Others............... (Please specify)
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10.

11.

12.

Do you agree to the PV system installation in homes than commercial areas? Please
specify Yes ] No L]

Do you prefer PV system to the existing conventional energy? Yes[ |No ]

Do you think PV will help reduce your electricity consumption from the existing
energy? Please specify Yes [ ] No [ ]

Do you use the following items powered by installed PV system? (Please circle or tick)

Home Office
Radio Yes No Yes No
TV set Yes No Yes No
Video cassette recorder  Yes No Yes No
Telephone Yes No Yes No
Refrigerator Yes No Yes No
Washing machine Yes No Yes No
Microwave Yes No Yes No
Lighting Yes No Yes No
Computer Yes No Yes No
Fan Yes No Yes No

(0] 1 o 1T S (o] 1T YTy o T=T o 1 1Y) SO OO
What time of the day do you use these appliances? Morning |:| Afternoonl_]
Night [ | Noneoftheabove [ |

Which of the above appliances do you use more often throughout the day? (Please
LY 01T o117 PRSP
What is the PV capacity (kW) installed in your building?

<5 |:| >5-20 [ ] >20-50 |:| >50 and above |:|

Are there suppliers of PV system including cables, inverter and battery in Nigeria?
Yes [] No [ ] if yes please
Y 1= oL £ 70 R
Do you agree solar PV system depend on public funding? Yes [ | No[ ] Please
specify if
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13. Do you agree solar PV system depend both on public and private funding? Yes [] No[ ]
14. Do you think the citizens will profit more from use of solar energy in Nigeria? Yes []

NOD

15. Would you be happy seeing renewable energy implemented and applied in Nigeria?

Yes [ ] No [ ]
16. Would you prefer solar energy use to other renewable energy sources in Nigeria? Yes [

No please specify

Where would you want the PV system installed? (Please specify by ticking or circle)

17. Roof-top Yes No
Ground-mounted Yes No
Garden Yes No
Garage Yes No

18. What kind of application would you prefer most? (Please specify by tick or circle)
Standalone PV system with battery for storage Yes No
Grid-Connected PV system Yes No

19. How would you rate the overall quality and capacity of the PV system installed?

(Please specify by tick) Poor performance |:| Good performance |:| Uncertain|:|

Bad [ ] VeryBad |:|

20. Do you think there would be market for renewable energy including solar PV system

inNigeria? Yes [ ] No [ |Please SPecify if ...

21. Is solar energy viable resource for investment in Nigeria? Yes [ ] No[]
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22.

23.

24,

25.

26.

27.

28.

29.

Is the country vulnerable to climate change to warrant solar application? Yes [ Nol_]

Please specify

Does the use of solar energy help solve the long term electricity shortage problem in

Nigeria?  Yes [ | No [ | Please specify

Are the existing power generators causing inconveniences and environmental
threats? Yes ] No []
Is it cheap to use PV module/panel in Nigeria? Yes [ ] No [ ]

What is the power output generated from installed PV system for the following

applications? (Please specify by filling the box below) Household[ |  Industry ]

Commercial I:I Institution |:| Community I:I

What is the efficiency (%) used for the following systems? (Please specify by filling the

boxes below)

Stand-alone Grid-connected
Monocrystalline L1 L 1]
Polycrystalline

L] L]
Amorphous

L 1] 1
Inverter
Battery [ 1] ]

Is there any insurance cover for PV system in Nigeria? Yes L] Nol ] if yes please

Y 1= oL £ 70 R
Does the use of the PV system have any effect yet on your property tax in Nigeria? Yes |:|
No [ ] if yes please

Y =T 1 4V 2SS USRSPTT
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30.

31.

32.

33.

34.

Do the manufacturers provide warranty on the PV system used in Nigeria? Yes |:| No |:|

if yes please specify

Does your home have any of the following alternative sources of energy?

