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FOREWARD

PROCEEDINGS OF 2021 NSE ANNUAL CONFERENCE-TAGED COAL-CITY

The Nigerian Society of Engineers (NSE) is once again organizing its Annual National Engineering Conference and AGM
at ICC, Abuja. As usual Engineers, Researchers, Academia, Industrialists, Local and Foreign Investors, Policy makers,
Legislators, Development Partners, and experts from all works of life would converge in Abuja the Capital City of Nigeria
between 7™ —9™ December 2021 to deliberate on this year's conference with theme titled " EXPANSION OF THE
ENERGY MIX FOR NATIONAL ECONOMIC DEVELOPMENT”.

The objectives of the conference include: analyze the current policy direction, efforts in the provision of energy on a
sustainable basis utilizing the abundant and diverse renewalable sources with the support of the relevant infrastructure.
Strategies on how to promote the sustainable expansion of energy mix to address the energy needs and revive industrial
growth and facilitate the development of rural economies, increase in job creation, and reduce poverty across the country

would be scrutinized.

The conference was successfully held as scheduled where a total of 53 well researched scientific articles were presented
and discussed. This included six (6) commissioned papers and keynote speech from eminent personalities that addressed

the main theme of the conference.

The conference ran four (4) concurrent technical sessions where it interrogated the prospects and challenges of utilization
of Coal, Natural Gas and Hydro (Water) for sustainable power generation and provision of competitive energy in Nigeria.
The use of environment friendly technologies for sustainable expansion of energy mix was equally reviewed due to its

critical importance within the scheme of climate change.

The conference was able to examine the options of upgrading of technological capabilities of the power sector to address
the ever-evolving challenges surrounding deployment of Technology Innovations to promote Renewable Energy Systems

and enhance the nation competitiveness.

The conference interrogated and characterized the competitiveness of the Mini/Smart Grid Development and its Integration
with Clean Energy for mass adoption to enhance the reliability and performance of the power sector; reviewed the
opportunities and risks for investments in energy mix promotion using PPP approach as well as energy mix financing and

regulations.
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The conference attempted to probe the requisite human and institutional capacity development plan to drive the expansion
of energy mix; design and promote an integrated and coordinated approach that would stimulate sector synergy; develop
framework for resolving energy crisis, carbon capture and storage technologies for climate change mitigation and proposed

strategies to encourage the private sector to lead in monitoring, evaluation, and feedback mechanism.

Most of the presentations and discussions centered around the principle of energy mix. In order to meet its energy needs,
each country uses the types of energy available to it, in different proportions. As the national population grows, countries

become more energy sensitive translating to higher demands.

Discussants at the conference were able to provide a clearer understanding of the term “energy mix” as the blending of
several primary sources of energy designed to meet a country’s energy needs. This normally comprise of fossil fuels such
as oil, natural gas, coal, nuclear energy and other sources of renewable energy. The other sources of renewable energy

identified during the deliberations at the conference include wood, other bio-energies, hydro, wind, solar and geothermal.

Panellists at the conference advanced the argument that composition of the energy mix varies greatly from one
country and can change significantly from time to time. This position points to the fact that variables affecting
such changes include: 1) the availability of usable resources domestically or the possibility of importing them, ii)
the extent and type of energy needs to be met, and iii) policy choices determined by historical, economic, social,

demographic, environmental and geopolitical factors.

Verifiable global data on energy consumption was presented by participants where statistics on the consumption of primary
energy, for instance in 2018, amounted to the equivalent of about 13.86 billion metric tons of oil, compared to about 11.27
billion tons in 2006. Primary energy comprises of commercially traded fuels, includes modern renewable energy sources
used to generate electricity. The largest share of primary energy consumption worldwide is attributed to oil, followed by
coal and natural gas. Nuclear energy has fallen out of favour over the last decade in some countries, while hydropower has

become increasingly popular.

Experts informed the participants at the conference that with the present accelerated erosion of the ozone layer caused by

global warming, the World is approaching a critical time in human history where decision on either to continue burning
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fossil fuels and contributing to climate change or to switch to clean energy have to made consciously, making the role of

renewable energy sources more and more important.

Scientists and industrialist present at the conference opined that in other environments particularly in developed countries,
energy mix points to all direct uses of energy, such as transportation and housing. It important to note that the phrase energy
mix should not be confused with power generation mix, which refers only to generation of electricity. In Nigeria, however,

there is a thin line between energy mix and power generation mix.

Participants deliberated on the subject matter of energy mix in Nigeria from the perspectives of outlined in the sub-themes
of this conference with emphasis on renewable energy because developing this subsector would go a long way in achieving

optimal energy mix.

The commissioned speakers pointed to the fact energy supply in Nigeria (especially electricity and refined petroleum) has
been inadequate and unreliable in spite the country’s rich endowment in hydrocarbon resources and its heavy reliance on
them. This, in their opinion, has transformed Nigeria into an energy deficient nation compelling widespread dependence
on diesel-based generators by different classes of electricity consumers. Currently only 40% of urban and 10% of rural
residents have access to electricity. Per capita consumption of energy in Nigeria stands at about 212 kWh is one of the
lowest in the world. The consequences of this on business competitiveness and the social lives of the people have been

enormous.

Researchers pointed out that deficient supply of modern fuels has also forced a heavy reliance of households on biomass
resources such as fuel wood, corn stocks, animal dung, among others, for domestic energy use despite their inefficiencies
and health risks. Modern fuel scarcity in the economy and failing electricity supply create a dual energy crisis for Nigeria.
Studies reported at the conference indicated that small scale businesses suffer the most from Nigeria’s energy poverty.
Such businesses spend a large proportion of their capital (about 20-25% of their investment) on back-up generating
facilities thus turning the Nigerian economy into a generator economy. The economic cost of inadequate and unreliable

electricity to the Nigerian economy is huge.

The conference was informed of the nation’s Renewable Master Plan projections. According to the projections, the
Nigeria’s electricity demand will reach 116GW (gigawatts) by 2030. The estimates put the demand at 45GW as at 2020.
The Energy Commission of Nigeria also projected increase in electricity demand from 5S1GW in 2020 to 119GW by 2030.
On the supply side, Nigeria has 25 grid-connected Power Generating Plants with a total installed capacity of 12.56GW.
Unfortunately, these plants can only boast of an available capacity of 3.88GW. This is because a number of these plants
are unavailable for evacuation to the national grid because of the peculiarity of Nigeria’s system — for instance lack of

maintenance and repair requirements, trip offs, faults and leakages. Most of these plants are fired by fossil (natural gas)
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thermal power (85%, i.e., 22 Gas Plants generating 10,632MW) whilst the remaining 15% are accounted for by 3
hydroelectric power plants — Jebba, Kainji and Shiroro Power Stations generating 1,930MW (Africa-EU RECP, 2016).

The conference established that renewable energy (RE) resources hold great potential for meeting the energy needs of
Nigeria, a country that is aptly described as an energy deficient nation. With a huge RE resources such as biomass, strong
winds, unlimited solar potentials, hydro and geothermal resources, it is believed Nigeria has sufficient RE resources that
could potentially provide a significant proportion of the country’s expanding energy needs. For example, the country has
a solar radiation of between 3.5 kWh/m?/day at the coastal areas and 9.0 kWh/m?/day at the northern boundary. This

presents a great opportunity for Nigeria to get RE at low cost as well as minimize her dependence on fossil fuels.

Looking at the current electricity situation in Nigeria, participants at the conference concluded that the demand for
electricity greatly outstrip the supply and further observed that to bridge this gap, the country needs to develop its renewable

energy potentials.

The proceedings of the 2021 NSE is structured along the main theme and ten (10) sub-themes to make it reader friendly
and easy reference material. The sub-themes include: i) prospects and challenges of utilization of coal, natural gas and
hydro (Water) for sustainable power generation and provision of competitive energy in Nigeria, ii) appropriate energy mix
to facilitate rural development and poverty alleviation, iii) deployment of technology innovations to promote renewable
energy Systems, iv) opportunities and risks for investments in energy mix promotion, v) energy mix financing and
regulations, vi) public private partnerships (PPP) as a veritable tool for sustainable energy mix, vii) energy mix research
and its applications to address current energy crisis, viii) leveraging on energy mix to transit the nation to clean energy
environment, ix) mini/smart grid development and its integration with clean energy for mass adoption and x) energy crisis,

carbon capture and storage technologies for climate change mitigation.

The proceedings captured the silent contributions of the key organizations and lead speakers leading to a consensus to
develop a road map charting a direction on how Nigeria can achieve sustainable expansion of energy mix. The conference
further resolved to show how the former translate in increased energy generation efficient use, competitiveness,

profitability, etc to enhance private sector participation.

The conference underscored that these transformations in the power sector is expected to trigger changes in the availability,

accessibility, affordability of energy and its alignment with the different energy demands from the diverse sectors. The

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

6



proceedings of the 2021 National Engineering Conference
of the Nigeria Society of Engineers [NSE]
Printed in Nigeria Copyright @2021, The Nigerian Society of Engineers

resultant effect is more uptake of relevant technologies by the industry to improve their efficiencies and quality of products
as well as services. More opportunities and enhancement of lifestyles of the citizens which directly affect the

entrepreneurship and rural economy.

It is our expectation that the conference proceedings would serve as a rich reference material for the diverse target users

cutting across the academia, industry, operators, regulators, etc.

On behalf of the 2021 NSE National Executive Committee, the Conference Planning Committee (CPC) and Technical
Committee (TC), I thank all for coming and participating in the 2021 NSE Conference making remarkable contributions.

Wishing all pleasant reading and purposeful use of the materials complied in the proceedings.

