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Protocol 

Mr. Chairman; the Vice-Chancellor, Sir;  

Members of the Governing Council of ATBU here present; 

Deputy Vice-Chancellor, Academic;  

Deputy Vice-Chancellor, Administration;  

Registrar, Bursar, University Librarian and other Principal Officers of the University; 

Dean Faculty of Engineering and Engineering Technology; 

Deans of other Faculties; Agricultural Technology, Environmental Technology, 

Education, Management Sciences and Science. The Provost of College Medical 

Sciences and Deans in the College 

Dean of Postgraduate School and Dean, Student Affairs; 

Professors and Other Members of Senate;  

Directors of academic and non-academic Units; 

The Head, Department of Mechanical/Production Engineering; 

Other Heads of Academic and Administrative Departments;  

All Members of the Academia and Fellow Researchers; 

Members of Administrative and Technical staff of the university, especially, staff of 

the Centre for Industrial Studies (CIS); 

Members of the academic and administrative staff of other universities here 

present; 

Our Royal Fathers, here, present; 

My Lords Spiritual and Temporal; 

Members of my nuclear and extended family; 

Eminent and distinguished Invited Guests and Friends;  

Gentlemen of the fourth estate of the realm; 

The Great Balewites (ATBU Students);  

Members of the ATBU Alumni present (especially the ‘rare’ ones);  

Distinguish Ladies and gentlemen. 
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1.0 PREAMBLE 

It is with absolute humility, great pleasure and immense gratitude to Allaah 

(Subuhannahu Wa Ta’ala) that I stand before you all to present the 45th Inaugural 

Lecture of this great University named after the first and only Prime Minister Nigeria 

ever had – Alh. Sir. Abubakar Tafawa Balewa, the Golden voice of Africa (may 

Allaah (SWT) bless and be pleased with his soul) and my alma mater.  

I want to sincerely thank the Vice Chancellor for the opportunity to address this 

all-important gathering. I want to also thank and appreciate everyone that has 

spared man-hours to travel from their various destinations and those that are 

watching the live broadcast online just to honour me and listen to this lecture. 

An Inaugural lecture is an occasion of significance in an academic staff 

member’s career at the university. Inaugural lectures provide newly appointed 

professors with the opportunity to inform colleagues, the university community 

and the general public of their work to date, including current research and future 

plans. Professors are usually required to give their inaugural lecture within 

12months of their appointment. It is also a ceremonial occasion (Sunshine 

Bookseller, 2019) 

I am happy to note that though the inaugural lecture series have been sparse, 

the 42nd and 44th lectures were from the Faculty of Engineering and Engineering 

Technology and specifically the 42nd and now the 45th are from the Department 

of Mechanical/Production Engineering. 

I will try as much as possible to cover if not all, at least most of the reasons on what 

an inaugural lecture is meant to achieve. I will also like to quickly indicate that 

wherever I use the words “our”, “we” or “us” in this lecture, I actually refer to myself 

and members that have contributed to the work. These include but not limited to: 

my teachers/lecturers, my mentors, my colleagues, my students, my mentees and 

my co-researchers; some of whom are here today. 

Mr. Chairman and Vice Chancellor sir, I am happy to report here that I am one of 

the proud pioneer graduates of ATBU in 1989. I resumed work in ATBU as a 

Graduate Assistant in September, 1991 and rose steadily to the rank of Professor 

of Mechanical Engineering in 2010. As an advocate of Outcome Based 

Education (OBE) system, I have always put to practice what I teach and in line 

with modern techniques of teaching, set up the biieeyz online platform 

(www.a.biieeyz.com) where I interact with my students wherever I may be since 

2010.  
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Distinguish ladies and gentlemen, you are all aware of the energy situation in 

Nigeria and the “many” interventions by the Federal government of Nigeria.  

Nigeria has been generating electricity in commercial quantities for over a 

century, but the pace of electricity infrastructure development in the county is 

very slow and power supply remains highly inadequate. In 2013, two segments of 

Nigeria’s power sector (generation and distribution) were privatized to resolve the 

challenges associated with the prior monopoly of government in power 

generation, transmission and distribution. However, privatization only changed 

the dimensions of the challenges and power supply remains largely inadequate, 

unaffordable and unreliable in the country. 

 

Nigeria has Africa’s largest population and economy, but Nigerians consume only 

144 kWh per capita annually (World Bank, 2019). Currently, Nigerians consume on 

the average 197kWh per capita annually compared to the African average of 

500kWh and world average of 2,604kWh.  With only about 12 GW installed, and 

typically just one-third of that delivered, Nigerian power production falls far too 

short of demand, which is a primary constraint on economic growth. Self-

generation using “dirty diesel/petrol” generators are exceedingly common in 

Nigeria, and bear a significant economic and environmental cost (IEA, 2017).  

     

Electricity demand estimates and projections for Nigeria suggest that demand is 

already substantial and increasing rapidly due to population and income growth. 

Nigeria is one of the most underpowered countries in the world, with actual 

consumption 80% below expectations based on current population and income 

levels (Todd and Gailyn, (no date). Peer countries consume far more electricity 

per capita than Nigeria does currently. Ghana consumes over twice as much, 

Tunisia over ten times, and South Africa almost thirty times as much. 

 

In the coming years, electricity demand is expected to rise significantly. 

Household electricity demand, which has the largest share, will rise due to 

growing urbanization (at a rate of 4.23% per annum) and population 

growth (estimated at 2.7% per annum, while global growth rate is 1.1%), at rates 

more than twice global averages. Industrial and commercial demand is also 

expected to increase as Nigeria slowly rise from the recent recession (with 

projected gross domestic product rates trending between 4.50% and 7.0%). 
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Self-generation in Nigeria is extremely prevalent; nearly 14GW capacity exists in 

small scale diesel and petrol generators, and nearly half of all electricity 

consumed is self-generated. This implies a huge unserved demand (Cervigni, et 

al., 2018). It can therefore be assumed that Nigeria’s demand gap is significant, 

though exactly how large, is disputed. The significant differences in these 

estimates demonstrate the difficulty, and importance, of accurate demand 

forecasting.  

 

Projecting power demand in Nigeria is challenging due to difficulty in estimating 

the large amount of electricity produced by small and unregulated petrol/diesel-

powered generators, and in quantifying suppressed demand. Even at optimistic 

capacity factors and assumptions about deliverability, Nigeria needs well over 

63GW of new generation to satisfy unmet demand (Sambo, 2008). Until something 

drastic is quickly done, expensive self-generation will remain pervasive.  

 

Credible sources have stated that, for Nigeria to achieve universal access to 

electricity, it will have to connect between 500,000 to 800,000 new households to 

electricity every year between 2018 and 2030. Research have also shown that 

infrastructural investments, regulatory and policy limitations are major challenges 

hampering growth of the power sector. 

  

To this end the Federal Executive Committee in 2017 adopted a policy on 

provision of power. This policy which was drawn by the National Council on Power 

and referred to as “30-30-30 policy for power”, states that by the year 2030, 30GW 

of electricity, 30% of which is to come from renewable energy other than large 

hydro, should be produced. Therefore, it is expected that effort will continuously 

be made to implement Goal number 7 of the Sustainable Development Goals 

(SDGs). It is in line with this that today’s lecture was coined, “Deploying Renewable 

Energy Strategies for Decarbonisation of Nigeria’s Energy Mix: Need for Emotional 

Intelligence.” 

 

The lecture will focus on the contributions of Renewable energy, especially solar 

energy and the need to embrace, adopt, apply and use it for the benefit of 

Nigerians. It is my humble submission, that the optimal use of Renewable Energy, 

especially solar energy technologies will save our “dying” country and indeed the 

world. The lecture has been divided into five main climes. These are: Energy and 

its importance, Renewable Energy, Chronicle of some of my contributions, 

Beyond now, and Concluding remarks.  
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2.0 INTRODUCTION 

2.1 Engineering  

Without restricting the permissible tools used in Engineering to any subset of 

knowledge, we can define Engineering in simple terms as the professional art of, 

and optimum conversion of the great resources of nature for the use, benefit and 

convenience of man.  As an art, it calls for the systematic application of 

knowledge and skill according to a set of rules for the proper execution of certain 

works.   

When the history of human development is considered, Engineering becomes the 

prominent word that persists throughout. From the food we eat, where we live to 

our modes of transport, communication, medicine, our lifestyles, etc, it can easily 

and safely be inferred that the world is all about Engineering. The evolution of 

human development can be categorized into four stages: 

 

i. Stage one: Neolithic Revolution, during this time, people moved from social 

systems based on hunting and gathering to much more complex 

communities that depended on agriculture and the domestication of 

animals. This led to the rise of permanent settlements and, eventually, urban 

civilizations. 

ii. Stage two: Agricultural Revolution (First wave technology): It was ruled by 

living batteries – replaceable “energy slaves” and characterized by large 

extended families. 

iii. Stage three: Industrial revolution (Second wave technology): It was ruled 

by fossil fuels or irreplaceable energy base. It started with the invention of 

the steam engine by Thomas Savery in 1698. It was characterized by small 

nuclear families because of the shift from homes to factories. During the 

Industrial Revolution, there was widespread replacement of manual labour 

by machines that began in Britain in the 18th century and are still continuing 

in some parts of the world. The Industrial Revolution was the result of many 

fundamental, interrelated changes that transformed agricultural 

economies into industrial ones. It changed society both significantly and 

rapidly. The most immediate changes were in the nature of production: 

what was produced, as well as where and how.  

iv. Stage four: Microelectronics Revolution (Third wave technology): Third 

wave technologies started with the innovation of the Integrated Circuits 

(IC) in 1959 and the microprocessor in 1971. The birth of mechatronics and 

Artificial intelligence (AI); they have not yet been fully deployed on grand 
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scale; nevertheless, we can already glimpse the dangers of electronic 

smog, information pollution, and combat in outer space, genetic leakage, 

climatic intervention and what might be called “ecological warfare” – the 

deliberate induction of earth quakes e.g. triggering off vibrations from a 

distance. Beyond these lies a host of other perils associated with the 

advance to new technological base. 

 

Modern nations show great concern for education, especially education in 

science, engineering and technology for obvious reasons. It provides the great 

needs of the nation through the development of the social and economic 

infrastructure necessary for the growth of enterprise (Gemade, 2009), an antidote 

to poverty and leveller in the knowledge emerging society (Ajimotokan et al., 

2009). Today, education has evolved as the primary agent of transformation 

towards sustainable development, increasing human’s capacities to transform 

their visions for society into reality (Oloyede, 2008; UNESCO, 2005; Adisa, 2012b).  

 

Education is the aggregate of all process by which an individual develops values, 

attitudes, abilities and other forms of behaviour that is of positive value to the 

society (Fafunwa, 1974). It implies that engineering education can be defined as 

education in science, engineering and technology for capacity building in 

engineering towards sustainable development. Thus, the aim of engineering 

education should be the integration of knowledge, skills, understanding and 

experience (Padmanabhan, 2000). 