Biomass Yes [ | No [ ]

Hydropower Yes [ | No ]

Solar electricity Yes ] No [ ]

Wind turbine Yes [ | No [ ]

Currently, which renewable energy sources you do not have and considered installing
now? Please
SPECITY cvtettiiie et et ettt ettt st et et r et e sheebe st entene et benbe e eaae ehe et snersaerbenneenes sheshesneeneaerens

What do you think are the reasons properties have not yet installed a photovoltaic

system? Please tick below relevant (1 = Huge influence 5 = No influence)

Availability of energy in home 1 I:I 2 |:| 3 |:| 4 5 ,_|

Cost of installingaPVsystem 1 [ ] 2 [ ] 3| | 4 [__] 5 |:|
Period too long to recover costs of installation 1 |:| 2 |:| 3 |:| 4 |:| 5[ ]
Maintenance costs 1 [ ] 2 [J 33 4 [ 5 ]
Little knowledge 1 [ ] 2 ] 3 [ ] 4 ] 5 ]
There are better alternatives 1 [ | 2 13030 4 [ 5[]
Other (Please

£ 01111 V2SR ST SRR
What factors would persuade you to install a photovoltaic system? Please tick below
relevant option (1 = Huge influence 5 = No influence)

Free installation of PV system 1 [ ] 2 [ ] 3 [ Ja [ ]5 ]
Government subsidy towards cost of installing PV system 1|:| 2|:| 3] 4[]
5 [

Local public buildings installed with PV system 1 | 12 L] 3] | 4 ] 5[]
Reduction of electricitycosts 1 [ ] 2 [ 13 |:| 4 |:| 5 |:|
Case studies from satisfied PV system customers 1 [ ]2 |:| 3 |:| 4 |:| 5[]
Reduction in carbon emissions 1 | | 2 | | 3 |:| 4 |:| 5 |:|
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35.

36.

More information 1|:| 2 |:| 3 |:| 4|:| 5 |:|

Other (Please
£ 01T 1 Y2 O ST RRRR R
Does government set targets for CO reduction by 2020, 2030 and 2050 influence you

to reduce carbon emissions by: Please tick (1 = Huge influence 5 = No influence)
Adopting renewable energysources 1] 2[ 1 3] a4 [ ] s[ ]
Adopting solar energy source 1 I:I 2 |:| 3 |:| 4 |:| 5 I:I

Are you in any way aware that government supports the use of a PV system in Nigeria
by:

Making homeowners or generators to sell extra electricity Yes |:| No |:|
Generated from a PV system to the National-grid

Pay generators for every kilowatt hour (kWh) of

Electricity generated using a PV system Yes No

Please kindly answer the following questions by filling the dash spaces

37.

38.

39.

40.

41.

What are the home building measures with total ground floor area (i.e. gross floor
area in m?) in Nigeria? Please
] o111 V2SR
What is the PV modules space on the roof of a building (i.e. Area of each module m?)
in Nigeria? Please
] 01111 V2SSO T SRR
What is the monthly power generated (kWh) from the installed PV system in Nigeria?
Please

£ 1= oL 4 2R
What is the annual power generated (kWh) from the installed PV system in Nigeria?
Please

Y 1= oL £ 70 R
What is the peak power output from PV system generation (W)? Please specify the

average daily output at peak pOWEer NOUr ... e e e
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

What is the total power required or consumed daily/monthly/yearly in Nigeria? Please

SPPBCITY ettt e e e e e et s e a et et e et e e e R et eae saeeae shene see e e aen s
Is there PV electricity sold to the National grid? Yes.................... NO..cveereerrereeens If
yes please specify the rate in
NZKWR L.ttt ettt et ettt et et et s s e s et e een s s et et ntens