W

Engr. Prof. Sadiq Z. Abubakar, FNSE, FNIAE
Chairman, Technical Sub-Committee
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ABSTRACT

The major economic sectors of industry, transport, services and households in Nigeria are greatly
restrained from the expected growth due to the grossly inadequate energy supplies. Electrical power of
4,000 — 5,000 MW is grossly inadequate for a population of more than 200 million people. Recent
energy demand projections show that for a GDP growth rate of 7% the required electrical power will
be about 31,000 MW in 2020; 63,000 MW in 2030; and 103,000 MW in 2040. This can be achieved
by the significant expansion of the energy mix for electricity generation from the current mix of gas
and hydro to also include nuclear, solar and wind. Expansion of the energy mix will ensure enhanced
energy security of supply, which investors always look for, before they establish branches outside their
countries of origin.

Over the years the increasing effect of global warming leading to climate change complications arising
largely due to the combustion of fossil fuels, along with other issues, made the United Nations to come
up with Sustainable Development Goals (SDGs) to be attained by 2030. Nigeria signed the SDGs in
2015 and ratified it in 2017. Earlier on, the United Nations Framework Convention on Climate Change
(UNFCCC) convinced African nations that climate change problems are also African problems and the
African Union adopted agenda 2063 mandating its member states to produce their National Determined
Contributions (NDCs) for abating climate change.

The International Energy Agency (IEA) after noting that the implementation of the SDGs, worldwide,
will not limit global temperature rise to 1.5 degrees Centigrade came up with 2050 Net Zero Agenda
for substantial reduction of CO2 emissions which was the major topic of discussion at the November
2021 Glasgow Climate Change Conference where President Muhammadu Buhari’s address conveyed
the Government’s decision to end the use of gas by 2040 and to attain Net Zero CO2 emission by 2060.
Earlier, at the United Nations General Assembly in New York in September 2021 the President
presented Nigeria’s Energy Compact for energy transition.

A new Electricity Generation Expansion Plan (EGEP) for Nigeria was developed, based on the energy
demand projection produced by the Energy Commission of Nigeria. EGEP was also produced by
integrating the new policy statements on energy transition and on reduced emissions but with expanded
energy mix. If the Nigerian Society of Engineers will want to recommend use of gas beyond 2060 and
also the use of coal then it will be necessary for a detailed study to be conducted on development of
more gas fields, on mining of coal and processing it, on the entrenchment of circular carbon economy,
on job creation potentials as well as a detailed cost benefit analysis of the whole matter.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

22



roceedings of the 2021 National Engineering Conference
of the Nigeria Society of Engineers [NSE]
Printed in Nigeria

Contents
O Introduction

U Electricity Generation
Technologies

U Energy Resources of Nigeria
& Energy Demand Projection

U The Way Forward for
Electricity Generation in
Nigeria

With Expanded Energy Mix

U Conclusion

Introduction

U Reasonable standard of living and
also of economic growth both
require adequate, reliable and
affordable energy supplies for the
households, services, transport and
industrial sectors of all national
economies.

U Fossil type energy resources, like oil
and natural gas and also coal which
have been the dominant sources of
energy for electrification, transport
and industrial production are highly
polluting and exhaustible. Electricity
generation from renewable energy
resources of solar energy, wind,
hydro and biomass/biofuels as well

Copyright @2021, The Nigerian Society of Engineers

as from nuclear power plants
produce negligible pollution.

It should noted that 87% of the CO2
emissions from human sources arise
from the combustion of fossil fuels
and it has 4 major components:

- Electricity generation 41%
-Transportation 23%
- Industry 20%
- Others 16%

Global temperature rise arising
largely from combustion of fossil
fuels is the principal cause of global
warming which if not curtailed will
lead to climate change in general
with the following outcomes:

O Melting of the
glaciers

Massive global floods
Droughts

Increased fire threats

U 0 D0 D

Weed and pest
invasions, amongst
others.

In order to address climate change
complications and other
development challenges, Nigeria and
the overwhelming majority of
nations signed and ratified the
United Nations Sustainable
Development Goals (SDGs). Nigeria
signed it in 2015 and ratified it in
2017.
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U SDG7 in particular is for all nations - Nigeria’s Energy Compact
to provide universal access to Template, reflecting the nation’s
modern energy services to its commitments

citizens by 2030 as well as to
significantly increase the uptake of
renewable energy and doubling of
energy efficiency.

The International Energy Agency
(IEA) after monitoring the
implementation of the SDGs
concluded that the world will not
limit temperature rise at 1.5 °C and
thereafter came up with the 2050 Net
Zero Agenda which aims at a
situation of zero CO2 emission by
use of renewable energy, electric
vehicles and carbon capture
techniques in addition to developing
forestry plantations to serve as
carbon sinks.

In 2013 the African Union (AU)
adopted Agenda 2063 after
recognizing Climate Change as a key
challenge to the continent’s
development and agreed that
member states should produce their
Nationally Determined Contributions
(NDCs) for abating Climate Change
complications.

While the nation’s energy supply
should fully align with the SDGs and
in particular SDG7 as well as the
NDC:s for abatement of Climate
Change complications, there is the
need for the nation’s power supply to
also be based on:

to the global energy transition,
presented at the United Nations General

Assembly (UNGA) in September
2021

- Nigeria’s commitment at COP26
namely: Gas will be used up to 2040 and

Nigeria will attain Net Zero CO2
emissions by 2060.

U The implementation of these policies
for the provision of adequate and
reliable electricity will necessitate
the expansion of the energy mix
from the current mix of mainly two
(gas and hydro) to five (gas, hydro,
solar, wind and nuclear).

O Expansion of the energy mix for
electricity supply from two to five
will ensure enhanced level of
security of electricity supply which
is a major factor that international
manufacturing plants consider before
they establish branches outside their
countries of origin.

Electricity Generation Technologies

O Power supply systems can currently
be categorized into four:

- Fossil Fuel Plants which include
coal plants, gas plants, diesel/oil plants

- Nuclear Power Plants
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- Renewable Power plants of solar, Eleetricity Generation =
wind, hydro, geothermal and others ENERGY CHANGES i
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Compare this with the

State

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

29



Prof. Abubakar S. Sambo, OON, NPOM
Expansion of the Energy Mix for Electricity Generation In Nigeria

Finland is known as the largest biomass plant in
the world. The plant produces 550 MW of heat,
240 MW of electricity and 160 MW of steam

The 580

MW CSP Solar Plant in Ouarzazate, Morocco
- Location has annual solar radiation intensity of
2,635 kWh/sq m
- Developed in 3 phases as Noor I, IT and III
covering an area of 2,500 hectares
- The three phases were grid connected in 2018
and they offset 760,000 tonnes of

carbon dioxide per annum
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step is the completion and
expansion of the solar panel
production plants of
NASENI, UDUS and
Borno State Government
before new ones are
established.

U There is need to mount very
serious measures to
conserve the consumption
of electricity nationwide by
entrenching energy
efficiency and energy
conservation measures. U Involvement of ECOWAS,

AU and the AfDB in

establishing the production

plants of the solar panels

and the balance of systems
component in Nigeria will
facilitate the patronage of
the items by other African

O In the same vein there is nations in executing their
need for the local energy transition pathways.
production of solar panels,
and the balance of system
components, in Nigeria,
through adoption of
appropriate policy
frameworks and
incentivisation schemes.

U There is need to locally
produce, within Nigeria, the
commonly consumed
components of power plants
like transformers, feeder
pillars and many others.

Before ending this presentation, I wish to
bring up the apprehension of many
Engineers on the two new policies of
ending gas utilisation by 2040 and on
attaining Net Zero emissions by 2060 and
to say that policies are not static and that
the NSE can propose some amendments.

O Assembly plants should However, a detailed study is essential. For
also be attracted to produce use of gas and also coal up to and beyond
requisite number of deep 2060 the study should:

cycle rechargeable
batteries, inverters, charge
controllers etc. The first

U Produce estimates of
undeveloped gas fields in
all the potential basins as
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well as the estimates of the
coal deposits in the 14
states of the Federation.

U Produce an estimate of the
economic implications,
including job creation
potentials, of developing
new gas fields and coal
mines and coal processing
plants.

U Produce a roadmap for
entrenching a circular
carbon economy to capture
and use as much of the CO2
emissions as possible and
bury the un-used
components.

U To come up with innovative
financing schemes for these
new projects in addition to
producing a comprehensive
cost benefit analysis
bearing in mind the
economic disadvantage of
stranding the gas assets by
2040.

Conclusion

O With the subsisting Government
position expressed at COP26 there
is need to focus on gas, renewable
energy sources and nuclear power
systems for significant expansion
of the energy mix for electricity
generation in the country.

U An Electricity Generation
Expansion Plan with expanded
energy mix will provide enhanced
energy security of supply which the
private sector seeks and which
general socio-economic growth
also desires.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

L The massive investment
requirements can be largely
secured, especially for the
renewable energy plants by
adoption of the South African
Renewable Energy Independent
Power Procurement Programme
(REIPPP) and partly from the
facilitation of the African
Development Bank (AfDB).

O Electricity access rate, similar to
those of North African countries,
can be realized in Nigeria with
good policies, regulations and with
political will at the highest levels.

O The NSE can conduct a
comprehensive study and
subsequently propose amendments
of the new energy policies to pave
way for the possible use of gas and
coal beyond 2060.

O The NSE study should also
highlight the need for proposing
the financing of emission
mitigation projects of circular
carbon economy and forestry
plantations along with the
proposals for the new gas and coal
projects.