 

3.0 ENERGY AND ITS IMPORTANCE 

Since the dawn of the industrial age, the ability to harness and use different forms 

of energy has transformed living conditions for billions of people, allowing them to 

enjoy a level of comfort and mobility unprecedented in human history and 

freeing them to perform ever more productive tasks. For most of the last 200 years, 

steady growth in energy consumption has been closely tied to rising levels of 

prosperity and economic opportunity in much of the world. 

 

Energy is at the heart of most critical economic, environmental and 

developmental issues facing the world today. Clean, efficient, affordable and 

reliable energy services are indispensable for global prosperity. Developing 

countries in particular need to expand access to reliable and modern energy 

services if they are to reduce poverty and improve the health of their citizens, 



   

45th ATBU INAUGURAL LECTURE SERIES  Page 7 of 61 
 

ABUBAKAR TAFAWA BALEWA UNIVERSITY, BAUCHI, NIGERIA 

while at the same time increasing productivity, enhancing competitiveness and 

promoting economic growth. Current energy systems are inadequate to meet 

the needs of the world’s poor and are jeopardizing the achievement of the 

Sustainable Development Goals (SDGs). For instance, in the absence of reliable 

energy services, neither health clinics nor schools can function properly. Access 

to clean water and sanitation is constrained without effective pumping capacity. 

Food security is adversely affected, often with devastating impact on vulnerable 

populations.  

 

Worldwide, approximately 3 billion people rely on traditional biomass for cooking 

and heating, (UNDP, 2009 ; Rigg, et al., 2009; IEA, 2009) and about 1.5 billion have 

no access to electricity. Up to a billion more have access only to unreliable 

electricity networks. The “energy-poor” suffer the health consequences of 

inefficient combustion of solid fuels in inadequately ventilated buildings, as well 

as the economic consequences of insufficient power for productive income – 

generating activities and for other basic services such as health and education. 

In particular, women and girls in the developing world are disproportionately 

affected in this regard.  

 

A well-performing energy system that improves efficient access to modern forms 

of energy (IEA, 2008) would strengthen the opportunities for the poorest few billion 

people on the planet to escape the worst impacts of poverty. Such a system is 

also essential for meeting wider development objectives. Economic growth goes 

hand in hand with increased access to modern energy services, especially in low- 

and middle-income countries transitioning through the phase of accelerated 

industrial development. A World Bank study (World Bank, 2009) indicated that 

countries with underperforming energy systems may lose up to 1-2 per cent of 

growth potential annually as a result of electric power outages, over-investment 

in backup electricity generators, energy subsidies and losses, and inefficient use 

of scarce energy resources. 

 

At the global level, the energy system – supply, transformation, delivery and use – 

is the dominant contributor to climate change, representing around 60 per cent 

of total current greenhouse gas (GHG) emissions. Current patterns of energy 

production and consumption are unsustainable and threaten the environment 

on both local and global scales. Emissions from the combustion of fossil fuels are 

major contributors to the unpredictable effects of climate change, and to urban 

air pollution and acidification of land and water. Reducing the carbon intensity 
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of energy – that is, the amount of carbon emitted per unit of energy consumed – 

is a key objective in reaching long term climate goals (United Nations Statistics 

Division, 2007). As long as the primary energy mix is biased towards fossil fuels, this 

would be difficult to achieve with currently available fossil fuel-based energy 

technologies. Given that the world economy is expected to double in size over 

the next twenty years, the world’s consumption of energy will also increase 

significantly if energy supply, conversion and use continue to be inefficient. 

Energy system design, providing stronger incentives for reduced GHG emissions in 

supply and increased end-use efficiency, will therefore be critical for reducing the 

risk of irreversible, catastrophic climate change.  

 

It is within this context that the UN Secretary-General’s Advisory Group on Energy 

and Climate Change (AGECC) was convened to address the dual challenges of 

meeting the world’s energy needs for development while contributing to a 

reduction in GHGs. AGECC carried out this task in a rapidly changing environment 

in which energy was often a key factor: the sensitivity of the global economy to 

energy price spikes; increased competition for scarce natural resources; and the 

need to accelerate progress towards achievement of the SDGs. The world’s 

response to climate change will affect each of these issues.  

 

In Nigeria the production and use of energy will increase dramatically over the 

next decades as indicated in the Nigeria Energy Master Plan (ECN, 2007). Access 

to Energy from the rural areas is a crucial enabling condition for achieving 

sustainable development. Prudent energy policies and researches play important 

roles in steering both industrialized and developing countries onto more 

sustainable energy development paths. Specifically, they can strengthen the 

three pillars of sustainable development: the economy, by boosting productivity, 

social welfare, by improving living standards and enhancing safety and security; 

and the environment, by reducing indoor and outdoor pollution and remediating 

environmental degradation (WCED, 1987; BP, 2001). This poses a crucial 

challenge for our society in terms of the long – term sustainable development. It 

is vital therefore to understand the Correlation of Energy Dimensions and 

Sustainable Development and all the issues and Challenges related thereto. 

 

The anticipated growth for the Nigerian energy sector will require a total annual 

investment in excess of $ 18 Billion in the next 10 years ($ 12 Billion for oil & gas and 

$ 6 Billion for power). Of this, the projected affordable FG allocation will be $ 6 

Billion ($ 5 Billion and $ 1Billion for oil & gas and power respectively). The $ 12 Billion 
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shortfall will require private funding. It is therefore imperative that alternative 

funding schemes, such as third party and venture capital financing, at 

appropriate costs, are explored (vision 2020). 

 

Currently, (with the exception of a private company – Dangote group) majority 

of the investments in the energy sector, especially in power generation and 

refining, is provided by the Government. However, it is proposed that the 

significant capacity expansions envisaged for the Nigerian energy sector will be 

driven by the private sector. Appropriate fiscal terms need to be developed in 

order to attract global partners and investors for the development of the gas 

infrastructure as proposed in the gas master plan. Also, adequate incentives must 

be provided to attract private investments in power generation, transmission and 

distribution, coal – to – power generation and local manufacturers of solar 

photovoltaic technologies. 

 

3.1 Sustainable Development 

"Sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs 

(Arshad and Garegin, 2015). It contains within it two key concepts: 

i. the concept of needs, in particular the essential needs of the world's poor, 

to which overriding priority should be given; and 

ii. the idea of limitations imposed by the state of technology and social 

organization on the environment's ability to meet present and future 

needs." 

All definitions of sustainable development require that the world is seen as a 

system - a system that connects space; and a system that connects time. When 

the world is considered as a system over space, it will then be understood that air 

pollution from North America affects air quality in Asia, and that pesticides 

sprayed in Argentina could harm fish stocks off the coast of Australia. Over time, 

it will be realized that the decisions our grandparents made about how to farm 

the land continue to affect agricultural practice today; and the economic 

policies endorsed today will have an impact on poverty when our children are 

adults. 

 

If  quality of life is also taken as a system: It's good to be physically healthy, but 

what if one is poor and does not have access to education? It's good to have a 
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secure income, but what if the air in your part of the world is unclean? And it's 

good to have freedom of religious expression, but what if you can't feed your 

family? 

The concept of sustainable development is rooted in this sort of systems thinking. 

It helps us understand ourselves and our world. The problems we face are 

complex and serious and we can't address them in the same way we created 

them. The most important thing however, is that we can address them. 

The sustainable development study used the UNDP and the International Atomic 

Energy Agency’s (IAEA) new approach to energy indicators relative to 

development in which the level of energy services is the indicator of 

development. It is the level of energy services, rather than simply the amount of 

energy consumed, that determines the satisfaction of basic human needs, the 

quality of life, and the standard of living. Energy, rather than acting as a barrier to 

sustainable development, can contribute to success in those areas critical to 

sustainable human development, including:  

a. Urban development (by providing low-cost intra-urban public 

transportation and community waste management programs – activities 

which simultaneously generate jobs and improve the physical 

environment);  

b. Rural development (by providing renewable forms of energy that can 

increase the amount of daytime available for economic activity and 

employment generation); 

c. Improved quality of life for women and children (particularly the poor in 

both rural and urban areas, by reducing, inter alia, the time spent gathering 

firewood and breathing fire exhausts in an enclosed area); 

d. Agriculture and forestry (through using biomass waste streams and biomass 

plantations that in turn help restore degraded land while providing 

employment and sustainable energy supplies) and 

e. Industrial development (by introducing advanced technologies that 

reduce energy requirements in both the basic materials industries and the 

manufacturing industry, as well as by enabling the production of more 

energy-efficient products). 
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3.2 MDGs and SDGs in Nigeria 

World leaders adopted the UN Millennium Declaration in 2000, which committed 

the nations of the world to a new global partnership, aimed at reducing extreme 

poverty and other time-bound targets, with a stated deadline of 2015. Nigeria 

was among the 189 countries from across the world that endorsed the United 

Nations Millennium Declaration in New York in September 2000, which led to the 

adoption of the eight time-bound MDGs and their monitorable indicators.   

 

To achieve the MDGs, a number of steps were taken, including the release of 

central government funds. Offices were created and individuals appointed to key 

positions to work towards the MDG targets. The implementation of the MDGs in 

Nigeria began when the Federal Government pledged to apply the savings from 

the Paris Club Debt Relief Deal in 2005 to pro-poor programmes and projects.  

Several policies, programmes and projects have been implemented as a result of 

savings from the external debt relief, with direct impact on the MDGs. Fifteen 

years later, although significant progress were made worldwide, Nigeria lagged 

behind for a variety of reasons; bureaucracy, poor resource management in the 

healthcare system, sequential healthcare worker industrial action, Boko Haram 

insurgency in the north-east of Nigeria and kidnappings in the south of Nigeria 

(Oleribe and Taylor-Robinson, 2016). 

 

The 2015 End Point Report (shorter, popular version) provided in summary, 

Nigeria’s progress with the MDGs since inception. As an ‘end-point’ report, it is a 

historic assessment of the planning and implementation as well as the monitoring 

and evaluation of the entire experience. It is a transitional document linking 

Nigeria’s MDGs era and the post-MDGs development framework now officially 

known as the Sustainable Development Goals (SDGs). The absence of true and 

validated baseline data in all the areas made the report subjective. Nigeria needs 

to tackle these problems to be able to significantly advance with the new SDGs 

by the 2030 target date. SDG No. 7. “Affordable and Clean Energy” requires that 

there is access to affordable, reliable, sustainable and modern energy for all. 

 

3.3 Nigeria’s Energy Mix 

To meet its energy needs, each country uses its available energy source (s) it has 

in differing proportions. Since the 19th century, the energy sources used to meet 

global demand have been mostly fossil fuels. Nowadays, to continue developing 

while preserving the environment, humanity has to diversify its energy mix. The 

term energy mix refers to the distribution, within a given geographical area, of 
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the consumption of various energy sources (crude oil, natural gas, coal, nuclear 

energy, and renewable energy). 