What is  the electricity purchase price in N/kWh? Please
SPECHY vvetteeee e e

What is the discount rate if sold to the grid? Please specify the percentage

What is the capital cost of the PV modules/panels (N/m?) used during and after the
pilot projects in Nigeria? Please
SPECITY vttt et et ettt et ettt she b st e b ens b e be b ebesheeneseb e s benben e eae eheehesnersaenaenaen
What is the current unit price of PV panel in Nigeria now? Please
SPECITY vttt et et ettt ettt et et ettt b sbe st et e e aeb e be b ebesheeneseb e s benben e ene ehe et saneanaenaenaen

What is the cost of the following PV electrical materials used (N/m?) and after the pilot

project in Nigeria? Please specify for
1TLTA LV =TS

LNV 7=T =T OSSP U RS PRTRRPI
@0 0 1 o) ISR Battery...ov e

What are the system losses? Please specify in percentage the

CaAbliNG i 101V o =T RSP
o T 1 1] Y2 O ERERTT

What is the cost of
Installation.........cccceeeeve e, (@ 12711 SR Decommissioning

What is the percentage cost for minor repairs? Please
Y 1= oL £ 20RO
What is the percentage cost for major replacement? Please
Y L= oL £ 70RO
What is the expected life-time of PV system?

.................................................................. please also specify the appraisal
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54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

PEIIOM. ettt sttt ettt s st es e ere e e payback

Is there any savings or net savings per day/month/year?
YeS.iviieiieerannn. NO..ce e if yes please
£ 01Tl 1 V2SO OO RSPRRRRO
What the best location hours for PV performance in Sahelian zone (Sokoto) of Nigeria?
Please

SPBCITY vttt et ettt ettt et ettt ettt sheebe st et e e aeb b sbe b eteenesere s benbenneene ehe et snensaenaenaen
What best location hours for PV performance in Coastal zone (Lagos/Port-Harcourt)
of Nigeria? Please
SPECITY vttt ettt sttt eer et e et ehe b b eb e s e b b sheshesneenseereetbenbenaenne s

What best location hours for PV performance in Guinea-Savannah zone (lbadan) of
Nigeria? Please
SPBCITY vttt ettt ettt ettt e e et s e et she et st e b et e R ae s b shesaeeneaebaet e bea sbesaesneeneaebeesbenbennn

What is the best location hours for PV performance in Midland zone (Abuja) of

Nigeria? Please
SPECITY vttt ettt ettt et ettt e et b b st e b eae bbb b e b sheereseb e s benben rean sheehesaneanaeraenaen
What is the best orientation for the performance in
ADUJA e e 1T =0 1RO
.............. [badan.......coeveiivciiiniicirireincececeineeneee 0. SOKOTO L

What is the tilt angle for installed PV system in Nigeria? Please
L L= oL £ 20 TR
Can you mention the most suitable sites for PV system in Nigeria? Please
£ 1= oL 4 2R
Are there any clear policy, investment and tax for the use of solar PV in generation?
Y S ittt e NO et if yes Please
Y 1= oL £ 70 R

Are there any other comments you wish to add relevant to the study? Please
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Section Two

10.

Technical

What is the average conversion efficiency of PV system from DC to AC power output
in Nigeria? (Please
Y 01111 Y PP PRSP RSSPPN

What is the conversion efficiency of a stand-alone inverter (Please

SPECITY vttt ettt ettt ettt et et ettt she b sreeaeeneeer e be it e e eheebe snersaenbenneanes shesbesnnenean an
d grid-connected
(10N VZ=T o =T SO T TR PP TPRTPRRPRPP

What PV module specification from the manufacturers is used in Nigeria? (Please
SPECITY vttt ettt ettt e e ettt sheebe st et ensaeb e be sbebesreereaeh e s benbennaean ehe et snernaenaenaes
Under standard testing condition (STC) what is the manufacturer’s specification for PV
panel efficiency? (Please SPECITY) ...t e e e

What do you think can be used to improve the efficiency of the PV cells for use in
Nigeria? (Please
Y o1=Tol1 17 T TSRO PTPPTT
How  can solar energy be stored for night use? (Please
£ o111 Y PSSR
What is the energy balance in stand-alone operation? Please
] 01111 V2SSO T SRR

What are the technical challenges for solar energy development in Nigeria? (Please
Y o111 1 1Y PR PSS

Is there any proven technology that has been developed for large-scale disposal for

solar PV systems in Nigeria?  (YeS. et
NO .ot if yes, please
Y 1= oL 1 £ 70 RPN

How are operational and technical issues addressed to ensure energy supply is

continuous in Nigeria? (Please SPecCify).....cccuricceeieicieieee e
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11.