(NSE) November 2021
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DEPLOYMENT OF ALTERNATIVE GENERATING RESOURCES FOR
SUSTAINABLE SOLUTION TO NIGERIAN POWER SECTOR CHALLENGE

Engr. Prof. Mohammed Sani Haruna
(Faeng, Fnse, Fiet, Fnate, Fsesn, Fnipe, Fnieee)
Executive Vice Chairman/Chief Executive
National Agency for Science And Engineering Infrastructure (Naseni)

ABSTRACT

The Nigerian Electricity Supply Industry has been undergoing significant and irreversible
changes aimed at repositioning the sector that has been very unreliable. The privatization of
Power Holding Company of Nigeria (PHCN) in 2013 led to the formation of eleven (11)
electricity Distribution Companies (DISCOs) and six (6) Generation Companies (GENCOs)
while government retained 100% ownership of Transmission Company of Nigeria (TCN) as
part of the strategy for socio economic transformation. The thermal/hydro generation
dominated sector installed capacity now of about 12,522MW is not only inadequate for a
population of over 200 million but the less than 50% being generated is hardly fully evacuated
and distributed. Among the significant target of the privatization was to allow for competition;
to arrest constant power outages; to improve quality and quantity of power delivery to
consumers and increase efficiency of affordable energy supply. None of these can be said to
have been achieved despite huge internal and external funding. These of course includes grants
and foreign borrowings. There are tendencies to abandon coal, nuclear, and fossil fuel sources
of power generation in an effort to meet climate change targets at the detriment of inadequate
generation, transmission and distributing capacities. So far majority of developed and
developing countries are still maintaining mixed power generation even where excess capacity
and energy output exist. The sector reform plan/roadmap, equipment production, supply and
installation are painfully foreign with minimum local contents. This paper therefore analyses
current programmes and the remedial measures being implemented and advocate home grown
technical and managerial solutions as well as deployment of all available natural resources of
conventional and renewables for electricity generation in Nigeria as the only guarantee for
sustainable solution to power sector predicament.

» Nigeria needs to utilize all alternative grown solution including capability
generating resources (renewable and and capacity for production of power
conventional) including coal for equipment and machineries
electric power sufficiency before i

. * There is no patronage for locally
anything else.
produced component of  solar

» Efficient and affordable power supply electricity and small hydroturbine in

in Nigeria is dependent upon Nigeria. Hence missing opportunities

developing and deployment of home-
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for employment generation and * The discuss centers on carbon (IV)
creation/development of SMEs. oxide emission and its effect on global
warming which said to bring about
2021 UNITED NATIONS CLIMATE . .
devastating/unfavorable climate
CHANGE CONFERENCE "
condition
COMMONLY REFERRED TO AS
26™ CONFERENCE OF THE e The United Nation has identified
PARTIES (COP26) Climate Change as an issue of concern

and has been advocate for developing
measures to curb its effect on the
environment

Climate Change has been a subject of
discuss globally for a couple of decades

Annual mean land and ocean temperature above or
below average, 1850 to 2020

1°C
0.8°C
0.6°C
0.4°C
0.2°C
0°C
-0.2°C
-0.4°C
-0.6°C

1850 1900 1950 2000

COP26 is the most recent annual UN » It was agreed countries will

climate change conference which was meet next year to pledge

held in Glasgow, United Kingdom further cuts to emissions of

from 1 — 12 November 2021 carbon dioxide (CO2) — a
green house gas which causes

COP26 was organized in order to get climate change

nations to commit to the the
following: *  Developing Countries

* End fossil fuel subsidies *  The agreement pledged to
significantly increase money
to help poor countries cope

«  Puta price on carbon with the effect of climate
change and make the switch to
clean energy

* Phase out coal

e Protect vulnerable

communities
*  Fossil Fuel Subsidies
«  Deliver $100 billion climate

finance commitment *  World Leaders agreed to
phase-out subsidies that
The outcome was a new global artificially lower the price of
agreement — The Glasgow Climate coal, oil or Natural gas
Pact
« COAL
Emissions
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* The plan to reduce the use of
coal — which is responsible for
40% of annual CO2 emission

WHAT WAS IN THE COP26

AGREEMENT?

(THE GLASGOW CLIMATE PACT) -KEY

DECISIONS .

e Emissions

» It was agreed countries will
meet next year to pledge
further cuts to emissions of
carbon dioxide (CO2) —a .
green house gas which causes
climate change

» Developing Countries

e emission

*  The agreement pledged to
significantly increase money
to help poor countries cope
with the effect of climate
change and make the switch to
clean energy

Fossil Fuel Subsidies

*  World Leaders agreed to
phase-out subsidies that
artificially lower the price of
coal, oil or Natural gas

COAL

*  The plan to reduce the use of
coal — which is responsible for
40% of annual CO2

COAL — CONTROVERSIAL PHASE OUT VS PHASE DOWN

*  All representatives initially agreed to The Reasons

“phase out coal by year 2030” at the
start of the conference

* At the last minute (end of 2 weeks),
China and India opposed the
commitment to "phase out" coal while
negotiating the final agreement.

* It proposed thereafter that the phrase
"phase out unabated coal" in the final
draft text of the agreement be replaced
with "phase down coal"

*  Countries had to agree to a weaker
commitment to “phase down” rather
than “phase out” coal

CHINA -countries have different
capacities to fight climate change
because they are in different stages of
economic development.

INDIA - How can anyone expect that
developing countries make promises
about phasing out coal and fossil fuel
subsidies? Developing countries still
have to do deal with their poverty
reduction agenda

THE POSITION OF CHINA AND INDIA AT COP26 WAS INSPIRATIONAL -
DEPLOYMENT OF ALTERNATIVE GENERATING RESOURCES IS A MUST INSTEAD

OF ONLY RENEWABLE SOURCES

After China, India accounts for about 11% of the world’s coal use, followed by the US at 6%.
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Coal power added, 2000-2021

184,807

B 29,682
N 25714
l 25.609
N 20372
§ 13,865

2,320

THESE TWO COUNTRIES ARE AMONG THE TOP FASTEST GROWING ECONOMIES

NIGERIA POSITION AT COP26

President Buhari’s speech criticized
rich countries (major emitters) for
making promises towards climate
finance that to date, have remained
hollow

He also pointed that these developed
world who have somewhat reached the
goal of energy self-sufficiency impose
standards that would clearly stunt
development in countries such as
Nigeria.

“May I recall that the phenomenal growth of
industrial economies has been driven by
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access to a stable and abundant supply of ACTIVITIES THAT WILL
relatively cheap energy,” REQUIRE GENERATION OF
POWER FROM LOCALLY

GLASGOW CLIMATE PACT - NOT

AVAILABLE SOURCES

LEGALLY BINDING

- . NIGERIA SHOULD NOT BE FULLY
Countries like Nigeria, Palau, the COMMITTED TO GLASGOW CLIMATE

Phillipines, Chile and Turkey all said PACT FOR NOW — THE REALITY
that although there were

imperfections, they broadly supported * Some many years have gone by since
the text the Paris Agreement and United
Nation Framework Convention on
Climate Change. Richer countries
have not fulfilled their promises to aid
poorer countries accordingly

Although It has been said that the
agreement will set the global agenda
on climate change for the next decade,
GLASGOW CLIMATE PACT is not
legally binding *  Developing countries will still have to
be self reliant in solving their energy

Only a few countries are making their .
predicaments

pledges legally binding

* Nigeria’s power supply crisis
- average electricity consumption per
inhabitant is only 150 kWh per capita,

Most commitments made at COP will
have to be self-policed

FACT IS SOME AFRICAN AND one of the lowest in the world.
LATIN Al\A/IERIgAN C(?Ué\ITRIES *  Almost 50 percent of the
FEI{){}THS;H NAg Eli U HO population does not have
gEOVllgEE FI\gANgAI?E T access to grid electricity.
ASSISTANCE TO POOR * Those who do have access are
COUNTRIES subject to unreliable supply in

most areas.
DEVELOPING COUNTRIES WILL

EMBARK ON ECONOMIC
NIGERIA IS NOT EVEN CURRENTLY UTILIZING COAL AS A SOURCE OF
ENERGY DESPITE RESERVE POWER CAPACITY OF ABOUT 54,000MW

THERE IS ALSO THE ISSUE OF SUSTAINABLE DEVELOPMENT GOAL (SDG) NO: 7

SDG NO. 7 - Ensure access to affordable, *  They rarely serve significant numbers
reliable, sustainable and modern energy for all of rural communities, as power plants
BY 2030 and electrical grids consistently fail to

reach those who live far from the

Investment in traditional centralized L.
existing infrastructure.

power plant alone wont deliver UN-

SDG by 2030. *  Some terrain and geographical
locations and hamlets illustrate non-
commercial viability of extending grid

The median duration of Centralized infrastructure
electricity investment projects is nine

years, based on World Bank results
(Powerforall.org, 2016)

REASONS?

CURRENT ENERGY SITUATION IN NIGERIA
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» Nigeria’s power generation is mostly
thermal and hydro with installed
capacity of about 12,522 MW. This is
not adequate for a population of over
200 million. We need over 18GW.

*  The less than 50% being generated is
hardly fully evacuated and distributed.

*  Currently, only 45% of Nigeria’s
population is said to be connected to
the national grid while power supply
difficulties are experienced about 85%

of the time and almost non-existent in
certain regions.

Power supply difficulties has crippled
and impeded the nation’s economic
development efforts in major sectors
(agricultural, industrial and mining)

Manufacturing Firms rely on self
generated electricity to power their
operations

The negative effects of insufficient
power supply on businesses can only
be imagined

POLICIES AND PROGRAMMES OF THE FEDERAL GOVERNMENT TO REFORM AND
REPOSITION THE POWER SECTOR FOR BETTER SERVICE DELIVERY

* The Electric Power Sector Reform
Act 2005 (EPSRA) was established.

*  The Federal Government had .
privatized Power Holding Company of
Nigeria (PHCN) in 2013

*  The Government had raised about
$2billion from the unbundling of
Power Holding Company of Nigeria

THE STRUCTURE OF NIGERIAN POWER SECTOR

(PHCN), creating a number of
distribution and generation companies.

Six (6) Generation Companies
(GENCOs)

Eleven (11) Electricity Distribution
Companies (DISCOs)

One (1) Transmission Company of
Nigeriam (100% Government
ownership
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" W"‘[ Rural Electrification ]_ Federal Federal Energy
Agency Government Ministry Commission of
Monoges y of Nigeria of Power Nigeria
Rural Electrification
Fund Set and implement policy Advises the Government
Subsidizes, finances /7 6 GenCos \ Sell power
[ PPs

[ Nigerian Electricity ]

Regulatory Commission
v Regulates
Interconnected Isolated
Mini Grids Mini Grids
! !
[ Consumers
In Nigeria, all grid-connected power are The sector has failed to live up to expectations,
conventional power plants, basically, gas becoming a burden to taxpayers as most
turbine-based power plants and hydropower Nigerians are with unstable or without power
plants supply.