 

For each region or country, energy mix composition depends on the following: 

i. The availability of usable resources on its territory or the possibility of 

importing them. 

ii. The extent and nature of energy needs to be met 

iii. The economic, social, environmental, and geopolitical context 

iv. The political choices resulting from the stated factors above 

 

In the 1950s, Nigeria’s major power source was coal, which accounted for about 

70% of the country’s total power consumption. However, since the discovery of 

crude oil, the focus of the nation has been on developing its crude oil reserves 

while neglecting other energy sources.  

 

According to the statistics from the International Energy Agency (IEA), total 

Nigerian primary energy supply was 118,325 Kilotonne of Oil Equivalent (ktoe) - 

excluding electricity trade - in 2011. As depicted Fig.1 biomass and waste 

dominated with 82.2%. Renewable energy sources only accounted for a small 

share of the energy supply; for instance, hydropower only accounted for 0.4%. 

Wind and solar were also utilized, but at an insignificant level. In terms of the 

distribution of the energy demand, in 2012, the total final consumption was 

116,457 ktoe (Fig. 2), of which the residential sector accounted for most of the 

energy consumed (Energypedia, 2019). Therefore, Nigeria’s energy consumption 

mix is dominated by biomass (80%), Oil (13%), natural gas (6%) and 

hydroelectricity (1%) as shown in Fig. 3. Coal, nuclear and other renewables (to a 

large extent) are currently not part of Nigeria’s energy consumption mix. 
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Fig. 1: Nigeria’s Energy supply by source, 2011 

Source: Sustainable Energy For All, (IEA, 2013), Global Tracking Framework, p. 267 
 

 

Fig. 2: Nigeria’s Energy consumption by economic sector, 2012 

Source: IEA, 2013 

 

 

Fig. 3: Nigeria’s total primary energy consumption 2012 

Source: US Energy information, IEA, 2012 
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Nigeria is blessed with a rich variety of conventional and renewable energy 

resources as shown in table below: 

 

Table 1a: Available Energy resources in Nigeria 

 

 

 

Table 1b: Available Energy resources in Nigeria 

 

 

Sources: (i) Nigerian National Petroleum Corporation (NNPC) 2007) 

(ii) Renewable Energy Master Plan (2007)  

(iii) Ministry of Mines and Steel Development (2008) 
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Humanity's energy needs keep increasing. Since the Industrial Revolution, 

societies' development has been largely based on the use of fossil fuels (oil, gas, 

and coal). In 2007, over 80% of primary energy consumed worldwide came from 

fossil fuels, which rank first in the global energy mix (IEA, 2009).  

Over the last few decades, demographic growth and the rise of emerging 

countries (India and China) have increased energy demand and it is likely to 

continue. According to the International Energy Agency (IEA), energy demand is 

set to rise 45% between 2006 and 2030 (IEA, 2008). 

 

3.4 Future Global Energy Mix  

The change in the global energy mix over the next few decades is linked to many 

factors, such as: 

i. Growing demographics and changes in consumer behaviour  

(growing energy savings, increased use of public transport, etc.) 

ii. Widespread energy policies in response to the new environmental stakes 

(research funding, specific regulations, tax incentives to encourage 

consumers to use hybrid vehicles, etc.) 

iii. The pace at which non-fossil fuels are developed and distributed (each 

new technology takes about 20 years to become profitable and 

widespread in the construction and automobile industries- areas where 

turnover is low) 

iv. The discovery of new oil and gas deposits 

v. Supply options (linked to the political context) 

vi. Energy pricing 

 

Intergovernmental Panel on Climate Change (IPCC) and IEA experts take all 

these factors into account when building possible future scenarios for the 

changing energy mix. Apart from the distribution of different energy sources, 

these scenarios account for the amount of CO2 emissions and resulting rising 

temperatures (because of the accelerating greenhouse effect). For example, the 

IEA has drawn up a highly ambitious scenario for the global energy mix in 2030, 

according to which the international community would set a maximum target of 

2° temperature rise with a CO2 content of 450 ppm by 2100. This energy mix would 

be broken down as follows: 

a. Oil would provide 30% of primary energy consumed worldwide, 

compared to 34% in 2007 

b. Natural gas would provide 20.5% compared to 20.9% in 2007 

c. Coal would provide 16.6% compared to 26.5% in 2007 

http://www.planete-energies.com/en/glossary-200053.html&Letter=C#co2
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d. Nuclear energy would provide 9.5% compared to 5.9% in 2007 

e. Renewable energy would provide 23.4% compared to 12.7% in 2007 

 

In this scenario, consumers would use less oil and coal in favour of nuclear and 

renewable energy, which emits fewer greenhouse gases. This is called 

decarbonizing the energy mix. 

 

3.5 Energy Access in Nigeria 

Modern energy services are crucial to human well-being and to a country’s 

economic development. Access to modern energy is essential for the provision of 

clean water, sanitation and healthcare and for the provision of reliable and 

efficient lighting, heating, cooking, mechanical power, transport and 

telecommunications services. The World Energy Outlook (WEO) has for more than 

a decade devoted attention to the topic of energy access, informing the 

international community with key quantitative analyses, including energy access 

databases, projections and estimates of the investment needs and implications 

for global energy use and carbon-dioxide (CO2) emissions of universal energy 

access (OECD/IEA 2012). 

 

There is no universally-agreed and universally-adopted definition of modern 

energy access. For example, the UN Secretary General’s Advisory Group on 

Energy and Climate (AGECC) defines energy access as access “to a basic 

minimum threshold of modern energy services for both consumption and 

productive uses. Access to these modern energy services must be reliable and 

affordable, sustainable and where feasible, from low-GHG-emitting energy 

sources”. 

  

In Nigeria for example, this definition cannot be applied to the measurement of 

actual data simply because the level of data required does not exist in a large 

number of cases. As a result, energy access databases focus on a simpler binary 

measure of those that do not have access to electricity and those that rely on the 

traditional use of biomass for cooking. This is disaggregated (either with data or 

estimation) between those in urban and rural areas within a given country. This 

level of reporting is far from optimal but is driven by severe data limitations. 

  

3.5.1 Energy Development Index  

Tracking progress through effective energy development indicators is a critical 

energy access issue. Since 2004, WEO had presented an Energy Development 
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Index (EDI), which is devised as a composite measure of a country’s progress in 

transitioning to modern fuels and modern energy services, as a means to help 

better understand the role that energy plays in human development.  

 

Energy development indicators should seek to quantify availability of modern 

fuels, the consumption of these fuels and how this consumption contributes to 

basic needs and human development. However, following this path from supply 

through to consumption and then impacts is fraught with challenges. Instead, a 

snapshot at country level is taken, segregating broadly between energy 

development at the household level and at the community level (Figure: 4).  

 

 

Figure 4: Energy development framework 

 

At present, only 10% of rural households and 40% of the country's total population 

have access to electricity. The country is looking towards further development of 

the hydropower resources and other renewable energies such as wind, solar and 

biomass to close the generation shortfall and foster the economic growth. The 

level of utilization of Nigeria's RE resources requires serious attention to salvage the 

country from a further energy crisis (Shaaban and Petinrin, 2014). 

 

Nigeria receives 5.08 x 1012 kWh of energy per day from the sun and if solar energy 

appliances with just 5% efficiency are used to cover only 1% of the country’s 

surface area, then 2.54 x 106 kWh of electrical energy can be obtained from solar 

energy. This amount of electrical energy is equivalent to 4.66 million barrels of oil 

per day (Sambo, 1996; Adisa, 2004). Studies relevant to the availability of solar 

energy resource in Nigeria have fully indicated its viability for practical use 

(Sambo and Doyle, 1986; Folayan,1988). 
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The situation in the rural areas of the country is that most end users depend on 

fuelwood. Fuelwood is used by over 60% of Nigerians living in the rural areas. 

Nigeria consumes over 50 million metric tonnes of fuel wood annually, a rate, 

which exceeds the replenishment rate through various afforestation programmes. 

Sourcing fuel wood for domestic and commercial uses is a major cause of 

desertification in the arid-zone states and erosion in the southern part of the 

country. The rate of deforestation is about 350,000 hectares per year, which is 

equivalent to 3.6% of the present area of forests and woodlands, whereas 

reforestation is only at about 10% of the deforestation rate (Sambo, 2009). 

 

3.6 Energy consumption pattern in Nigeria 

The energy chain to deliver services begins with the collection or extraction of 

primary energy, which is then converted into energy carriers suitable for various 

end users.  These energy carriers are used in energy end-use technologies to 

provide the desired energy services. 

 

Energy utilization in Nigeria are chiefly in the transportation sector and in 

conversion of energy resources to electricity for household and industry. 

Electricity, as the most popular form of energy, was first produced in Lagos in 1896 

– a 60KW of electricity, higher than the maximum demand as at then. Electricity 

generation officially commenced in 1946 when the colonial government 

mandated the Public Works Department to supply electricity to Lagos State. The 

Electricity Corporation of Nigeria (ECN) was established in 1950 and charged with 

electricity development and supply (Obadote, 2009). Then the Niger Dams 

Authority (NDA) was established by an Act of Parliament to generate electricity 

from water power along the River Niger and elsewhere. On April 1, 1972, the ECN 

and NDA were merged into the National Electric Power Authority (NEPA) 

responsible for electricity generation, transmission and distribution throughout the 

country. NEPA renamed Power Holding Company of Nigeria (PHCN) in 2004 

struggled to meet increasing demands and up till today, majority of Nigerians 

have either no electricity or inadequate supply.  

In 2005 the Federal government of Nigeria initiated the Electric Power Sector 

Reform Act (EPSRA) after amending the electricity and NEPA laws which were the 

prevailing laws as at 1998. The amendments were to remove NEPA’s monopoly 

and encourage private sector participation, although there were no tangible 

results (Uzoma, et al., 2012). The reform for the sector was revived in 2010 with the 

Power Sector Reform Roadmap, which is being implemented despite some 
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challenges. The Power Sector Reform has led to the unbundling of the Power 

Holding Corporation of Nigeria (PHCN) into 18 different companies - 11 distribution 

companies, 6 generation companies and 1 transmission company (ONEC, 2013).  

The prevailing energy crisis in Nigeria’s energy consumption mix is dominated by 

overdependence on biomass, particularly fuel wood. In spite of the fact that oil is 

the mainstay of the economy, its contribution to the energy consumption mix is 

however, appalling. The reason is not far-fetched: only about 40% of Nigeria’s 

about 200 million people are connected to grid electricity and without power 

over 60% of the time (Obadote, 2009). The use of coal is now almost extinct having 

since been jettisoned in the wake of oil discovery and the 1970s’ boom. The global 

popularity of Renewable Energy technologies has not instigated tangible political 

thrust and will either, locally. 

The International Standard Industrial Classification (ISIC) is a United Nations system 

for classifying economic data, according to category E division 40. The electricity 

statistic includes generation, collection, transmission and distribution of electric 

energy for sale to all categories of consumers (Central Bank of Nigeria, 2013; 

OECD, 2002). In Nigeria, this information can only be obtained from PHCN 

publication in its annual reports and accounts. Nigeria Electricity consumption per 

capita between the 2010 and 2014 is 149kWh which is less than half of Ghana and 

incomparable to other developed nations (World Bank, 2015).  