12.

13.

14.

15.

16.

17.

18.

19.

Is there any accidental damage or component failures to the installed PV system in
Nigeria? (YeS..covevercerennee NO..ooe st if yes please specify at what
[oToF: | {To o PO TSRS R USSR
What major role can solar PV cells play in addressing the problem of insufficient power
supply in Nigeria? Please
£ 01T 1 Y2 SPTSORRSRR
What are the factors (drivers and barriers) influencing the decision of consumers to
install solar PV systems in the various sectors of Nigeria? Please specify

[T LYY

Economic

Please specify the current market unit price of solar PV modules (N/Wp) in Nigeria?

MONOCIYSEAIlING.....cceveerierietieece et Polycrystalline.......cccoeeveeuveneene
....................... AMOIPROUS.....octettcteeee ettt e eer s b s
L N1 = O SO TR OO STPRPR
Battery e e e

For solar energy development what are the economic challenges for electricity
generation in Nigeria? (Please
LY 01111 Y P PP SPRRN

What are the environmental and social benefits for using solar energy in Nigeria?
Please
LY =T oL | £ 2SRRI

Why is solar PV cost still more expensive than conventional energy cost? (Please
LY o111 1 1Y P PR PPRSSN
Would the initial cost of PV installation affect the solar application and
implementation in Nigeria? (Please
LY o1<To11 1Y PSR RSSSN

At what time can solar energy be more profitable and competitive in Nigeria? (Please
Y o=l £ 2P SPRURR
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20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

How can the PV external cost be determined in Nigeria? (Please
£ o1 Tol 1 1) TSRS

What are the main drivers for solar power deployment and supply? (Please
Y 01111 Y PRSPPI

How can solar energy be realised in a large scale and what is required in achieving its
development? Please
Y o1=Tol] 1Y) PO PPUPPPPURRRRRRRRE
What can lower the manufacturing cost to make solar PV more economically
competitive in Nigeria? (Please
Ly o1=Tol] 1Y) TR PPPPRRRRIN
Are there financial institutions into loan financing for purchase of PV system in
Nigeria? Please
SPECITY vttt et ettt ettt e et et e sbe eaeere b e b e s e a e ae eheebe b ensaeraesbebe e naeae sreeneaeresbenbenans
Are there green power marketing companies in Nigeria? Please specify

Does cost reduction encourage PV system adoption in homes more than commercial
places in Nigeria? Please

SPECITY vttt ettt ettt et ettt e et b b st e b eae bbb b e b sheereseb e s benben rean sheehesaneanaeraenaen
Policy

Would there be any negative effect from solar PV technology to affect the

environmental  sustainability in  the future?  (YeS....ininieceieeeee,
NO. e if yes, please
L =L £ 70T

Do you see solar PV system as the best choice to address the current environmental

energy issue such as fossil fuel and GHG emissions? (YeS.....coeveveeveevecvecrecnnen.
N O ettt et et bt bt st b e e sheeea e she e ehe e eesaeeeabes she et e ne sae e s e e en
Does silicon use more prone to emission than aluminium? Yes.................
N O ettt e et et ettt et e e et s e ae bt e nee e b e ea e sreeebeea sheeateeabes sae et et ennens
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30.

31.

32.

33.

34.

35.

36.

37.

38.