EIGHT (8) YEARS AFTER UNBUNDLING OF PHCN

*  The electricity power supply situation * African Energy published the Nigeria
has not shown any signs of Power Report 2021/22 in 2021 and
improvement as it has continued to reported that Nigeria's installed
fluctuate due to multi-faceted and capacity will reach 18.3GW by 2025
long-standing challenges. but with available generation likely to

be constrained to just 7.6GW, supply

*  According to the data, supply fell by will continue to lag far behind demand

22.9% from a peak generation of

4,115 Megawatts to 3,172 Megawatts *  The report forecasted that the

on Saturday, June 12, 2021. challenges facing the power sector are
likely to continue in the medium-term.

THE SOLUTION TO NIGERIA POWER CHALLENGES LIES IN ITS ABUNDANT
ENERGY RESOURCES

* Nigeria is blessed with both renewable * Its enormous natural resources include
and non-renewable power generation
options.

* Crude oil and natural gas,
* coal,

» arable land, *  hydropower (incl. 277 small

) ) hydro identified sites with a
» solar (particularly in the

north),
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cumulative potential of 3,500 * wind (mainly in the north and
MW) and along the coastal line

NIGERIA ENERGY PROFILE BY INTERNATIONAL RENEWABLE ENERGY AGENCY

Total primary energy supply in 2018

m Qil

Gas

10%

Nuclear

m Coal + others

m Renewables

(2021)
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Capacity utilisation in 2019 (%)

Fossil | 26

Nuclear

yorover [ +¢

Solar 17
Wind
Bio 23

Geo

0 20 40 60 80 100

NON-RENEWABLE POWER GENERATION OPTIONS

* Nigeria is the sixth oil producing Ministry of Mines and Steel

country in the world Development for focused development

due to the commerciality of the
» Large reserve of natural gas

e Mineral resources -Uranium for to accelerate overall economic
Nuclear Power development through industrial
linkages.

* Coal is one of seven priority minerals
that has been identified by the Federal
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Crude petroleum and natural gas 6.69%
Quarrying and other mineraly 0472%
Metal ores | 0.01%

Coal mining | 0.01%

Share of COP

COAL RESERVES ALONE CAN GENERATE 53,900MW BY 2030 - GUARDIAN
NEWSPAPER

* Nigeria currently boasts of about one billion metric tonnes of coal reserves which have not
been fully exploited and developed in the electricity energy mix.

*  Coal contributed 0.04% to Nigerian electricity in 1972 but
* attained its peak of 2.27% in 1973, and
» thereafter declined to 0% today.
+ 2015
* 9.9%=1,200MW
+ 2020
*  13.8% =4,400MW
* 2025
s 15.3% =15,400MW
* 2030
*  15.6% =53,900MW
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RENEWABLE ENERGY POTENTIAL OF NIGERIA

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

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.

Wind
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MAP OF NIGERIA SHOWING DIRECT NORMAL IRRADIATION

Direct normal irradiation Migeria

solErgis

hitpafsolargis.ind

Awverage annual sum (4/2004 - 3/2010) o 100 200 km

<= 800 1000 1200 1400 1600 1800 =kWh/m?= & 2011 GeoModed Solar s r.o.

PROPORTION OF NIGERIA RENEWABLE ENERGY IN COMPARISON TO GLOBAL
DISTRIBUTION
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Distribution of solar potential Distribution of wind potential
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Biomass potential: net primary production

tC/ha/yr

@- Global average of 3-4 tC/ha/yr

DECENTRALIZED ENERGY SYSTEM/ALTERNATIVE GENERATING RESOURCES

»  Centralized power supply is becoming fundamental shift in the way the world
out of tune with modern practice in produces and uses energy.
advanced economics liberalized by

. . *  More and more cities, regions, and
commercialization and privatization of

industries find themselves operating

the industry. . .
Yy with a mix of centrally-generated and
* Decentralized Energy paradigm is distributed energy resources, which
occurring worldwide reflecting the sometimes represent a mix of energy

technologies as well, from solar and
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wind to gas and even nuclear (GE
Power, 2018).

FASTER APPROACH TO UN-SDG 7 TARGET OF YEAR 2030 -
DISTRIBUTED (DECENTRALIZED) POWER SYSTEM

A faster approach is the deployment of distributed system which can be designed specifically for
places the grid will not easily or cost-effectively reach, where majorities of those without energy
access now reside.

COMPLEX PROBLEM
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FASTER APPROACH TO UN-SDG 7 TARGET OF YEAR 2030 -

DISTRIBUTED (DECENTRALIZED) POWER SYSTEM

DECENTRALIZED ENERGY POLICY IN NIGERIA

Constructed around renewables, this energy generation method is more environmentally

friendly and addresses actual local demand for energy.

* A wide range of distributed generation and decentralized renewable energy

solutions—including

*  pay-as-you-go solar home systems,

»  multi-technology (wind, hydro, solar, biomass) mini-grids, and

* mobile solar farms

The Federal Government of Nigeria
launched a National Solar Program in
2017.

the Federal Government recently
approved an integrated energy mix
targets under Electricity Vision
30:30:30 which targets generation of
30 GW in 2030, with 30 per cent from
renewable energy sources.

The approval and finalization of the
country’s Rural Electrification
Strategy and Implementation

Plan which lays out amongst other
things a holistic plan for rural and off-
grid electrification.

The Bank of Industry (BOI) launched
a one-billion-naira solar fund ($3.3
million) to catalyse the use of

decentralized solar energy, including
rooftop systems and mini-gridsion for
last mile and underserved
communities across rural Nigeria.

The International Finance Corporation
(IFC), and the UK Department for
International Development (DFID),
joined together to facilitate the
deployment of off-grid and embedded
solar systems in Nigeria’s commercial
and industrial sectors,

The Nigerian Electricity Regulatory
Commission released a draft Mini-
Grid regulation,

The Nigerian National Petroleum
Corporation started consultation on a
new bio-fuel policy.

DEVELOPMENT OF LOCAL CONTENT IN POWER THROUGH SCIENCE,
TECHNOLOGY AND INNOVATION

The role of S&T is to lead national
development and to support socio-
economic needs.

The priority areas that have been
identified are:

- Development of key technologies to
increase the international
competitiveness of existing Korean
industries.

- Development of technologies related
to resources, energy, and food for
social and economic stability.

Development of technology in the area
of health care, environmental
protection, and social information
systems to improve the quality of life
and social benefits.

Fostering of creative basic research to
promote scientific advancement and to
expand sources of technological
innovation.
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NASENI WIND ENERGY PROJECT (NAWEP)

* At 10m height, imported wind turbine *  NAWEP is aimed at developing wind
blades cannot perform optimally in turbine blades for optimal wind energy
this country since they are built to conversion for Nigerian wind regime
operate at the speed of at 8m/s and of 3 — Sm/s
above

v *  The wind turbine blade was designed
* At the same height, the wind speed in based on R & D on the wing of the
Nigeria is between 3 — Sm/s. “swift” bird
b
||
|
i-'_‘- = |
1___.__} )
[
L

ADVANCES IN ENERGY TECHNOLOGIES ARE TAKING PLACE ON A DAILY BASIS

Solar cell innovation produces a thousand » New materials, such as ferroelectrics
times more power like barium titanate, a mixed oxide
made of barium and titanium.
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"Ferroelectric means that the material
has spatially separated positive and
negative charges,"

Unlike silicon, ferroelectric crystals do
not require a so-called pn junction to
create the photovoltaic effect

CONCLUSION

The current operation and agreement
to DISCOs need to be revisited as the
company’s services falls below
expectation

All candidate rivers, streams and dams
should be utilized for deployment of
micro to small hydro-turbine, solar
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ABSTRACT

Hydropower is a renewable energy resource, which should be fully exploited to promote sustainable energy
supply for national development and for mitigation of global warming. Nigeria is endowed with
hydropower potentials estimated at 27.5 GW with about 5.8GW only being exploited, including the
Mambilla and Zungeru projects. Consequently, only a paltry 21% of the nation’s hydropower potential is
being realized. Presently, Nigeria’s installed grid-connected electricity generation’s capacity is about
13GW, for a population of about 200 million, and has about 15% of the capacity from hydropower, while
85% is from natural gas. It is estimated that about US$40 billion would be required to maximally exploit
the yet unutilized hydropower power potential in Nigeria. Adequate policies, legal and regulatory as well
as institutional frameworks are imperative in order to attract private investments in a Public-Private
Partnership (PPP) model in this sub-sector. The Nigeria Electricity Industry is liberalized and deregulated
via the Electric Power Sector Reform Act (EPSRA) of 2005.

1.0 Introduction

Energy is fundamental to the quality and security Renewable energy is energy derived from energy
of our lives. Nowadays, humanity is totally source that can be regenerated naturally within a
dependent on uninterrupted supply of energy in relatively short time frame. For example, solar
the form of fuels and electricity for socio- radiation, wind, hydropower, biomass,
economic development. It is a key ingredient in geothermal, sea waves and tide.

all sectors of modern economies. Energy is
technically defined as the capacity to do work.
From thermodynamics point of view, when work
is done on or by a system, the state of the system
changes. Thus, energy may be viewed as an agent
of change or transformation.

Unlike fossil type energy source of crude oil,
natural gas and coal, which have been formed
over millions of years ago and are therefore
depletable at any rate of consumption; renewable
energy sources are more or less non-depletable
due to its regenerative nature within relatively
Adequate supply of energy in a nation prompts short time. They are also environmentally
economic development expressed by the Gross friendly sources of energy.