Energy crisis in Nigeria has been a concern for both the Nigerian government and 

the people for the past four decades (ONEC, 2013). While other countries with 

similar problems have long overcome the predicament, Nigeria still looms in pitch 

darkness (Tunde et al., 2016). Businesses have relocated from the country due to 

inability of the national power supply to meet their demand while homes have 

had to adapt to the epileptic power supply or in some cases total blackout 

(MacKay, 2008). The few companies operating in Nigeria largely depend on the 

off-grid supply using diesel/gas/petrol-powered electric generators thereby 

running at huge overhead costs and contributing to greenhouse gas pollution 

among other harmful environmental problems. Tunde et al. (2016), quoted the 

DG of Centre for Management Development, as saying that in 2012, 60 million 

Nigerians spent N1.6tn on generators annually. It has been adduced that in the 

world ranking of environmental pollution, Nigeria’s category is low compared to 

world leaders like China, Japan, USA and Great Britain (Emovon, et al., 2010). This 

is largely attributed to low level of industrialization in the country owing to the 

energy crisis in Nigeria. 



   

45th ATBU INAUGURAL LECTURE SERIES  Page 20 of 61 
 

ABUBAKAR TAFAWA BALEWA UNIVERSITY, BAUCHI, NIGERIA 

Nigeria is a country that is well endowed with fossil fuels and renewable energy 

sources of hydro, solar, biomass and wind. The energy consumption pattern in 

Nigeria can be described as being “immediate-demand” driven rather than all 

encompassing, i.e, considering the energy requirement, the environment, the 

energy type, etc. However, it has been found that: 

i. Human and animal power provides the “bulk” of the energy requirements 

for agricultural production. 

ii. In the household sector, fuel wood formed the bulk of energy source for 

cooking – an activity that is carried out in almost all homes. 

iii. The private companies in charge of distribution of Electricity in Nigeria 

(DISCOs) dominate the energy supply to the industrial sector. This is 

supplemented by electricity generating sets that are fueled by automotive 

gas oil (AGO) or prime motor spirit (PMS) 

iv. For the transport sector, automotive gas oil (diesel) is the fuel used for trucks, 

lorries and buses. Aviation kerosene is used for air transport while prime 

motor spirit (petrol) is used for “small” cars and buses. About 74% of the 

petroleum products demand in Nigeria is for the transport sector while 19% 

is for the industrial sector. 

v. In the services sector, human power is used especially in the rural areas for 

lifting water from wells. Where applicable, diesel generators are used. The 

hospitals rely on rural electrification boards and diesel generators for 

lighting, storage of vaccines and sterilization. Boarding schools and 

correctional facilities tow the same line. 

 

The consumption of energy is inefficient whether in the household sector, 

transport sector, industrial sector or in the services sector. While more efficient 

consumption patterns, through more energy efficient end-use devices are 

strongly advocated, there is need to address the issue of environment especially 

as it affects fuel wood consumption, oil extraction and the construction of dams 

for hydroelectric power plants. 

 

It is therefore important that the country re-addresses its priorities in terms of 

energy production, distribution and consumption patterns. An analysis of the 

nation’s energy base shows that the nation stands to benefit immensely by 

ensuring that petroleum products are made to last for as many years as possible. 

This is possible if the country adopts many energy types (with great emphasis on 

solar energy) within the energy mix of the country. 
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3.7 Energy Planning in Nigeria 

Integrated energy planning is essential in achieving energy supply security. 

Energy demand and supply projection is also integral to energy planning at all 

levels. Energy, especially electrical energy, plays a vital role in the development 

of a State and indeed any nation. Its availability, accessibility and affordability 

determines the spate and state of development. Energy demand in Nigeria 

currently outstrips the supply with attendant cost implications. Nigeria has vast 

energy resources of both the conventional and renewable categories.  

 

Prior to 1999, the energy sector witnessed insignificant infrastructural 

development. New power plants and refineries were not built and old ones not 

properly maitained, bringing the energy sector to a deplorable condition. 

Electricity generation went down from the 5,600MW generation capacity to 

about 1,750MW in 2001. Only 19 out of 79 installed operating units were functional. 

Similar trend was observed in the petroleum sector as refineries were not able to 

meet domestic demand. 

 

Energy Commission of Nigeria (ECN) was established by act 62 of 1979 as 

amended by acts 32 of 1988 and 19 of 1989. Statutory mandate is for the 

production of strategic plans and coordination of national policies on energy in 

all its ramifications. Energy Commission of Nigeria (ECN)collaborated with IAEA 

and acquired knowledge on Energy planning tools. ECN became part of 

Sustainable Energy Development for Sub Saharan Africa project (RAF/0/016) in 

2001. The project entailed capacity building for energy planning and 

determination of the actual energy demand and the strategy to supply for each 

participating country over a 30-year period. Implementation required Country 

Study Team (CST) and a Working Team that involves major stake holders in the 

energy sector. Working team comprises of experts directly involved in the 

implementation of project and reports to the CST (Ojosu,2009). 

 

Members of the working team were trained on the use of IAEA energy modeling 

tools with which they computed the Nigerian energy demand and supply 

projections covering 2005 to 2030. The typical modelling tools used were: 

1. Model for the Analysis of Energy Demand (MAED) 

2. Model for Energy Supply Strategy Alternatives and their General 

Environmental Impacts (MESSAGE) 
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The Energy Demand and supply projections to 2030 were arrived at as in Tables 2 

and 3 

Table 2: Electricity Demand Projections Per Scenario, MW 

  

  Source: ECN (2007): National Energy Masterplan 

 

Table 3: Electricity Supply Projection Per Scenario, MW 

 

Source: ECN (2007): National Energy Masterplan 
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Electricity supply mix 

Table 4: Future Installed Electricity Generation Capacity by Fuel (Reference 

Case), % 

 

Source: ECN (2007): National Energy Masterplan 

The use of modern energy modeling tools to adequately plan for energy demand 

and supply is a path that all the developing and fast-growing countries have 

towed. For Nigeria to be one of the 20 strong economies in the world beyond 

2020, energy planning at the level of both the federal and state governments, 

has to be mainstreamed into the national development plans.  

 

4.0 ISSUES AND CHALLENGES 

Rising greenhouse gas emissions are not just generating climate change. They are 

giving more and more of us climate anxiety. Scientists from all over the world tell 

us that carbon emissions must be drastically reduced or we face disaster. Most 

scientists, politicians, and business leaders tend to put their hope in technological 

progress. Regardless of ideology, there is a widespread expectation that new 

technologies will replace fossil fuels by harnessing renewable energy such as solar 

and wind. 

“Many trust that there will be technologies for removing carbon dioxide from the 

atmosphere and for reengineering the Earth’s climate. The thought in these visions 

is the faith that we can save modern civilisation if we shift to new technologies. 

But “technology” requires a lot of money, which means claims on labour and 



   

45th ATBU INAUGURAL LECTURE SERIES  Page 24 of 61 
 

ABUBAKAR TAFAWA BALEWA UNIVERSITY, BAUCHI, NIGERIA 

resources from other areas. This is a crucial fact we tend to forget” (Hornborg, 

2019). 

 

The allocation of money for provision of all forms of energy is dependent on the 

appropriation of labour and resources from “elsewhere”. For the champions of 

sustainability, there is a conviction that the problem of climate change can be 

solved by engineers. The general consensus seems to be that the problem of 

climate change is just a question of replacing one energy technology with 

another. The very idea of technology is inextricably intertwined with capital 

accumulation, unequal exchange of currencies and the idea of “all-purpose 

money”.  Shifting the main energy technology is not just a matter of replacing 

infrastructure – it means transforming the economic world order (Hornborg, 2019). 

  

The illusion that we have suffered from since the industrial revolution is that 

technological change is simply a matter of engineering knowledge, regardless of 

the patterns of global material flows. Technological progress and capital 

accumulation are two sides of the same coin.  

 

4.1 Issues 

Why is the long-anticipated transition to renewable energy “very-slowly” 

materialising in the world? One highly contested issue is the land requirements for 

harnessing renewable energy. Energy experts have estimated that the “power 

density” that can be harnessed per unit of land area – of renewable energy 

sources is so much lower than that of fossil fuels that to replace fossil with 

renewable energy would require vastly greater land areas for capturing energy. 

Visions of large-scale solar power projects have long referred to the good use to 

which they could put unproductive areas like the Sahara Desert. But doubts about 

profitability have discouraged investments. 

 

Access to affordable energy services is fundamental to human activities, 

development, and economic growth. It is access to energy services, not energy 

supply per se that matters. More than two billion people cannot access 

affordable energy services based on efficient use of electricity and gaseous and 

liquid fuels. Without access to energy, their opportunities for economic 

development and improved living standards are constrained. Women and 

children, relatively more dependent on traditional fuels, suffer disproportionately. 

Wide disparities in access to affordable commercial energy and energy services 

in both urban centres and rural areas are inequitable, run counter to the concept 
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of human development, and threaten social stability. Access to decentralized 

small-scale energy technologies is an important element of successful poverty 

alleviation (Allenby, 1999; Ausubel and Langford,1997) 

  

Emissions of anthropogenic greenhouse gases, mostly from the production and 

use of energy, are altering the atmosphere. There is new and stronger evidence 

that most of the warming observed over the last eighty years is attributable to 

human activities and that significant climate change would result if twenty-first 

century energy needs were met without a major reduction in the carbon 

emissions of the global energy system (Bruntland, 1987). Dependence on 

imported fuels leaves many countries vulnerable to disruption in supply, which 

might pose physical hardships and economic burdens; the weight of fossil fuel 

imports on the balance of payments is unbearable for many poorer countries. The 

current energy system of industrialized countries is heavily dependent on fossil 

fuels, which are geographically concentrated in a few regions of the world. 

Finding ways to expand the quality and quantity of energy services while 

simultaneously addressing the environmental impacts associated with energy use 

represents a critical challenge to humanity. Options for using energy in ways that 

support sustainable development, which requires a consistent focus on social, 

economic, and environmental processes, analysis using energy scenarios 

indicates that it is possible to address simultaneously the various sustainable 

development objectives, using available resources and technical options. 

 

4.2 Challenges 

Presently, over seventy-six million Nigerians or about 40.7% of the Nigerian 

population are not connected to the national power grid. The main problem is 

that presently, total installed generation capacity is 12,522 MW (World bank, 

2016), and average operational  generation capacity is 3,879MW of which 7.4% 

is lost in transmission, and up to 27.7% load is rejected at distribution. This leaves 

Nigeria with just about 2,519MW. As a result, Nigerians self-generate a significant 

portion of their electricity with highly polluting off-grid alternatives and (most 

times) at a cost estimated to be more than twice the cost of grid-based power 

(CSEA, 2020). 