Judging from the environmental externalities do you think solar PV systems can
compete  favourably  with  fossil  fuel based power  generation?
(YeSuiioeie et NO .ottt if yes please
£ 01T 1 Y2 OSSO RPR SRR
What could be the energy policy barrier to solar application in Nigeria? (Please
£ 01T 1 Y2 TR PPPRPRIN
Please specify what strategy to meet energy demand and energy policy goal in
NN FT == T TS
Is there any subsidy available for the PV installation? Yes............. NO...vecveereerrereene if yes
please

SPECITY vttt cteere ettt ettt et et st et ettt sheebeebe s berben e eaee sheshesrsenseer et benbennrenne one

Is there any renewable energy strategy used so far like feed in tariff? Yes...........
NO.c.veeee et if yes please
Y o1=Tol] V2SO ORI

Is there incentive employed at both Federal and State level during and after the pilot
projects? Please
SPECITY vttt et et ettt et ettt bbbt saeereere s benbe e eane sheebesaneanaeraerbeneas

Does the Renewable Energy Master Plan (REMP) for the short, medium and long-term
measures developed by Energy Commission of Nigeria (ECN) for solving energy crisis
approved in Nigeria? Yes.................. NO..coverereeans if not please specify the reason for

the

Can government partnership with private sectors help bridge the gap in terms of
power supply shortage and encourage solar energy implementation and application
in Nigeria? YeS.ouiivranns NO...ovreeenee. if yes please
Y 1= oL £ 20RO
What effort has been made for the future development of renewable power resources
and solar use in generating electricity in Nigeria? (Please

LY o1=To1 1 17 PR SUUN
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39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

What are the expected government’s plans in addressing power supply to achieve
renewable energy goal in Nigeria? (Please
Y 01111 Y P PP USSP
What are reasons for the shortage in electric power supply in Nigeria? (Please
Y o111 1 Y PRSPPI

What major factors could prevent solar energy implementation plan in Nigeria?
(Please
Y o1=Tol] 1Y) PSPPI

Why is solar energy so unique than other renewable energy resources for use in
Nigeria? (Please
SPECITY ) et trieterret ettt ettt sheebe st eae b es et et e b ehe et sesbea b et eheebessensaeraesbeenen nre e sreens
How do leadership traits impact solar energy implementation in Nigeria? (Please
Ly o1=Tol] 1Y) TSR PPPRRRRRRIN

Do solar energy implementation, application and investment be achievable soon in

Nigeria?  YeS...vvveenenne. NO...ovrerrereneene if yes please specify how

What prompt PV technology to become a priority to the governments and many
stakeholders in Nigeria (Please
LY 01111 1Y PP SSS

What effort do the regulators make to promote renewable energy sources in terms of
investment in Nigeria? (Please
LY o111 1 1Y PP SSSN
How can renewable source be integrated into the conventional regulatory approaches
in Nigeria? (Please
Y o111 1 1Y PR USSP
What will drive the stimulation of renewable energy growth in Nigeria? (Please
Y o111 1Y PSP
Is there any loan for generating electricity with installed solar PV system in Nigeria?

Yes..nn... NO..ooveeren if  yes please specify  the financial
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50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

What efforts has Nigerian government made so far to eliminate obstacles hindering
private sector investment to solar energy development by using PV system in Nigeria?
Please

SPECITY vttt et ettt et ste ettt ebeebe st eaeaeb e e b e et e shesbesreereaer et benbe e eaae eheeaeserersberbenneenen ne
What are government provisions to increasing private sector participation thereby
encouraging renewable energy growth in Nigeria? Please
SPECITY vttt et et ettt et ettt she b st e b ens b e be b ebesheeneseb e s benben e eae eheehesnersaenaenaen
How do different stakeholder groups perceive solar energy in Nigeria? Please
SPECITY vttt et et ettt ettt et et ettt b sbe st et e e aeb e be b ebesheeneseb e s benben e ene ehe et saneanaenaenaen
Are there policies for hazardous waste control law in Nigeria? Please
SPECITY vttt ettt ettt et ettt e et b b st et eae b e be b e b sheereseb et benben e eaee eheehesanernaeraenaen
Are there any bills on installation targets tax incentives/debates addressing
manufacturing or end of life hazards of PV system in Nigeria? Please
£ 01111 V2SR ST SRR
Are there any existing government subsidies to the PV system adoption in Nigeria?
YES.iviiirienae. NO. .ot if yes please
£ 1= oL £ 20 RPN
Is there any environmental regulations so far implemented in Nigeria? Please
£ 1= oL 4 2R
Have there been any environmental law reforms particularly in the energy or
electricity sectors in Nigeria? Please
Y 1= oL £ 70 R
Are there incentives for solar energy panels in Nigeria? Please