Domestic Product (GDP) as well as social
development expressed by the Human ) ' i ) )
Development Index (HDI). The higher the energy which exists mainly in the form of potential

consumption per capita of a nation, the higher its energy ,Of water, which is transformed mto
GDP and HDI mechanical energy through turbo machinery

Hydropower is a renewable energy resource
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principles. The mechanical energy is then stream is transformed in a similar manner like
transformed into electrical energy through an that in a wind energy conversion system into
electric generator. Also, in a new concept of mechanical energy and then to electricity.

hydro kinetics, the kinetic energy of flowing

2.0 Hydropower Resources in Nigeria and Africa

Nigeria has abundant reserves of hydropower with potentials of about 28GW made up of 24GW large
hydropower and 3.5GW of small hydropower. In Nigeria, hydropower capacities of less than 30MW are
referred to as small; while, those above 30MW are said to be large. Out of these potentials, less than 6.0GW
of large hydropower and 0.1GW small hydropower are being exploited. See Table 1.

Table 1. Hydropower Utilization in Nigeria

S/N | Project Installed Capacity (MW) | Status

1 Kainji Hydropower 760 Operational

2 Jebba Hydropower 578 Operational

3 Shiroro Hydropower 600 Operational

4 Zungeru Hydropower 700 Near Completion

5 Kashimbila Hydropower 40 Awaiting Commissioning

6 Dadin-kowa Hydropower 40 Completed

7 NESCO Hydropower 30 Operational

8 Gurara [ Hydropower 30 Completed, waiting for
evacuation infrastructure

9 Tunga Dam SHP (Taraba State) 0.4 Operational (UNIDO)

10 Mambilla Hydropower 3,050 Work yet to fully begin

11 Waya Dam, Bauchi State 0.175 Completed and Operational
(UNIDO)

12 Ezioha Mgbowo, Enugu 0.030 By UNIDO but vandalized

The first hydropower station to be operated in Nigeria is the NESCO hydropower plant in Kurra Falls, Jos,
which commenced operation in 1929 with installed capacity of S8MW. The turbines, were made of Pelton
Wheels and Francis Turbine. The power plants are still operational. See Figure 1.
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Figure 1. NESCO Power Plant, Kurra (8MW). Established in 1929.

According to IRENA in 2015, Africa has an
estimated hydropower potential of 350GW. Also,
according to 2021 Hydropower Status Report by
the International Hydropower Association (IHA),
Hydropower remains the Africa’s primary
renewable resource in Africa at over 38 GW of
installed capacity, with 971 MW added in 2020.
It accounts for over 70% of the renewable

electricity share and about 16% of the total
electricity share. Hydropower’s share of total
electricity is predicted to increase to more than
23% by 2040 following efforts to achieve
universal access and a low carbon energy
transition. Table 2 reveals installed hydropower
capacities of some African countries.

Table 2. Hydropower in some select African countries

S/N | Country Hydropower Installed
Capacity (MW) 2019

1 DR Congo 2,760

2 Ethiopia 4,074

3 Egypt 2,876

4 South Africa 3,596

5 Kenya 837

6 Ghana 1,584

7 Uganda 1,040

8 Zambia 2,400

9 Morocco 1,770

10 Angola 3,836

11 Mozambique 2,216

Source: IHA, 2021

3.0 Costs of Hydropower Schemes

IRENA (2015) has reported that hydropower
offers the most economical solution for large-
scale renewable electricity generation, as
technology is mature and the resources are large

in comparison with current Africa’s demand.
Costs can be as low as USD 0.03/kWh, and the
average of about USD 0.1/kWh. A weighted
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average installed cost for large scale hydrower in
Africa is about USD 1.4 million/MW.

The report also indicated that the implementation
of SHP plants is a cost-effective off-grid solution
for rural areas. Capacity factors can be high and
generation costs relatively low with an average
LCOE of about USD 0.5/kWh. The weighted
average capacity installation costs is about USD

Consequently, for Nigeria to fully exploit the yet
to be exploited hydropower potential of
18,300MW of large hydropower at USD 1.4
million/MW and 3,400MW of SHP at USD 3.8
million/MW, would require about USD 40
billion.

Figure 2 shows the LCOE from utility-scale
renewable power generation technologies, 2010 —

3.8/ MW. 2020 from IRENA (2021).
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Figure 2. Levelized Cost of Energy (LCOE)
from Utility-scale Renewable Power Generation
Technologies, 2010 — 2020 (Source: IRENA)

4.0 Hydropower Policy in Nigeria

The National Energy Policy, approved by the
Federal Executive Council (FEC) in 2003, as the
omnibus integrated energy policy that gives the
direction that the government wants to develop its
energy sector, has these policy statements on
hydropower:
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a. The nation shall fully harness the
hydropower potentials in the country for
electricity generation.

b. The nation shall pay particular attention
to the development of SHP schemes for
the growth of the rural economy.

c. The nation shall exploit hydropower
resources in an  environmentally
sustainable manner.

d. The nation shall actively promote private
sector and indigenous participation in
hydropower development.

e. The nation shall support research and
development  activities for  local
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adaptation  of
technologies.

hydropower  plant

Similarly, the policy objectives have been
stated and the short, medium and long-term
strategies to enable achievement of the policy
objectives are proffered.

5.0 Increasing the Utilization of Hydro
potentials in Nigeria

There are efforts on-going aimed at exploiting the
hydroelectric potentials of the Country. The
Federal Government has been demonstrating
political will towards increasing the share of
hydropower in the electricity generation mix of
the nation. The Zungeru 700MW plant is due for
completion soon and the Kashimbila 40MW
Project has been completed, awaiting
commissioning. Furthermore, the construction of
the 3,050MW project in Mambilla, Taraba state
is due to take off in earnest with a target
completion year of 2030.

Furthermore, in promoting small hydropower
development in Nigeria, the United Nations
Industrial Development Organization (UNIDO)
in 2015, with the support of the Global
Environment Facility (GEF) and the government
of Nigeria launched the project “Scaling up small
hydropower (SHP) in Nigeria”. The main
objective of the project is to promote investment
in SHP technology and strengthen local
manufacturing of small hydropower turbines in
Nigeria. The project comprises of four (4) major
components including “Human and institutional
capacity building”. This project is expected to
deliver additional 3.1MW of Hydropower to the
nation when completed. It was under this project
that the 400kW small hydropower project in
Kakara, Taraba state was implemented and the
plant is currently serving the electricity needs of
Highland Tea factory in Taraba State. This is in
addition to a 30 kW SHP plant and 150kW SHP
were also established in Ezioha Mgbowo in
Enugu and Waya Dam in Bauchi, respectively in
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collaboration with respective River Basin
Authorities, before 2003. Other sites are still
being worked on, under this project.

However, the need for participation of the
organized private sector in the development of
hydroelectric potentials of Nigeria cannot be over
emphasized. There are sites already identified as
investable hydropower sites in studies conducted
by UNIDO and another by the Federal Ministry
of Power. Private investors are therefore needed
in order to drive increase in utilization of
hydropower in Nigeria in line with the Electric
Power Sector Reform (EPSR) Act 2005.

6.0 Challenges Confronting Hydropower

The development of hydropower, like any
infrastructural facility in Nigeria, is majorly
hampered by lack of sustained investment as a
result of weak policy implementation and foreign
exchange challenge. Generally, rivers flow
through different countries giving rise to
management challenges. Climate change is also
negatively affecting hydropower development.

Furthermore, the construction of large
hydroelectric plant may involve displacement of
people from their natural habitats and destruction
of species of plants and animals with attendant
impacts on immediate environment. Inadequate
human and manufacturing capacity is also a
challenge as most of the personnel on, and
equipment for, hydroelectric projects in Nigeria
are foreign. Security of recent, is another cause
for concern as it regards development in general
in Nigeria.

7.0 Prospects and Way Forward

As a nation, good policies on hydropower and
renewable energy development in general have
been put in place. Our challenge has always been
implementation of such policies.
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Nigeria’s National Energy Policy (NEP)
articulates for the optimum development of
Nigeria energy resources in an environmentally
friendly manner and with the active participation
of the private sector.

Hydropower certainly has a significant role in
meeting the energy needs of the country, as
presented in the National Energy Policy, for
driving sustainable economic and social
prosperity of the country.

Other challenges earlier mentioned must
therefore be overcome in order to accelerate the
development of hydropower in Nigeria. The
government’s role is majorly to create an
enabling environment through adequate policies
and incentives backed by legislations that will
attract and guarantee investment into the sub-
sector. There must be concerted efforts to
complete all on-going hydroelectric power
projects in the Country especially the Mambilla
Project which will be the biggest hydroelectric
project in the country. Investments on SHP
should be incentivized in order to enhance
electricity access in the rural areas. Local
capacity must be built so that indigenous
Engineers will be fully involved in the design,
construction and maintenance of hydroelectric
projects in Nigeria. This will be in line with
Executive Order 5 for planning and execution of
projects, promotion of Nigerian content in
contracts of science, engineering and technology.
Our security situation as a nation also needs to
improve so that hydroelectric projects can go on
without any hindrance.

8.0 Conclusion

Electricity access in Nigeria still about 60% and
even much lower in the rural areas. The huge
unexploited hydropower potentials, need be
exploited in order to increase energy access and
also serve as a climate change mitigation measure
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as it is renewable. The National Energy Policy
states that the nation shall fully harness the
hydropower potential available in the country for
electricity generation and pay particular attention
to the development of small hydropower
schemes. It further states that the exploitation of
the hydropower resources shall be done in an
environmentally sustainable manner and private
sector and indigenous participation in
hydropower development shall be actively
promoted. It is time to vigorously pursue what is
in our policy document on hydropower in order
to increase its utilization and provide adequate
and cost-effective energy to Nigerians in a
sustainable manner. There should be continuity in
policy implementation to enable sustainability
and benefits to the nation.
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Abstract

Harnessing the energy of our environment for economic activity is intrinsically reliant on Power Supply
infrastructure. Without well developed and maintained Power Supply infrastructure, the objectives of
National Economic Growth by economic handlers of our country cannot be realistically implemented.