 

Currently, Nigeria’s energy mix is dominated by the fossil fuels, i.e. oil and gas. 

However, to attain the vision 20:2020 intent, Nigeria needs to diversify its energy 

mix with renewable energy sources (Adisa, 2005; 2006). Nigeria has vast 

renewable energy resources including hydro (small and large hydro power), solar, 

http://mypower.ng/wp-content/uploads/2018/01/Baseline-Report.pdf
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wind and biomass. Utilization of the nation’s renewable energy resources will 

reduce the country’s dependence on fossil fuels and provide an economically 

stable source of energy to the power generation mix. The country needs to 

develop a technologically driven renewable energy sector that will harness the 

nation’s resources to complement its fossil fuel consumption and guarantee 

energy security. 

Some of the key challenges in the Nigerian Electricity Supply Industry (NESI) 

include: 

1. Infrastructure Constraints across the entire value chain from fuel to power 

distribution chain, including undiversified energy sources for electricity  

2. Insufficient End-User Tariffs/Pricing: Due to rising supply cost that have not 

been accompanied by timely adjustments to tariffs. 

3. Inability to Reduce Aggregate Technical, Commercial and Collection 

(ATC&C) Losses:  

4.  Sector’s Cash Shortfalls:  

5. Debts, Electricity Theft, and Non-payment Culture of the 

Public: Especially government ministries, department and agencies  

6. Sector governance: Inconsistent enforcement of rules and policies  

 

To enhance the effectiveness of service delivery in NESI, several interventions are 

needed to attract significant private sector capital, improve baseline power 

supply with data-driven innovations, and enhancing sector governance. It should 

be noted that (CSEA, 2020): 

a. Operational and Technical Interventions are urgently needed to improve 

baseline power supply (using data-driven, innovative on- and off- grid 

solutions) 

b. Governance Intervention is necessary to improve sector governance and 

transparency; a clear and concise contractual, regulatory, and financial 

framework is a critical requirement for attracting private sector capital to 

the NESI.  

c. Regulatory and Policy Interventions, in relation to tariff that balances the 

protection of electricity customers with the interests of investors especially 

in a timely manner are needed. 
 

 

 

 

 

https://www.energyforgrowth.org/memo/five-electricity-policy-priorities-for-nigeria/
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5.0 RENEWABLE ENERGY 

A renewable resource is a natural resource which replenishes to overcome 

resource depletion caused by usage and consumption, either through natural 

reproduction or other recurring processes in a finite amount of time in a human 

time scale. Renewable resources are a part of Earth's natural environment and 

the largest components of its ecosphere. A positive life cycle assessment is a key 

indicator of a resource's sustainability. 

Renewable energy is energy that is collected from renewable resources, which 

are naturally replenished on a human timescale, such as sunlight, wind, rain, tides, 

waves and geothermal heat (Ellabban et.al, 2014). Renewable energy often 

provides energy in four important areas: electricity generation, air and water 

heating/cooling, transportation and rural (off-grid) energy services (REN21, 2010).  

 

Based on REN21's (Renewable Energy Policy Network for the 21st Century) 2017 

report, renewables contributed 19.3% to humans' global energy 

consumption and 24.5% to their generation of electricity in 2015 and 2016, 

respectively. This energy consumption is divided as 8.9% coming from traditional 

biomass, 4.2% as heat energy (modern biomass, geothermal and solar heat), 3.9% 

hydroelectricity and 2.2% is electricity from wind, solar, geothermal, and biomass. 

Worldwide investments in renewable energy technologies amounted to more 

than US$286 billion in 2015, with countries such as China and the United 

States heavily investing in wind, hydro, solar and biofuels (REN21, 2016). Globally, 

there are an estimated 7.7 million jobs associated with the renewable energy 

industries, with solar photovoltaics being the largest renewable employer (IRENA, 

2015). As at 2015 worldwide, more than half of all new electricity capacity 

installed was renewable (Vaughan, 2016).  

 

The Renewables Global Status Report (GSR) is the most frequently referenced 

report on the renewable energy market, industry and policy trends. This annual 

report details the current status of the deployment of renewable energy 

technologies globally. The GSR has been produced since 2005 and covers the 

energy sector (power, heating and cooling and transport), reporting on policy 

development, energy industry, investment and market. The report is based on 

data and information contributed by the REN21 member network of more than 

900 experts and researchers from around the world. The GSR undergoes an open 

peer-review process, contributing to the full transparency of all data used in the 

report.  
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Nigeria is endowed with abundant energy resources, both conventional and 

renewable which can potentially provide the country with a sufficient capacity 

to meet the ambitions of both urban and rural Nigerians of a full, nationwide 

electrification level. Yet, Nigeria has one of the lowest consumption rates of 

electricity per capita in Africa. With demand exceeding generation, there is 

inequitable access of rural communities to the electricity service in the country. 

There are inherent obstacles militating against the effective implementation of an 

orderly energy policy in Nigeria. The inefficiencies overshadowing the allocation 

of energy resources coupled with the gradual depletion of fossil fuels, make it 

imperative for the country to exploit its huge natural renewable resources to avoid 

a worsening energy supply scenario and provide feasible electricity to rural 

dwellers. 

 

Nigeria is endowed with abundant renewable energy resources; the significant 

ones being Solar, Biomass, Wind, Small and Large Hydropower with potential for 

Hydrogen fuel, Geothermal, Nuclear and Ocean energies. The estimated 

capacity of the main renewable energy resources is given in table 5 below: 

 

Table 5:  Nigeria’s Renewable Energy Resource Estimate 

     Energy Resources Estimated Reserve 

Large Hydropower 11,250 MW 

Small Hydropower (<30 MW) 3500 MW 

Fuel Wood 11 million hectares of forest and 

woodland 

Municipal Waste 30 million tonnes/year 

Animal Wastes 245 million assorted animals in 2001 

Energy Crops and Agricultural 

Residue 

72 million hectares of agricultural 

land 

Solar Radiation 3.5-7.0 kW h/m2/day 

Wind 2-4 m/s at 10 m height 

Wind speeds in Nigeria range from a 

low 1.4 to 3.0m/s in the Southern 

areas, except for coastal line and 4.0 

to 5.1m/s in the North. The Plateau 

area particularly interesting. 

     Source: Energy Commission of Nigeria; National Energy Master Plan (2007) 
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5.1 Solar power 

The sun represents one of the most promising sources of energy for replacing fossil 

fuels. Solar power is abundant, inexhaustible and free, and is more predictable 

than wind power. Thus, solar power has been highlighted as being one of the 

technological options that will significantly contribute to covering the worldwide 

energy demand with high ‘environmental returns’. 

 

The energy value of solar radiation can be exploited directly, or converted into 

other forms of useful energy using solar technologies (Solar Photovoltaics, Solar 

thermal systems). Solar power offers a large number of technological options with 

developments that must be strengthened. Concentrated Solar Power (CSP) 

technologies produce electricity by using mirrors or lenses to concentrate the 

sun’s rays over a large area to heat a medium (usually a liquid or gas) that is then 

used in a heat engine process (steam or gas turbine) to drive an electrical 

generator. CSP uses only the beam component of solar radiation (direct normal 

irradiance), and so its maximum benefit tends to be restricted to a limited 

geographical range (BEPA, 2014). 

 

Solar radiation represents the largest energy flow entering the terrestrial 

ecosystem. After reflection and absorption in the atmosphere, some 100,000TW 

hit the surface of Earth and undergo conversion to all forms of energy used by 

humans, with the exception of nuclear, geothermal, and tidal energy. This 

resource is enormous and corresponds to almost 6,000 – fold the current global 

consumption of primary energy which stands at about 13.7TW (IEA, 2004). Thus, 

solar energy has the potential of becoming a major component of a sustainable 

energy portfolio with constrained greenhouse gas emissions.   

 

Solar radiation is a renewable energy resource that has been used by humanity 

in all ages. Passive solar technologies were already used by ancient civilizations 

for warming and/or cooling habitations and for water heating; in the 

Renaissance, concentration of solar radiation was extensively studied and in the 

19th century the first solar-based mechanical engines were built (Butti and Perlin 

1980). The discovery of photovoltaic effect by Becquerel in 1839 and the creation 

of the first photovoltaic cell in the early 1950s opened entirely new perspectives 

on the use of solar energy for the production of electricity. Since then, the 

evolution of solar technologies continues at an unprecedented rate. Nowadays, 

there exist an extremely large variety of solar energy technologies, and 

photovoltaics have been gaining an increasing market share for the last 30 years. 
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Nevertheless, global generation of solar electricity is still small compared to the 

potential of this resource (EPIA, 2011). The current cost of solar technologies and 

their intermittent nature make them hardly competitive on an energy market still 

dominated by cheap fossil fuels. From a scientific and technological viewpoint, 

the great challenge is finding new solutions for solar energy systems to become 

less capital intensive and more efficient. Many research efforts are addressing 

these problems. Low-cost and/or high-efficiency photovoltaic device concepts 

are being developed. Solar thermal technologies are reaching a mature stage of 

development and have the potential of becoming competitive for large energy 

supply. Intermittency is being addressed with extended research efforts in energy 

storage devices, such as batteries and other electric storage systems, thermal 

storage, and the direct production of solar fuels (typically hydrogen). All these are 

valuable routes for enhancing the competitiveness and performance of solar 

technologies. 

 

The deployment of solar technologies for energy production at a large scale 

requires the involvement of technical, political and economic players. Constant 

improvements in the conversion efficiency and reduction of manufacturing cost 

is also imperative. Research efforts to find innovative solutions to overcome these 

barriers are still ongoing. In the last decade, photovoltaic technologies have 

experienced an astonishing evolution that led to the increase of the efficiency of 

crystal-silicon solar cells up to 25% and of thin-film devices up to 19%. Recently, 

nano-technology, innovative deposition and growth techniques, and novel 

materials opened routes for reaching higher performances and for developing 

very low-cost devices such as organic-based PVs (IEA, 2018). 

  

Solar thermal systems especially CSPs are at various stages of development with 

a lot being installed and operational in places like Egypt, Algeria etc. Their ability 

to overcome the intermittency problem using hybridization and thermal storage 

renders these technologies particularly suitable for large-scale electricity 

production. Direct production of chemical fuels, and particularly hydrogen, from 

solar energy is a promising alternative to using fossil fuels for the development of 

a sustainable carbon-free fuel economy. Solar energy has a large potential to be 

a major fraction of a future carbon-free energy portfolio (IEA, 2018). 

 

5.2 Renewable Energy Storage 

There have been many improvements over the last few years to both 

their performances and costs, yet, a significant problem remains: the wind does 
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not always blow because it is stochastic in nature, and the sun doesn't always 

shine because of cloud cover or the rotation of the earth. Any power grid that 

relies on these fluctuating sources will always struggle to constantly match supply 

and demand. 