Y 1= oL 1 £ 2 R
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60. Is individual allowed to generate their own power through PV installation in Nigeria?
Please
£ 01T 1 Y2 O ST RRRR R
61.Is there climate change levy as a regulation in Nigeria? Please

£ 01T 1 Y2 SRS T SRR

Section Three:

1. How much is the energy consumed or used in kWh in Nigeria from the existing power

plants

from PV system

2. EXiSTING POWET PIANTS...ciiiiierie ettt st st eer e sresaesreesssebe st e bensnennesbeebesneanes

3. Please specify the annual net electricity generated from the solar PV system yearly
................................................................................. and the existing electricity
T =] = L (=T S U T TR

4. What is the electricity generation rate for the existing turbines (NGN/Wp)

MONTNIY? e YeANY ettt and
from solar PV system
1Yo o 1Y PSR

R =T 1 775 R

5. What is the average annual electricity generated from solar PV system? For

Household CONSUMPLION....ciiie et e
INUSEIY .ot e Commercial
CONSUMPLION... e ceieeieeeec et et e st and the existing power plants from
Household.......c..ceceeennininiince e
INAUSEIY .ottt Commercial
(oo ] 418 3 ] 011 o o VOSSR
6. Please specify the price paid from the PV
LY [T ol o o Lol A 2RSSR and from the existing
electricity in Naira & KObo (NGN/KWH)........uoieieeeeeietietee ettt et saes
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10.

11.

12.

13.

14.

15.

What are the initial capital costs for installing Solar PV system?

.............................................................. Conventional power turbines for OQil
Plant....cccoveeeeeeee for Gas  plant... and
Y OIOPOWE ...ttt e et et s ettt e st e e st esease et sae st ste e seese e sensensessanees
Is there payback cost analysis for the existing turbines Yes............... NO...ooveeree and
Solar PV system Yes.......cccc....... NO .ttt e e e e e s e e
What is the existing turbines construction costs for
(0] o1=T =1 o[V < Decommissioning

COSES.urinrreeereere et And solar PV system
CONSEIUCLION....couii e e Operating.....ccccevee e and
DECOMMISSIONING COSTS..ccuuiiiiiie e cteee et cte et e e ste e ee eaeeserae s stees srse e sre e st teensneesanseenseaen

At what interest rate is electricity cost from existing turbines in Nigeria

(NGN/WP) 2ttt and solar PV

What is the life-cycle cost of electricity generation from the oil-fired

turbine/plant.......ceveveiveeececeeenen. gas-fired PlaNt e and
hydropower plant.......ccccoveiiveiveeeeeneneeneenne.. based on the current market price per
tonne in Naira kWh (€quivalent to USS).......cccueeieeieieeeeieeereerereierete e eeseaesessae s e

What is the current market price of fuel importation per tonne in Naira (equivalent to
(R3] TSROSO
What is the electricity export rate (N or $/MWh) for the installed PV system? (Please
LY o111 1 1Y PSP UUTR U UPSTN
What is the electricity export rate (N or S/MWh) for the existing or traditional system?
(Please

LY o111 1 1Y PR SSSN
What is the total annual GHG emission from solar PV system electricity based on
(KWh/year) in NIZEIA oottt et s b st e er e and the