Government involvement in development related activities, has all the antecedents for stakeholders in the
privatized power sector to cast aspersion on its motives and intentions. However, by continuously engaging
relevant stakeholders, jettisoning old ways and adopting time-tested methodologies that are the norm in the
modern business of Generating, Transporting and Distributing electricity, the implementing arms of the
government can utilize capacity building to impact individuals and organizations who are reliant on Power
Supply Infrastructure for their benefit. In the advent of the privatized power sector, some of these benefits
include safety of life and equipment, profitability of Generation, Transmission and Distribution assets
owing to good overall design in consonance with veritable maintenance strategies, prevention of cascading
faults propagating the entire system, and a data driven approach to making decisions on utilization of both
public and private resources.

The focus of this Paper is Capacity Building for Effective Maintenance of Power Supply Infrastructure in
Nigeria. This paper seeks to enlighten the reader on insights into the programmes and methodologies that
have been adopted by the government for ensuring that there is sustained Human Capacity in the Nigerian
Power Sector. It also identifies the problems of Power Supply Infrastructure and touches on existing
opportunities for capacity development in the maintenance of Power Supply Infrastructure as a solution to
these problems. The paper further underscores the challenges encountered by the government in setting up
Capacity Development Frameworks and acquiring funding for Capacity Development.

In conclusion, this paper will recommend several approaches that can embed Capacity Development in the
attitude and psyche of Power Sector-facing agencies of government. The adoption of Capacity
Development as fundamental to sustainability of Power Supply Infrastructure, is the much-needed paradigm
shift in the approach to delivering realistic milestones for National Economic Growth. By embracing
Capacity Development as fundamental to sustainability of the Sector, challenges of the sector in the area of
maintenance of Power Supply Infrastructure can be approached from a perspective of growth. Further
recommendations will also be made on structures that can secure the buy-in of private sector players
towards the overall goal of National Economic Growth.

Keywords: Nigerian Power Sector, Funding for Capacity Development, Maintenance Strategies, Power

Supply Infrastructure, Attitude to Capacity Development, Sustainabilit
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INTRODUCTION

With Africa in focus, Nigeria is the largest
economy on either side of the Sahara Desert.
Supplying the Nigerian economy at three times
its current size would require less energy demand
if the energy mix were to be diversified. (IEA,
2019) Today, 80% of on-grid power generation in
Nigeria comes from gas; most of the remainder
comes from oil, with Nigeria the largest user of
oil-fired back-up generators on the African
continent. (IEA, 2019). The prevalence of oil-
fired back-up generators is as a result of the
erratic nature of on-grid power supply across
Nigeria. Several categories of electricity
consumer who are dependent on stable power
supply, have their economic activity affected by
the stability of grid supply.

Small and Medium-Scale Enterprises (SMEs)
cannot thrive solely on unstable energy from the
grid so they must rely on alternative energy
sources to keep their operations afloat. Without
considering manufacturing capacity of SMEs, the
scenario is similar for residential areas, the
highest grid energy consumption category in
Nigeria (GIZ, 2015), where electricity from the
grid is utilized for daily running of household
activities. Another category of electricity
consumer, even though catered to by the Eligible
Customer Regulation 2017 (Oduntan, 2021),
must also plan for back-up captive power on the
odd day that grid electricity through
unconventional electricity market routes becomes
unreliable.

One of the reasons advanced for power sector
reform was the participation of private sector
participants who would inject funding into the
NESI for expansion and development of power
supply infrastructure, as failing and inadequate
power supply infrastructure constantly led to
interruptions in power supply to all categories of
electricity consumer. (Adoghe et al., 2009)

There are two ingredients that fundamentally
support the effectiveness of Power Supply
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Infrastructure, (1) Qualified Personnel who will
carry out maintenance programs that are designed
to keep Power Supply interruptions to a minimum
(2) Regularly scheduled inspection, testing and
servicing of equipment (NFPA 70B, 2002). As
the apparent reality of energy demanded by the
various categories of electricity consumer is
anything but univocal, it is therefore rational to
expect that an undiversified energy mix in
combination with, energy demand outstripping
supply and insufficiently maintained power
supply infrastructure by Qualified Personnel, will
pose a problem to economic growth. The barriers
to economic growth are detailed in numerous
research papers and documents for national
economic development.

Vision 20:2020, as a planning and strategy
programme for national economic development,
identifies unreliable power supply, poor and
decaying infrastructure, and high dependence on
the oil sector as significant barriers to national
economic development. It goes further to propose
targets for development of the energy sector.
Measures to achieve the set targets in Vision
20:2020 also resonate with other planning and
strategy documents for national economic
development. Some commonalities in the
measures are capacity development (GIZ, 2015),
Research and Development (NREEEP, 2015),
promotion of alternative technologies such as
solar, to diversify the energy mix (REMP, 2012)
and so on. While it is undeniable that the country
has experienced various levels of success in
achieving the various targets for the measures
aimed at expanding the energy mix, the
mechanisms and methods for assessing the
impact of capacity building measures for power
supply  infrastructure  development  and
maintenance is non-existent or lagging behind by
comparison. Given the process-driven nature of
capacity building, it is important to have systems
that will enable the tracking of results along the
processes, so as to demonstrate concrete results
and trace evidence. (Lawal, 2018) Some systems
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that are deep-seated in the modern methods of
business development for the electricity value
chain are equally relevant for capacity building
along the chain. Specifically, Quality
Management Systems (QMS) and Data driven
systems are key to evidence-based decision
making towards assessing the impact of capacity
building for development and maintenance of
Power Supply Infrastructure.

From a perspective of economic growth, making
data driven decisions is crucial to both modern
business development and capacity building for
Power Supply Infrastructure maintenance. With
the right data management systems, behaviour of
stakeholder groups like policy makers, service
providers, and beneficiaries can be accurately
monitored for the application of a training
product/market fit that ensures a positive trend
for adequacy of the ingredients that support
Power Supply Infrastructure which will help to
solve the problems of the target market in ways
that are superior to the alternatives. (Dickson,
2021) The resulting positive trend is important
for responding to the growth of beneficiaries’
expectations which ultimately results in the
robustness of Power Supply Infrastructure. The
robustness of Power Supply Infrastructure is an
economic development objective that is
important to all stakeholder groups in the NESI,
and thus, capacity building for Power Supply
Infrastructure maintenance has to grow in a
manner that corresponds to the needs of all
stakeholders who are reliant on Power Supply
Infrastructure for their benefit.

The 2030 Agenda for Sustainable Development
Goals lists several measures required for
implementation of the goals and targets. These
measures include mobilization of financial
resources, capacity building, and the transfer of
environmentally  sound  technologies to
developing countries. This paper takes a look at
capacity development as a solution to problems
of Power Supply Infrastructure, evidence-based
decision making for capacity development, the
risks to Power Supply Infrastructure associated
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with lack of capacity in NESI career aspirants and
career employees, and the benefits of employing
modern methods to capacity building aimed at
Power Supply Infrastructure maintenance. The
paper proposes several approaches that may help
to improve stakeholder cooperation and ensure
sustained capacity building towards maintenance
of Power Supply Infrastructure.

OVERVIEW OF CAPACITY BUILDING FOR
THE POWER SECTOR

Nigeria’s Privatized Electricity Sector has come
a considerable way; It has been thirteen (13) years
since the sector was subjected to reform in order
to improve efficiency of Power Supply to
Nigerian citizens. Many of the driving forces
behind the global electricity reform were equally
at play in the Nigerian scenario: Capital Scarcity,
Persistent Poverty, Debt and Deficits, and
Economic Inefficiencies. (Adoghe et al., 2009) In
adopting the pathway offered by reform, Nigeria
signified its intent to solve the problems created
by state owned monopolization of the electricity
sector. Understandably, one of the hallmarks of
troubled reforms is neglecting the need for
targeted Capacity Building to support the reform.
(Wamukonya, 2005) For the most part, this is due
to the advancement of new structures which the
handlers of the reform lacked the capacity to
address. (Adoghe et al., 2009) (Vlahini¢, 2011)

In the case of electricity, it was envisaged that,
amongst other challenges, the companies that
emerged from the privatization exercise would
experience obstacles in staffing at the different
organizational levels. (Adoghe et al., 2009) This
new staffing structure would require training
unlike what was obtainable in the erstwhile
monopoly, where capacity building and training
of both technical and accounts and finance
personnel in the electricity sector was sufficient.
In order to wholly support the reform, a desk
study was carried out and the initial
recommendation was for the enactment of a
comprehensive training policy which would be in
tune with the changing scenarios of the sector.
(Nigeria Infrastructure Advisory Facility, 2008)
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The NIAF was the instrument for the setting up
the National Power Training Institute of Nigeria
(NAPTIN) and its initial recommendation paved
the way for the National Power Sector Training
Policy (NPSTP). This policy is currently awaiting
validation at the next National Council on Power
(NACOP).

The Nigerian Power Sector has been the
beneficiary of a number of Donor funded
Capacity Building Initiatives which are all
targeted at strengthening the Capacity of
organizations like NAPTIN for training delivery
and ultimately tackling the aforementioned forces
responsible for the reform in order to create a
thriving and sustainable electricity supply
industry which will support economic growth.
Some Programmes by Donor Financial
Institutions (DFI) include NESP I & II by GIZ,
Enhancing Vocational Training Delivery for the
Power Sector in Nigeria by French Agency for
Development, Scholarship Training programmes
executed by ANCEE and financed by AfDB and
AFD, USAID Meter Installation and
Maintenance Training of Trainers, and Improving
the performance of Electricity Distribution
Companies by JICA. Notable in the NESP is the
training course on Maintenance of Transformers
and Switchgear that was a result of the Training
Market Assessment in Nigeria conducted in 2013
and a competence analysis evolved together by
GOPA-intec and NAPTIN. The Training Market
Assessment itself was another such Capacity
Development activity in GIZ’s NESP which, as
one of its objectives, sought to build capacity in
the methods of conducting such an assessment for
future replication. The Man Power Audit of the
Power Sector which may cover other power
sector entities not covered by the NESP’s
Training Market Assessment, is being worked on
by NAPTIN and NERC and is testament to the
success of DFIs capacity building interventions
for the Nigerian Power Sector.