 

There are existing storage technologies like lithium batteries and flow battery that 

would not be good for large power processes, due to their high cost per unit 

energy. Currently, over 99% of large-scale electricity storage is handled 

by pumped hydro dams, which move water between two reservoirs through a 

pump or turbine to store or produce power. There are limits to how much more 

pumped hydro can be built due to its geographical requirements. Other storage 

systems being put to use include, Gravity based storage, Thermal photovoltaic 

engine storage, Advanced compressed air energy storage and Cryogenic 

energy storage 

 

The promising storage option currently under test is pumped thermal electricity 

storage. This technology has been around for some time now and its currently 

being tested in pilot plants. Pumped thermal electricity storage works by turning 

electricity into heat using a large-scale heat pump. This heat is then stored in a 

hot material, such as water, gravel or molten salts inside an insulated tank. When 

needed, the heat is then turned back into electricity using a heat engine. These 

energy conversions are done with thermodynamic cycles, the same physical 

principles used to run refrigerators, car engines or thermal power plants. 

 

Concentrated solar power and pumped thermal electricity storage share many 

similarities, but while concentrated solar power plants produce energy by storing 

sunlight as heat (and then converting it to electricity), pumped thermal electricity 

storage plants store electricity that may come from any source – solar, wind or 

even nuclear energy, among others. 

 

Pumped thermal electricity storage plants can be installed anywhere, regardless 

of geography. They can also easily be scaled up to meet the grid's storage needs. 

Its disadvantage is the relatively modest efficiency – 50-70% efficiency compared 

to 80-90% for lithium-ion batteries or 70-85% for pumped hydro storage; what 

arguably matters most is cost: the lower it is, the faster society can move towards 

a low carbon future (Koen and Antunez, 2020).  

 

 

https://doi.org/10.1016/j.pnsc.2008.07.014
https://doi.org/10.1016/j.pnsc.2008.07.014
https://www.energy.gov/eere/water/pumped-storage-hydropower
https://doi.org/10.1016/j.rser.2016.10.065
http://www.british-hydro.org/pumped-storage/
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6.0 WHAT HAVE I BEEN DOING? 

6.1 My humble contributions 

Mr. Chairman sir, 

My concern for “energy availability, management and use” started when I was 

appointed the secretary to the Energy Group of ATBU in 1996 by the then Vice 

Chancellor. The group later metamorphosed into the Centre for Energy research 

of ATBU, and I served as its Director from 2004 to 2008. During this time, I 

participated in the request for a national centre at ATBU from the Energy 

Commission of Nigeria and eventually the National Centre for Petroleum 

Resources Development (NCPRD) was established. Today, NCPRD is championing 

the documentation and eventual utilization of geothermal energy (a form of 

renewable energy) Nigeria. 

 

The energy commission of Nigeria (ECN) has been in the fore front of providing 

relevant advice to government on energy matters. The National Energy Master 

Plan and the Renewable Energy Master plan are relevant documents produced 

by the ECN. Together with other researchers, I actively participated in their 

preparation and subsequent presentation. 

 

As part of my duties in ATBU, I have supervised to completion (either as chairman 

or member of supervisory committee) seven (7) PhDs with the eighth awaiting 

Senate approval and eighteen (18) M. Eng. candidates (in energy related areas) 

with others at various stages of completion. I am happy to say that some of these 

“gentlemen” are here with us today. 

 

Mr. Chairman Distinguished ladies and gentlemen, some of the projects I 

undertook included the following: 

 

6.2 UNICEF assisted solar refrigerators project 

UNICEF D Zone in Bauchi provided solar refrigerators to some hard-to-reach areas 

of the North East of Nigeria in order to boost immunization in Nigeria. The Centre 

for Energy Research, Abubakar Tafawa Balewa University, as a partner of UNICEF 

D zone Bauchi was saddled with installation and commissioning. There were also 

assessments of installed solar refrigerators in the North Central states of Nigeria. 

We carried out the following: 

 Complete installation and commissioning of Solar panels and Solar 

Powered Refrigerator in Rogo Local Government Area of Kano State 

(1997); Kula MCH, Shelleng Local Government Area of Adamawa State 
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(Feb., 2007); Mbutalawiwi, Hawul Local Government Area of Borno 

State. (Feb., 2007);  

 Assessment of installed systems and Complete installation of Solar panels 

and Solar Powered Refrigerators in Nasarawa Eggon, Asakio, Lafia and 

Doma in Nasarawa State. (Mar., 2008) 

 

As a follow up to the problems encountered by the cold chain officers, in August 

2007, UNICEF D Zone organised Workshops on maintenance of Solar Refrigerators 

where we participated as resource persons. In addition, practical demonstrations 

were carried out and A 24 – page instructional manual; with illustrations and 

simple maintenance guide for Cold Chain Officers and Technicians was 

produced. The states involved included the following: Kano, Gombe, Adamawa, 

Borno, Taraba, Plateau, Nasarawa, Jigawa, Yobe and Bauchi States. (Bello, 2007; 

2008) 

  

6.3 Solar street lights/borehole projects 

The ECN in its effort to provide energy for Nigerians embarked on the provision of 

solar street lights and solar boreholes in areas where the National grid has not 

been connected due to load requirement or accessibility. 

 

The provision of stand-alone solar street lights in Bajoga, Gombe State and stand-

alone solar street lights and solar powered boreholes in Dampar, Taraba State 

was carried out under this arrangement. A bill of engineering measurements was 

carried out and the contractor (ATIL, ATBU BAUCHI) considered same. Once the 

sites were located, surveyors were used (for taking levels) in the case of street 

lights and geophysical survey was carried out in the case of bore holes. Material 

procurement, production of the poles to specifications (as given by ECN) and 

casting of the concrete bases were done before fixing the lamps. These has been 

done and handed over to the client. 

 

6.4 Solar drying 

A proper drying process and control of agricultural produce are necessary not 

only to preserve and promote quality but also to minimize energy inputs. On the 

Mambilla plateau, the weather condition is very good for tea cultivation; the 

same weather condition is not conducive for processing by sun drying, especially 

during the main harvest season. The other known methods are expensive for the 

local farmers. We came up with a simple design which combines solar thermal 

drying process with heating using photovoltaic cells. The results showed that this 
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can provide tea farmers with low cost yet effective solution in tea drying; it will 

lead to the production of high quality and better throughput especially in the 

situation of ever-changing weather condition (Umar, 2018). The equipment is 

ready and can be deployed for use in the field. In the same vein, we developed 

and tested a solar – gas dryer for drying “soya – cheese (awara)” in the humid 

environment of Calabar. 

 

6.5 Solar water heating 

Most solar water heating systems produce one value of temperature as an 

output. An active solar water heating system that would supply hot water at 

various temperatures of 540C, 430C, 600C (for clinical purposes) was developed 

and tested and found to be effective and ready to be deployed to hard-to-reach 

areas especially in the semi-arid areas of northern Nigeria. The analyses of the 

system based on monthly average daily performance revealed that, the month 

of August recorded least performance, though this was used as the designed 

month. The poor performance of the system in August was attributed to the 

clearness index for the month and the consideration of the solar fraction (f) factor 

less than one. Despite these, the system provided daily domestic hot water as 

designed for the three applications (Adisa, et al., 2017; Duvuna, 2018) 

 

6.6 Solar cooker 

Cooking is an important day – to – day activity. Solar cooking has been done and 

a lot is still being done. However, it can be further improved if solar energy is 

properly harnessed and popularized in Nigeria. Different types of solar cooking 

devices are already in existence some of the ones we developed include: Box – 

type Solar cooker, Flexible reflector box – type Solar cooker, Concentrating Solar 

cooker, Solar cooker with storage medium, Solar Ovens, etc.  (Adisa, 2004; 2006). 

 

6.7 Solar concentrating systems 

In the work of Dandakouta (2004) that showed the relevance and applicability of 

solar concentrating units, the optimization of parabolic solar dish collector was 

carried out in Bauchi, (Lat:10.330N, Long: 9.830E) and subjected to a period of very 

turbid atmospheric condition (0.202 ≤ β ≤ 0.53) for not less than 33% of the year. 

During these period dust particles suspended in the lower part of the atmosphere 

add up in a very significant way to the other factors that result in solar radiation 

attenuation (Shu’aibu, 2014). The attenuating effect of dust particles on solar flux 

generally affects the value of the solar constant more than it does the intensity of 

the beam aperture irradiance. Also considered in the work is the sky clearness 



   

45th ATBU INAUGURAL LECTURE SERIES  Page 35 of 61 
 

ABUBAKAR TAFAWA BALEWA UNIVERSITY, BAUCHI, NIGERIA 

index within the location. The mean hourly clearness index for Bauchi has been 

found to be in the range of 0.45 and 0.85 (i.e. 0.45 ≤ Kt ≤ 0.85) (Baba, 2004). Arising 

from this works, a program that computes the optimal values of the parabolic 

concentrator dimensions by selecting the optimal receiver size and maximizing 

the collector efficiency at an optimal temperature was developed. Despite these 

constraints, a temperature of 4490K (4216.85oC) with efficiency of 87.7% can be 

generated using the Parabolic solar dish concentrator and cavity receiver. This 

shows that with proper design, the CSP technology can be deployed in Bauchi 

(Adisa, 2012a; Shu’aibu, 2014).  

 

6.8 Solar car project 

We started with a successful design and implementation of a one-step reduction 

gear box solar powered cart (Shuaibu and Elechi, 2016). Then the issue of broken-

down tricycles littering the environment was noticed. We have successfully 

demonstrated through design and implementation (from our research work) that 

the tricycle popularly called keke – napep can be converted to solar based units. 

This means that we can reactivate the abundant wasted units and reduce the 

incidence of environmental pollution (CO, CO2 and HCs) as is currently the 

practice. The unit is currently undergoing the finishing stages; all technical tests 

carried out showed that it is viable. The commercial aspect is expected to 

determine the costs and associated payback period. 

 

6.9 Wind energy 

Wind energy is a free, clean and inexhaustible energy source. It has served 

mankind for many centuries by propelling ships and driving wind turbines to grind 

grains and pump water. The major challenge to using wind as a source of 

electricity generation is that wind is intermittent (Stochastic) and it does not 

always blow when electricity is needed. Our work was based on Weibull and 

Rayleigh models using 17 years mean monthly wind speed data collected from 

the Nigeria meteorological station, Abuja at 10m height (1990 – 2006). The 

locations in northern region of Nigeria that were found quite viable for electricity 

generation are Jos, Kano, Sokoto and Maiduguri while for the southern region of 

Nigeria are Lagos and Enugu. These locations were found to have wind power 

density above 100W/m2. Reliably, wind energy conversion systems (WECS) can be 

installed for electricity generation in these areas with excellent percentage of 

clean energy. In terms of energy production, the results show that Jos Plateau is 

best location for harnessing wind power for electricity generation with an average 

wind power density of 713.95W/m2. Bauchi with highest power density of 31.45 
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W/m2 for Weibull and 37.06 W/m2 for Rayleigh in the month of May can only be 

used for water pumping. (Ahmed et. al. 2013, 2014a, 2014b; Abdullahi et. al. 2013)  

 

6.10 Biodiesel 

The high energy demand in the industrial world and domestic sector as well as 

the pollution problems caused by emission from the use of fossil fuels has led to an 

intensive research in alternative fuels sources with lesser environmental impact. 