PrIMANY ENEIEY USE...cuicveuiriieeieeeieereesasteseseseeesesesastessses s ssesesassssssssessssesesssessssnns year...........
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16. What emissions by including Transmission & Distribution losses per g-CO2/kWh from

17.

installed PV SYSTEM P ettt e e Oil-fired
tUrbINE ... Gas-fired tUrbine.......coccveeveivenn e
Is there release of emissions (GHGs such as Co,, CHs & N2O) during the life-cycle of the
existing turbines in g-CO2/kWh when T&D losses are included? (YeS.....ccccevevereennnes
N\ To TR and from the PV system (YeS....iininineneeneiecenne e
NO ettt et e ene s if yes please
SPBCITY vttt et ettt ettt et ettt ettt sheebe st et e e aeb b sbe b eteenesere s benbenneene ehe et snensaenaenaen
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APPENDIX 5

Appendix 5a Table: Suntech PV System Specifications

Electrical Characterlstics Temperature Characteristics

STC STP250S-20/ | STP2455-20/ | STP240S-20/ ) -
lominal Operating Cell Temperature t
wd W wd N | Operating Cell Temperature (NOCT) 4542°C
Optimum Operating Voltage (Vmp) |~ 307V 305V 202V Temperature Coefficient of Pmax 045%7°C
Optimum Operating Current (Imp) B.I5A B04A 795A Temperature Coefficient of Voc 0.34%/°C
Open Circuit Voltage (Voc) 374V 373V 372V Temperature Coefficient of Isc 0.050%s°C
Short Circuit Current (Isc) 8.63A 852A 843A
Maximum Power at STC (Pmax) 250W 245W 20W
Module Efficiency 154% 15.1% 14.8% Mechanical Characteristics
Operating Module Temperature A40°Cto+85°C Solar Cel Menocrystalline silicon 156 x 156 mm (6 inches)
Maximum System Voltage 1000V DC (IEC) No. of Cells 60 (6% 10)
Maximum Seris Fuse Rating 204 Dimensions 1640 X 992 x 50mm (646 X 39.1 x 20inches)
Power Tolerance 0/+5% .
Weight 19.1kgs (42.11bs.)
STC: Irradiance 1000 W/m’, module temperature 25 °C, AM=15;
Best in Class AAA solar simulator (IEC 60904-9) usad, power maasurement uncertainty is within +/- 3% ant GlaSS 32 mm (0} 3 inches) tempered glaSS
NOCT STP2505-20/ | STP2455-20/ | STP240S-20/ A .
- W - Frame Anodized aluminium alloy
Maximum Power at NOCT (Pmax) 183w 180W 77w Jundtion Box IP67 rated (3 bypass diodes)
opnmum Operating Voltage (Vmp) 7.9V 278V 277V Output Cables TW (ZPfgl .‘692007), UL 4703, UL44
Optimum Operating Current (Imp) 655 A 646 A 639A 4,0 mm* (0.006 inches?), symmetrical lengths (-) 1000mm (39.4
Open Circuit Voltage (Voc) 34y 33V U2V inches) and (+) 1000 mm (39.4 inches|
Short Circuit Current (sc) 696A 6.80A 681A Connectors MC4 connectors

347



Current-voltage £ Power-Voltage Curwve (2505-20)

z ] — — I — /-— —\\‘\\ zs0
1.
s / / '-.‘__h \ J I %
a /’ | 1\ %
= | _— ] | Y

; s e N\

T — —

o : \

Peak Power' = | S 271 OV
Rated Voltage e 40 .0
Rated Current == 5. 2558
Open Circuit Woltage AV AT TN
Short Circuit Current l.c 5. 758
Series Fuse Rating 15
Max<imum Sy stem Voltage SO0 (UL)

1000V (IEC)

Temperature Coefficients Powwer -0.389%/°C
Voltage (Voo -1 3S5.8mV ./ C
Current (Il 3. 5mA/S~C

Module Efficiency 16.9%

Peak Power per Unit Area 15.7W/sq.f. ; 169W,/m?