DFIs have also directly trained entities and Power
Sector Stakeholders other than NAPTIN in order
to achieve quick wins towards advancing the
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themes of their development programmes for
Nigeria’s promising power sector. Stakeholders
like the TCN have also reintroduced one-year
pupillage training programs where new engineers
get the necessary practical experience before they
are exposed to the hazards of high voltage
network. (TCN, 2017/2018) TCN has also played
a key role in putting NAPTIN on the path of
setting up a QMS and certifying its processes
through ISO 9001:2015.

The Federal Government of Nigeria’s vision to
achieve 30,000 megawatts of electricity by the
year 2030, with at least 30% from renewable
energy sources (Electricity vision 30-30-30) has
also seen various capacity building initiatives in
the sector. Worthy of Note is the Energizing
Education Programme which is coordinated by
the Rural Electrification Agency.

Until the 90 million Nigerian people who at
present remain disconnected to the mainstream
grid supply, become acquainted with sustainable
electricity supply, the drive to build capacity and
continuously train stakeholders must be pursued
relentlessly. The value proposition of capacity
building and training for power sector
stakeholders in this regard is the sustainability of
efforts for making electricity accessible to all
Nigerian citizens

PROBLEMS WORKING AGAINST
CAPACITY BUILDING FOR
MAINTENANCE OF POWER SUPPLY
INFRASTRUCTURE IN THE SECTOR
Despite the strengthening of NAPTIN by DFIs
and the Federal Government of Nigeria, there is
still a massive skills deficit in the sector,
exacerbated by the demands of the newly
reformed companies who cannot afford the
luxury of extensive pupillage programs. (NESP -
UNIT 4, 2014) In order to aggressively meet the
demands of the newly formed companies,
NAPTIN has contracted Adjunct Faculty who
have the requisite industry experience to deliver
trainings within the time frames that can be
afforded by the newly reformed companies.
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NAPTIN has also offered customized training
courses and the flexibility to customize its
training courses to suit the training policies of
power sector entities.

Another problem experienced by capacity
building for the sector is the perception of
capacity building by all Power Sector
stakeholders and this is highly consequential in
the extent of adoption of the NPSTP and the
fidelity of the Man Power Audit of the Sector.
The different entities in the sector have a myriad
of diverse motivations for their participation in
the sector which introduces complexities in the
ways that they wish to structure training and
capacity building into their bottom lines.

The current state of operations and control of the
Nigerian Power system as described by USAID
reports that service providers do not plan
maintenance properly or in line with international
best practices (NPSP, 2020). The lack of capacity
to properly plan maintenance is an issue that can
be addressed through developing the capacity of
Service Provider’s (SP) staffing to include
planning experts to establish maintenance
planning criteria to improve maintenance
practices and therefore, improve system security
and economics. This presupposes that there
should be maintenance planning coordination
among service providers.

PROBLEMS OF MAINTENANCE OF
NIGERIAN POWER SUPPLY
INFRASTRUCTURE

Nigeria is the largest economy in sub-Saharan
African with a population of over 200 million
people and experiencing obstacles in the power
sector that are constraining national economic
growth. The country is blessed with gas reserve,
oil, solar, wind, biomass and hydro resources
with potential to generate over 14,000MW of
electricity from existing generation plants.
However, it is only able to delivered slightly
above 4,000 MW which is insufficient for the
population and sustaining the desired growth.
The NESI experiences broad challenges related to
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gas supply, electricity policy enforcement,
generation, transmission and  distribution
constraint, power sector planning shortfalls, lack
of adequate maintenance and human capacity
development that have kept the industry from
reaching commercial viability.

Generally, the populace sees lack of electricity as
a result of low generation capacity, however the
breakdown of the generation, transmission and
distribution due to lack of adequate maintenance
is directly or indirectly linked to supply
interruptions and sometimes even system
collapse.

The maintenance of Power Supply Infrastructure
or any engineering infrastructure consists
primarily with the responsibility of detecting,
diagnosing, correcting, replacing and verifying
failure of components or equipment while
ensuring optimal performance of the equipment
through  scheduled  periodic  preventive
maintenance and sustained repairs carried out on
faulty equipment. The importance of effective
maintenance practices cannot be overlooked
because it assists in extending the useful life of
equipment, safety of personnel, reduces system
downtime and ensures availability of the
equipment when the need arises. (T.C Madueme)
The cost of a major breakdown which will result
in downtime is between four to fifteen times
higher compared to the cost of regular
maintenance based on a recent survey.

The Nigerian Electricity Supply Industry (NESI)
has undergone changes with the intention of
repositioning the industry to function efficiently
over the past few years with notable government
reforms, programme and policies being
implemented in order to encourage the
development of the sector. However, these
reforms and policies are tailored towards
incremental generation, upgrading transmission
and distribution infrastructure with little or no
policy to institutionalize capacity building as one
of the components for the effective maintenance
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of the aforementioned Infrastructure. It should be
recalled that NESI has suffered decades of lack of
investment, ageing manpower and infrastructure,
and little or no effective maintenance plan which
becomes the major factor for influencing failure
of the industry. The poor state of maintenance of
Nigerian Power Infrastructure could be attributed
to the stakeholder’s  attitude towards
maintenance, obsolete equipment, unskilled
manpower or workforce, lack of adequate
training and poor funding. (Y. O Lawal)

For years, NESI stakeholders’ attitude towards
maintenance has been treated with neglect, as
unnecessary, and often overlooked. Emphasis is
placed on getting the best productivity from
power supply infrastructure equipment but it is
not recognized as a part of the operation that
produces revenue which requires well-structured
maintenance policy. (OK Ekwum). Effective
Maintenance is a very vital component of any
grid system or power supply infrastructure and
our poor maintenance culture has affected power
stability in Nigeria.

In order to achieve a seemingly energy mix
development for National Economic growth,
there is a need for the government and other
stakeholders to take steps to establish and
implement a National Maintenance Policy
(NMP) on NESI infrastructure aimed at
addressing maintenance challenges, which must
encapsulate human capacity building of the
industry players as one of its fundamental
components to ensure effective maintenance and
sustainability of power supply infrastructure so as
to get the NESI performing at its optimal
potential.

CAPACITY DEVELOPMENT AS A
SOLUTION TO PROBLEMS OF
MAINTENANCE OF NIGERIAN POWER
SUPPLY INFRASTRUCTURE

Capacity building is a nucleus of development
policy. Capacity Development is “the process
whereby people, organizations and society as a
whole, unleash, strengthen, create, adapt, and
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maintain capacity over time in order to achieve
development results”. Capacity development can
be classified into three major levels namely:
Individual,  organizational and enabling
environment which completely are
interdependent and mutually strengthening,

Individual capacity development: This is
achieved by improving individual vocational
knowledge, performance and skills through
training, mentoring, experiences, motivation and
incentives. It allows each personnel to perform.

Organizational capacity development: This can
be realized by improving organizational
performance through plans, rules, strategies and
leadership,  partnerships,  structures, and
strengthening processes as well as systems. It is
the internal policies, procedures and structure that
determine the effectiveness of an organization.

Enabling environment: The need to develop and
improve policy framework to address socio-
economic, environmental, political, financing,
labour markets, and class structures. The enabling
environment set the general scope for capacity
development. (Otoo)

The development of human and institutional
capacity in NESI is vital because it helps society
develop and sustain economic growth through
training, education and mentoring, and most
importantly it motivates and inspires industry
practitioners to improve their living standard
while carrying out effective maintenance of
power supply infrastructure.

THE IMPACT OF CAPACITY
DEVELOPMENT IN THE PRIVATIZED
POWER SECTOR (BENEFITS AND
SOLUTIONS)

Lack of maintenance has become a major concern
that is affecting Power Supply Infrastructure in
most developing countries. Maintenance is an
inconsequential action in developing countries
hence, due to insufficient knowledge about
maintenance concepts, it is not prioritized.
However, because the management of
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Transmission Company of Nigeria (TCN)
realized the benefits and solution that is
associated with capacity development, the
company engaged NAPTIN on aggressive human
capacity development by training over five
hundred (500) personnel in the year 2018 and has
since continued to do that on an annual basis

which has led to reduction of system disturbance.
Shown below in Table 1 is a data for a Summary
of System Disturbance for Generation and
Transmission Company of Nigeria from 1990 to
2019 as published by TCN as Grid System
Operations 2019, Annual Technical Report.