One possible alternative to fossil fuel is biodiesel from vegetable oils (edible and 

non-edible) which are currently being investigated in detail for application in 

compression ignition (CI) engines and spark ignition (SI) engines with no engine 

modification. Biodiesel blends from Neem oil (azadirachta indica), Jatropha 

curcas oil, Marula (Sclerocarya birrea) seed oil, and corn cobs have been 

confirmed, for use from our studies, in Nigeria. (Ejilah et. al. 2010; 2012; Abioye et 

al. 2013; Abdulkadir et. al. 2014a, 2014b) 

 

6.11 Biofuel 

A large population of Nigerians lives in the rural areas, where the only form of 

available energy is firewood. The recycling of livestock wastes through 

biodigesters to produce biogas for cooking and nutrient-rich effluent as fertilizer is 

one of the ways to reduce dependence on fossil fuel-derived inputs in an 

environmentally friendly way that benefits especially small-scale farmers. We 

have developed plastic biodigesters, biogas stoves that can be readily deployed 

in the rural areas of Nigeria. In addition, biogas digester for domestic applications 

using varied substrates have also been developed and is ready to be deployed. 

Biogas if properly harnessed can play a significant role in expanding and 

enriching the energy mix in the country in the years ahead. (Adisa, 2007; Ismaila, 

et al., 2014; Yarebu, 2018;) 

 

Mr. Chairman, distinguished ladies and gentlemen, because of my background, 

the following are a few of the works carried out, though energy related, they are 

not strictly in the realms of renewable energy: 

 

6.12 Simulation of wood burning stove 

The wood burning stove has been put to use in Nigeria to reduce the amount of 

wood burnt using the traditional 3-stone-stove. The early designers have relied on 

empirical methods and new designs were based on operating results from existing 

ones. We developed a software (at beta stage) for the purpose of system study 

through modeling and simulation to aid analysis, understanding, design, and 
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operation or control systems without actually constructing and operating the real 

system.  Test results showed that if a system is built with simulated parameters 

(depending on initial specifications), the performance of the wood burning stove 

will greatly improve. Laboratory tests have since confirmed this. We the authors 

therefore “concluded” that a design tool to aid the production of efficient wood 

burning stove have been produced (Adisa, 2003; Asere, et. al 2003; Adisa, et al. 

2004; Adisa, et al, 2010). 

6.13 Design of a Rotary kiln for gypsum calcinations 

The Raw Materials Research and Development Council (RMRDC) organized a 

competition in 2004 tagged, ‘1st NATIONAL COMPETITION ON DESIGN OF PROCESS 

EQUIPMENT AND PROCESS PLANTS’, with a set of checklists for equipment design. 

In line with the requirement of the competition, the design of a rotary kiln for the 

calcinations of gypsum was carried out. The design calculations, the component 

sizes, which were the results of the computations, were produced. There were 

thirty-six (36) component parts carefully analyzed and fully designed. The final 

assembly drawing was also presented. Our team was named HABMUM; I led the 

technical work and presentations. The team won the second-best prize in Nigeria 

Muhammad et al, 2004). This design was adopted in the production of a cassava 

dryer that was sponsored by NASENI and manufactured at the CIS, ATBU 

 

6.14 The Cassava pelletizing machine 

The Abubakar Tafawa Balewa University Bauchi (ATBU) and Raw Materials 

Research and Development Council, Abuja (RMRDC) signed a linkage on 

cooperation in research and development. This linkage is an avenue created for 

both organizations to contribute to the development of the country – a mandate 

shared by both organizations. When the President of the Federal Republic (Former 

President Olusegun Obasanjo) announced the need for increase in the 

production of cassava, the RMRDC thought of storage before export hence the 

need for a pelletizing equipment. 

 

From the client’s specification, the equipment should have a capacity of 

between one and ten tonnes per day. We considered an average of five tonnes 

per day, ten working hours a day, the feed rate was found to be 500kg/hour. 

The important factors considered in the design of the equipment included: 

Properties of the raw material, Process characteristics, Flow of material to and from 

the equipment, Product qualities and Factors related to proposed site of 

installation. Complete design of the Die, Kneader, Boiler, mixer and feeder and 
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their associated components were carried out. The work has been defended and 

submitted to RMRDC and a manufacturer was selected for the production of the 

equipment. However, changes in government and government policies have 

stalled the realization of the equipment (Jatau, et al, 2006). 

 

6.15 Use of Composite Materials 

Combining the concept of waste to wealth and the use of indigenous raw 

materials, we have started to develop some essential parts in the automotive 

industry to justify the local content policy of the Federal Government. We have 

developed the car bumper with a composite material where waste sheep wool 

replaced fibre glass (Adisa and Dan-Mallam, 2009); developed the Car fender 

with a composite material where sisal replaced fibre glass (Gai, et al. 2011; Adisa 

et al., 2015) and now working on Production and analysis of bioresin from 

renewable source to replace polyester (Sadiq et al., 2016, 2017, 2018). 

 

6.16 Yankari Resort Safari Project 

The Bauchi State government set out to improve tourism in the state by 

redeveloping the premier game reserve in Alkaleri Local government: The Yankari 

Game Reserve. I served as a mechanical consultant on the project representing 

Expert Engineering Services. The mechanical services involved the design for 

water, waste water/soil disposal, drainage, and firefighting and air conditioning 

systems. The work commenced after the Environmental impact assessment was 

carried out. The terrain and biodiversity in the camp was very challenging. Despite 

all challenges, the work was delivered to the client. (Bello, 2006a; Bello 2006b) 

 

6.17 Manufacturing in the CIS 

The Centre for Industrial Studies (CIS) of the Abubakar Tafawa Balewa University, 

(ATBU) Bauchi is equipped for training Undergraduate students, Postgraduate 

students and professionals/nonprofessionals leading to various degrees and 

professional certification. I served as the director for four years and oversaw the 

operations of the centre. The Centre is equipped and can serve as a unit for 

generating revenue for the university. It has been used to train welders in all forms 

of welding. To further demonstrate its capability, we produced the following: 
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 Dissecting tables for use in the Faculty of Medical Sciences, Bauchi State 

University, Gadau 

 Surgical operating Bed for Al-Iman hospital Bauchi 

 Solar – gas dryer for drying soya – cheese in Calabar 

These shows that if properly managed, a lot can be done in the Centre 

 

 7.0 BEYOND NOW 

Mr. Chairman, distinguish ladies and gentlemen, as related in the course of this 

presentation, my focus is to continue to research into materials (for composites) 

to satisfy the local content especially in the automotive industry and also finding 

ways of utilizing the available renewable form of energy optimally. Manpower 

development in these areas is also of importance and therefore it will engage my 

attention. Efforts will be made to develop market-ready prototypes of completed 

research work and for the on-going projects, efforts will be geared towards 

completing them. 

My other area of focus will be to promote the integration of Emotional Intelligence 

(EQ) into engineering education by the facilitation of EQ skills in the engineering 

curricula. This I believe will further enhance engineering students and graduates 

function effectively in the workplace either as shop floor workers or 

leaders/captains of industries. 

7.1 Why is Nigeria underdeveloped? 

In economic terms, Nigeria is underdeveloped, because all signs of 

underdevelopment are staring glaringly in our face as a nation. Successive 

governments have indicated desire to transform the country be it in terms of 

provision of infrastructure, human capacity development and even in the realm 

of social and political development. Nigeria as a country has no doubt had a 

series of “development plans.” These include: the 1946 10-year Development and 

Welfare Plan for Nigeria, the First, Second, Third and fourth National Development 

Plans of 1962 – 68, 1970 – 74, 1975 – 80, and 1981 - 85 respectively; Integrated 

Development Initiatives which was referred to as rural development strategies, 

such as, Agricultural Development Scheme; National Accelerated Food 

Production Programme (NAFPP); and Directorate for Food, Road and Rural 

Infrastructure (DFRRI) from 1986 – 90;  The Rolling plans (1990-1999) which included 

the VISION 2010 and the National Economic Empowerment and Development 

Strategy (NEEDS). As a development planning initiative, Vision 20:2020 aimed at 
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growing the size of Nigeria’s economy from its position of the 41st to the 20th best 

economy in the world by the year 2020, and to be the African financial centre of 

choice by that same year was then proposed. Others are the MDGs and now the 

SDGs.  

 

Despite all of these laudable programmes and initiatives the developmental 

problems remain unabated. Various arguments have been put forward for the 

failure of development planning in Nigeria from 1962 to date (Ibietan and 

Oghator 2013). The poor quality of leadership has manifested in very tragic results 

for development planning initiatives in Nigeria. Unarguably, development in 

Nigeria has become somewhat elusive despite the fact that the country is blessed 

with abundant material and human resources. 

 

7.2 The evolution of human intelligence 

The nature and origins of hominid intelligence is a much-studied and much-

debated topic, of natural interest to humans as the most successful and intelligent 

hominid species. There is no universally accepted definition of intelligence; one 

definition is "the ability to reason, plan, solve problems, think abstractly, 

comprehend ideas and language, and learn." The evolution of hominid 

intelligence can be traced over its course for the past 10 million years, and 

attributed to specific environmental challenges. Intelligence is, however, the only 

adaptation which has allowed a species to establish complete domination over 

the rest of the natural world (ScienceDaily, 2013). Whether our species has 

acquired sufficient intelligence to manage this responsibility is a matter for debate 

in another forum.  

 

7.3 Intelligence across Cultures 

Psychologists have shown that the definition of human intelligence is unique to 

the culture that one is studying. Robert Sternberg is among the researchers who 

discussed how one's culture affects the person's interpretation of intelligence, and 

he further believes that to define intelligence in only one way without considering 

different meanings in cultural contexts may cast an investigative and 

unintentionally egocentric view on the world. To negate this, psychologists offer 

the following definitions of intelligence (Sternberg, 2004): 

i. Successful intelligence is the skills and knowledge needed for success in life, 

according to one's own definition of success, within one's sociocultural 

context. 

https://en.wikipedia.org/wiki/Psychology
https://en.wikipedia.org/wiki/Robert_Sternberg
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ii. Analytical intelligence is the result of intelligence's components applied to 

fairly abstract but familiar kinds of problems. 

iii. Creative intelligence is the result of intelligence's components applied to 

relatively novel tasks and situations. 

iv. Practical intelligence is the result of intelligence's components applied to 

experience for purposes of adaption, shaping and selection.  

 

One of the most common views on intelligence within American societies defines 

it as a combination of problem-solving skills, deductive reasoning skills, 

and Intelligence quotient (IQ) (a number that expresses the relative intelligence 

of a person) while other American societies point out that intelligent people 

should have a social conscience, accept others for who they are, and be able 

to give advice or wisdom (Serpell, 2000).  