PTC Rating 123.7 W

MECHANICAL SPECIFICATIONS

Length S1T.392 inx 31.42 in [1559 mm x Z7298mm]
Thickness, including junctieon box 1.8171 in [48 mm]
Weight 33 lbs [15 kgl
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Amps

6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0.0

1000 Wattd/m=2; 4

P S5°C; AM 1.5

I
T

o

15 20 25
Volts

30

35
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APPENDIX 6

Appendix 6 Table: 33kW Capacity with Retscreen Climate data, the Financial viability and

Cumulative cash-flow

Climate data Project
Unit location Iocation
Latitude N 92 92
Longitude E 72 72
Elevation m 573 573
Heating design temperature T 183
Cooling design temperature ‘T 328
Earth temperature ampltude T 136
Daily solar

Air Relative radiation-  Atmospheric Earth Heating Cooling
Month temperature humidity horizontal pressure  Wind speed  temperature  degree-days degree-days

G % KWhimid kPa ms 5 Cd 't
January 256 25.0% .88 95.6 24 280 0 485
February %7 299% 6.09 95.6 23 254 0 483
March %66 56.0% 627 95.5 26 289 0 515
Apri 255 76.8% 6.06 95.5 25 268 0 454
May 243 82.0% 558 95.6 25 258 0 452
Jung 241 B4.6% 5.06 95.8 23 248 0 420
July 232 85.6% 444 95.8 25 238 0 403
August 2310 85.6% 419 95.9 25 237 0 403
September 233 84.5% 473 95.8 24 243 0 408
October 238 80.0% 53 95.7 20 248 0 a7
November 243 96.2% 5.98 95.6 24 205 0 44
December 253 30.6% 5.86 95.6 22 270 0 474
Annual 247 549% 545 857 24 260 0 5,365
Measured at [ n | [0 [ o0 |

350



Project costs and savings/income summa
Initial costs Year Pre-tax After-tax Cumulative
# NGM NGHN NGMN
o 14,828,000 14,828,000 14,828,000
1 3,259 3,259 14,831,259
Power system MGHM o 2 3,259 3,259 14 834 517
3 3,259 3,259 14,837,776
4 3,259 3,259 14,841,024
5 3,259 3,259 14,544 283
8 3,259 3,259 14,847,551
Balance of system & misc. MNGHM o i 3,259 3,259 14 850,810
Total initial costs 0.0% NGHN 1] ] 3,259 3,259 14,854,088
9 3,259 3,259 14,857,327
Incentives and grants MNGH 14,828,000 10 3,259 3,259 14,860,585
11 3,259 3,259 14,853,844
Annual costs and debt payments 12 3,259 3,259 14 867,102
O&M MGM o 13 3,259 3,259 14,870,361
Fuel cost - proposed case NG o 14 3,259 3,259 14,873,619
15 3,259 3,259 14,876,878
Total annual costs NGHN a 16 3,259 3,259 14,380,136
17 3,259 3,259 14,883,385
Periodic costs (credits) 18 3,259 3,259 14,585 654
19 3,259 3,259 14,389,912
20 3,259 3,259 14,893 171
21 3,259 3,259 14,8596 429
prrd 3,259 3,259 14,899 638
Annual savings and income 23 3,259 3,259 14,5902, 945
Fuel cost - base case MG o 24 3,255 3,259 14,806,205
Electricity export income MGM 3,259 25 3,259 3,259 14,909 463
Total annual savings and income NGHN 3,259

Cumulative cash flows graph
14,920,000

14,200,000

14,550,000

14,560,000

14,840,000

14,820,000

Cumulative cash flows (NG

14,800,000

14,750,000

[+] A =2 3 £ 5 =3 Ed & k= 10 41 12 13 14 15 16 17 18 19 20 21 22 23 pet 25

Near
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