 

IQ may help get you through school. But something more is needed to get you 

through life. Emotional intelligence, also known as the emotional quotient, or EQ, 

enables you to identify, assess and manage your own emotions and those of 

others. Having a high EQ means you recognize and understand emotions, and 

use this information to guide your thinking and actions. 

 

7.4 Definition of Emotional Intelligence 

Emotional intelligence - “is a term used to describe the various competencies that 

are essential for building, developing and managing relationships” (Peters, 2008). 

Emotional intelligence consists of two dimensions, intrapersonal intelligence and 

interpersonal intelligence (Palethorpe, 2006). 

i. Intrapersonal intelligence – “being intelligent in identifying your own 

thoughts and feelings (self-awareness) and being effective at dealing with 

those thoughts and feelings (self-management)”. 

ii. Interpersonal intelligence – “being intelligent in identifying the thoughts 

and feelings of others and between others (other awareness) and being 

effective in how we tailor our actions to work with others most appropriately 

(relationship management)”. 

 

7.5 Constituents of EQ 

i. Self-Awareness: the ability to be aware of, understand, accept, and 

respect oneself,   

https://en.wikipedia.org/wiki/Deductive_reasoning
https://en.wikipedia.org/wiki/IQ
https://en.wikipedia.org/wiki/Social_conscience
https://en.wikipedia.org/wiki/Wisdom
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ii. Self-Regulation: understanding that, how you respond can be 

managed and that the actions you take become a choice rather than 

a reflex 

iii. Motivation: the ability to work towards goals with consistent approach 

and a high standard of work 

iv. Relationship management: the ability to communicate effectively with 

others and express emotions rationally 

v. Social Awareness: recognising and understanding how others feel, what 

response is likely in any given situation and being able to empathise 

 

7.6 Emotional Intelligence and Leadership 

“Emotional intelligence is correlated to charismatic or transformational 

leadership. Transformational leaders project a vision that their followers believe in, 

and inspire and motivate their followers. Transformational leaders stimulate their 

followers’ intellect, and provide individual consideration and succor to their 

followers” (Ashkanasy and Daus, 2002). 

“There is, however a dark side to charismatic leadership. Leaders can be 

manipulative and emotionally demanding, especially when followers are open to 

such exploitation” (Ashkanasy and Daus, 2002). The types of leadership styles are: 

i. Resonant styles: “Company performance is boosted through the use of 

positive emotional experiences. Resonant styles include visionary, 

coaching, affiliative and democratic” (Peters, 2008). 

ii. Dissonant styles: “Useful, but must be used with caution. The dissonant styles 

are pace-setting and commanding” (Peters, 2008). 

 

7.7 Emotional Intelligence Competencies 

  There are four EQ competences (Peters, 2008). 

i. Self-Awareness: The ability to read one’s own emotions and 

recognize their impact. The two core dimensions are an accurate 

self-assessment, and self-confidence.  

ii. Self-Management: Consists of six core dimensions: emotional self-

control, transparency, adaptability, achievement, initiative, and 

optimism. 

iii. Social Awareness: Consists of three core dimensions: empathy, 

organizational awareness, and service. 

iv. Relationship Management: Consists of six core dimensions: 

inspirational leadership, influence, developing others, change 
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catalyst, conflict management, building bonds and teamwork, and 

collaboration. 

 

7.8 Emotional Intelligence and Teamwork 

Druskat and Wolff (2001) defined emotional intelligence in groups as “a team 

atmosphere in which the norms build emotional capacity (the ability to respond 

constructively in emotionally uncomfortable situations) and influence emotions in 

constructive ways”. Three norms that are universal to any team with a high 

emotional intelligence are (Prati, et al., 2003): 

i. “Team members recognize the prescribed level of emotional intensity 

allowed to be displayed during team member interactions, and act 

accordingly”. 

ii. “Team members are self-aware in that they monitor their emotional 

expressions, and are sensitive to the feedback others provide with regard 

to social acceptance of those expressions”. 

iii. “Emotionally intelligent team members effectively regulate the intensity of 

their emotional displays (to outsiders) to be sure the displays do not exceed 

the bounds set by team standards”. 

 

7.9 Emotional intelligence and organizational citizenship 

Good organizational citizenship behavior (OCB) involves those behaviors 

that are not required by the job, but are performed by employees to 

enhance organizational effectiveness.  

i. “Emotional intelligence and cognitive intelligence are 

compensatory with respect to task performance and OCB directed 

at the organization; employees with low cognitive intelligence 

perform tasks correctly and engage in OCB frequently if they are 

emotionally intelligent” (Cote and Miners 2006). 

ii. “Agreeable individuals with high levels of emotional intelligence 

displayed higher task performance than those with medium or low 

emotional intelligence abilities” (Schaffer and Schaffer, 2005). 

iii. “The emotional intelligence of employees is positively and 

significantly related to the processes of organizational learning” 

(Singh, 2007). 

 

7.10 Benefits of Emotional Intelligence, EQ  

i. positive attitudes 

ii. greater adaptability 
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iii. improved relationships and  

iv. increased orientation towards positive values 

 

Is there anything new about emotional intelligence? Certainly not, but whether it 

has been effectively put to use is entirely a different case. EQ is based on a long 

history of research and theory in personality and social, as well as I/O, psychology. 

There exists a considerable body of research suggesting that a person’s ability to 

perceive, identify, and manage emotion provides the basis for the kinds of social 

and emotional competencies that are important for success in almost any job. As 

the pace of change increases and the world of work makes ever greater 

demands on a person’s cognitive, emotional, and physical resources, this 

particular set of abilities will become increasingly important. This implies that we 

can use emotional intelligence to improve both productivity and psychological 

well-being in the workplace of tomorrow. 

 

 

8.0 CONCLUDING REMARKS 

8.1 CONCLUSION 

 

1. The near failure of the energy sector in Nigeria particularly in the supply of 

electricity in the nation has necessitated the aggressive search for other 

forms of energy sources to enrich the energy mix. Renewable energy source 

particularly the solar energy resource has been shown to be viable and will 

help to decarbonize the Nigerian energy mix; The Solar Photovoltaic (SPV) 

and Concentrated Solar Power (CSP) have been identified as the promising 

technologies for large scale applications in distributed electricity 

generation in both short term and in the long term. The CSP technology is 

encouraged especially in the North East Nigeria. 

 

2. Integrating vision 30-30-30 with Goal 7 of the SDGs will ensure a situation 

closer to round the clock electricity supply in Nigeria by 2030 especially if 

embedded power plants are used to bridge the demand-supply gap near 

heavy load centres and if off-grid power plants are deployed to 

communities far away from the transmission grid. 

 

3. Energy efficiency and conservation best practices is an energy 

management mechanism that reduces the demand and therefore supply, 
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of energy through the deployment of efficient energy systems, appliances 

and habits. Renewable energy, energy efficiency and conservation are 

therefore the preferred energy supply and management instruments for 

sustainable development. 

 

4. Concerted research and development of indigenous technologies and 

indigenous capacity building that support integration of bio-based fuel to 

the energy mix and new technologies to store power from renewables as 

well as Smart Grid and Renewable Energy Synchronisation into existing 

energy mix will improve access to the population. 

 

5. Universities and indeed all tertiary institutions need to be aware of industry 

demands on graduates. There is the need to integrate EQ skills in modern 

education; improving such skills will help students to become better 

communicators, team workers, and reflective and empathic practitioners 

of engineering. 

 

8.2 The Strategies 

The strategies to be adopted should include the following: 

 

1. Public Awareness: Sensitise the general public on the potentials of solar 

energy technologies for use and thereby generate its market. It is important 

to promote Renewable Energy technologies as alternative source of 

energy supply through workshops, jingles and demonstration pilots. The 

organised Private Sector, Development Partners and Entrepreneurs should 

be encouraged to support the development and use of renewable energy 

especially solar energy. 

 

2. Government and the private sector: should provide incentives, financial 

and otherwise, to encourage the general public on the use of solar energy 

systems throughout the country. They should actively support Engineers, 

technologists and scientists in the area of research and development 

activities to cater for site specificity of designs for all parts of the country. 

 

3. Capacity Development: Local human and manufacturing capacity 

building is imperative at high and skilled levels for long term development 

of Renewable Energy Technologies. Engineers, technologists and scientists 
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should continue to apply their skills and training to develop optimal solar 

energy systems. 

 

4. Federal Government should introduce and enforce regulatory measures to 

encourage, regulate and protect local capabilities; provide financial and 

fiscal incentives to facilitate penetration of the use of renewable energy 

sources especially solar energy. 

 

5. Incorporating elements of EQ learning in studies, rather than as a separate 

study unit or module, will link learning and work attitudes, including 

motivation, creativity and interpersonal skills, with the tasks at hand, such as 

project work. Encouraging students to learn these new skills through project 

work activities and in student-centred learning will succeed more than 

would a standalone lecture on EQ; theory without practice does not run 

very far. 

 

 

8.3 Recommendations 

1. Nigeria should to put in place a well-coordinated and coherent energy 

policy, which will serve as a blue print for sustainable development, supply 

and utilization of energy resources within the economy, and for the use of 

such resources in international trade and cooperation. The policy must not 

fail to address the issues of energy manpower development, indigenous 

participation, domestic self-reliance, energy needs of various sectors of the 

economy, energy sector financing as well as private sector participation. 

 

2. Purposeful research drive to link Meteorological and Allied Data Collection, 

Storage and Processing to the National Energy Development model, 

particularly the Renewable Energy Option along with other viable energy 

options. Conscious research drive towards locally produced Solar Panels 

with enhanced mechanisms of photovoltaics and photo-catalysis and the 

Balance of Components including electrochemical storage systems such 

as lithium and lithium phosphate batteries. 

3. Nigeria through Energy Commission of Nigeria (ECN) should establish a 

working team within African Renewable Energy Commission (AFREC) to 

promote Concentrated Solar Power (CSP) development. National 

Electricity Regulatory Commission (NERC) should be empowered to set up 
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appropriate regulations for electricity and fuel. In the same vein the ECN 

should serve as a national focal point for Renewable Energy (RE) 

coordination, evaluation, monitoring and development. It is important to 

establish a harmonized and robust regulatory framework and technical 

standards. 

 

4. Standard Organisation of Nigeria (SON) should be empowered such that 

Standards, codes and specifications for Renewable Energy systems can be 

set and enforced. Bank of Industry (BON) should be empowered to create 

a Renewable Energy Fund; this is essential to catalyze and grow the sector 

by providing a source of cheap fund to service providers as well as source 

of subsidies. 

 

5. It is very important need to revert back to Outcome Based Education 

Curricula that incorporates general skills and abilities that are valued by 

both universities (tertiary institutions)and employers, including: 

 Self- and context-awareness. 

 Decision-making and action planning. 

 Research and analysis. 

 Communication skills. 

 Critical reflection. 

All these characteristics incorporate elements of EQ. 
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