TABLE 1: SUMMARY OF SYSTEM DISTURBANCES. (JANUARY 1990 - DECEMBER 2019)
TOTAL DISTURBANCES CAUSED DISTURBANCES CAUSED PARTIAL GRID COLLAPSE TOTAL GRID COLLAPSE DISTURBANCES DUE TO INDERTERMINATE CAUS
BY GENERATION FAULTS BY TRANS. FAULTS

YEAR |oistumsance| numser | #OFTOTAL | GGLEEL | %OFTOTAL | (Rito | cavsep | TOTAU | causeo | cavsed | TOTAL | coliapse [coLiapse| TOTAL | %OFTON
2019 11 2 18.18% 8 72.73% o 1 1 2 7 9 1 o 1 9.09%
2018 13 1 7.69% 12 92.31% o 1 1 1 11 12 o o o 0.00%
2017 24 a4 16.67% 20 83.33% o 9 9 4 11 15 o ] o 0.00%
2016 27 8 29.63% 19 70.37% o 5 5 8 14 22 o o o} 0.00%
2015 10 o 0.00% 10 100.00% o a 4 o 6 6 o o o 0.00%
2014 13 2 15.38% 10 76.92% o a a 2 7 9 1 o 1 7.69%
2013 24 2 8.33% 22 91.67% o 2 2 2 20 22 o o o} 0.00%
2012 23 1 4.35% 19 82.61% o 8 8 1 11 12 2 1 3 13.04°
2011 19 o 0.00% 17 89.47% o 5 5 o 12 12 o 2 2 10.53¢
2010 42 9 21.23% 29 69.05% 2 17 19 7 12 19 4 o 4 9.52%
2009 39 8 20.51% 31 79.49% 3 17 21 5 14 19 o o o 0.00%
2008 a2 8 19.05% 32 76.19% 5 10 16 3 22 26 1 1 2 4.76%
2007 27 3 11.11% 24 88.89% 1 7 9 2 16 18 o o o 0.00%
2006 30 8 26.67% 22 73.33% 2 8 10 6 14 20 o o o 0.00%
2005 36 15 41.67% 21 58.33% a 11 15 11 10 21 o o o 0.00%
2004 52 20 38.46% 32 61.54% 7 23 30 13 9 22 o ] o 0.00%
2003 53 14 26.42% 39 73.58% 9 30 39 5 9 14 o o o 0.00%
2002 a1 19 46.34% 22 53.66% 18 14 32 1 8 9 o o o 0.00%
2001 19 9 47.37% 10 52.63% 1 a 5 8 6 14 o o o 0.00%
2000 11 2 18.18% 9 81.82% o 6 6 2 3 5 o o o 0.00%
1999 9 2 22.22% 7 77.78% 1 a 5 1 3 a4 o o o 0.00%
1998 18 2 11.11% 16 88.89% 2 11 13 o 5 5 o L] o 0.00%
1997 20 o 0.00% 20 100.00% o 13 13 o 7 7 o o o 0.00%
1996 10 3 30.00% 7 70.00% 2 6 8 o 2 2 o o o 0.00%
1995 11 o 0.00% 11 100.00% o 10 10 o 1 1 o o o 0.00%
1994 5 a4 80.00% 1 20.00% 1 3 a4 o 2 2 o ] o 0.00%
1993 19 o 0.00% 19 100.00% o 14 14 o 5 5 o o o 0.00%
1992 1 o 0.00% 1 100.00% o 1 1 o o o o o o 0.00%
1991 6 1 16.67% 5 83.33% o 1 1 1 a 5 o o o 0.00%
1990 14 11 78.57% 3 21.43% o o o 11 3 14 o o o 0.00%

Source: TCN Grid System Operation 2019 Annual Technical Report

Analysis of the table

The impact of TCN effective maintenance
practice after over five hundred (500+)
Engineers, Technologist, Technicians and Non-
Technical personnel trained by NAPTIN through
sponsorship of Associations of Power Utilities of
Africa (APUA) in the year 2018 has resulted in
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successive reduction of system disturbances,
prompting the company to operate efficiently
based on Grid System Operations 2019, Annual
Technical Report.
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From the table above, Transmission related faults
caused Eight (8) and ten (10) system disturbances
that occurred in 2018 and 2019 respectively,
while Generation faults caused Two (2) of the
collapses. Compared to 2017 before the capacity
development, twenty (20) Transmission related
faults occurred.

Analyses of the diverse events precipitating the
System  Disturbances generally reflected
inadequate routine maintenance of the rights-of-
way of grid transmission and sub transmission
circuits. This led to over-growth of bushes along
these rights-of-way and, consequently, the
incessant fouling of the high voltage circuits by
all types of encumbrances such as vegetation.
Other causes were unreliable protection schemes,
aged equipment, poor relay coordination etc.

Over the years, it has been noticed that restoration
after system disturbance has often been through
the same faulted circuits, after resetting the relays
that operated. This pointed to the fact that the
faults, more often than not, were only temporary
(transient) and may have been avoided. These
circuits are being patrolled and maintained in a
thorough and effective manner. Also, some of the
disturbances were traceable to protection
problems; especially lack of proper coordination
of distance relays, spurious operations and
outright failures of relaying schemes.

Supported by the investigation of the table, it is
evident that the rationale behind inadequate
maintenance at utilities is principally due to lack
of capacity development. Hence, -capacity
development/ training is required in order to
improve maintenance practice at utilities thus
improving maintenance performance. The
maintenance training program/courses
curriculum offer in NAPTIN include policy
makers and investors because NAPTIN is a
parastatal under the Federal Ministry of Power
established as part of the privatization process. In
order to institutionalize the culture of
maintenance in both organizational and corporate
level of NESI, NAPTIN designed its cutting-edge
maintenance training programme curriculum
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involving investors and policy makers through
curriculum validation.

The benefits and solutions of Capacity
development deduced from the analysis of the
table can be stated as follows

It builds up knowledge, confidence, and
resources; skills that grow from capacity
development efforts on a project has enhanced
TCN’s ability to envisage and take measures on
other projects.

Capacity development procedures intentionally
minimize dependence on experts outside the
organization as sources of maintenance solutions,
knowledge, and resources to TCN issues. It
encourages the TCN professionals to take
measures on maintenance problems.

Capacity  development encourages TCN
professionals to become maintenance process
owners and they are thus empowered for future
development which helps them to gain control
over the process.

These efforts are conscious to the TCN
organizational culture and environment, as a
result, often lead to more practicable and
applicable maintenance solutions than techniques
that are driven without capacity development

THE RISKS TO POWER SUPPLY
INFRASTRUCTURE ASSOCIATED WITH
LACK OF CAPACITY IN CAREER
ASPIRANTS AND CAREER EMPLOYEES
Capacity development in Nigeria Electricity
Supply Infrastructure (NESI) challenges and
tensions are not limited to Nigeria or other
developing nations but may have more severe
consequence on these nations since their
resilience to deal with the issues is usually lower.
The risk to power supply infrastructure associated
with lack of Capacity in career aspirants and
employees can be notice from Table 1 that
between year 2016 and 2017 the disturbance
caused by both Generation Companies and
Transmission Company of Nigeria fault is high

because the level of their investment in capacity
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development is low which impacts on the
productivity and morale of their career
employees.

FRAMEWORKS FOR CAPACITY
DEVELOPMENT (NSQF) AND SKILLS
ORGANIZATION

A strong Nigerian electricity supply industry
needs well-trained and properly inspired
employees. As seen with all sectors of the
Industry, in the last fifteen (15) years, there has
been no significant investment in specialized
training, and investments in capacity building
have been inadequate. Indeed, much of the
trained employees are aging and nearing
retirement age.

The Federal Government of Nigeria recognizes
this and is developing a broad strategy to
strengthen the existing employees competency
through skill enhancement and professional
development programs. This strategy will
guarantee that an effective workforce is recruited,
trained, and retained to carry out the
government's vision for the power industry. As
part of this approach, the government has made
the National Power Training Institute of Nigeria
(NAPTIN) fully operational, ensuring that the
government pays particular attention to the
sector's training infrastructure, developing of
National Power Sector Training Policy (NPSTP)
and bearing the mandate of Power Sector Skills
Council responsible for Institutionalization of the
Nigerian  Skills  Qualifications Framework
(NSQF) in Nigeria.

NSQF is a system for the development,
classification and recognition of skills,
knowledge, understanding and competencies
acquired by individuals, irrespective of where
and how training or skill was acquired. The
system gives a clear statement of what the learner
must know or be able to do whether the learning
took place in a classroom, on-the-job, or less
formally. The framework championed by
National Board for Technical Education (NBTE),
indicates the comparability of different
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qualifications and the methods of progression
from one level to another. The framework is the
structure within which the NSQF operates, aimed
at promoting lifelong learning and providing
quality assurance and recognition. The objectives
of NSQF are to ensure the quality, status,
relevance, and provision of the availability of
Technical and Vocational Education and
Training (TVET), reduce complexity and
ambiguity of selecting a competent person by
industry, and narrowing the gaps between what
TVET graduates know and can do and the skills
and knowledge that employees say they need.

APPROACHES FOR ENSURING THAT
THERE IS SUSTAINED HUMAN CAPACITY
DEVELOPMENT TOWARDS
MAINTENANCE OF POWER SUPPLY
INFRASTRUCTURE

Growing the capacity building initiatives for
power sector stakeholders means an increase in
the number of qualified stakeholders who are
desirous of moving the current state of power
supply infrastructure towards sustainability. By
lending wurgency to the coordination of
stakeholders and stakeholders capacity building,
the appreciation of many of the problems found
in power supply infrastructure maintenance and
its effects on economic growth will become more
mainstream rather than specialized information
which is perceived as the preserve of a privileged
few, a hallmark of the pre-reform era.

Stakeholders also need to be active in assessing
the gap in their skills and what trainings they need
to have to be considered qualified in their
respective  fields. By empowering the
stakeholders to know in detail their levels of
competency, they are motivated to look for more
tools and training to enhance their productivity
towards ensuring the robustness of power supply
infrastructure for the sector.

Through prioritization of the following
approaches, capacity building for maintenance of
power supply infrastructure will have the
intended consequences of economic growth:
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The need for collection of data on skills in the
sector has never been more in need than right
now. By continuously sensitizing stakeholders on
the need to collect data on available skills and
making such data easily accessible to
stakeholders, the results from a Man Power audit
for the power sector becomes easily supported by
all concerned and the problems of power supply
infrastructure maintenance becomes more easily
defined in our economic space. An example of
this is the effect of data collected on metering
which assists all stakeholders in understanding
the metering gap.

The NPSTP needs to be constantly on the agenda
for all engagements that concern power sector
stakeholders. Until stakeholders claim ownership
of the policy, many of the projected successes of
the reform will remain out of our reach.

Quality Management System (QMS) for service
providers needs to become more mainstream for
streamlining activities and improving the
processes involved in power supply infrastructure
maintenance; without a basic incentive to
improve processes of SPs, the sector runs the risk
of continuously falling behind expectations.

If given consideration, the National Maintenance
Policy (NMP) should be coordinated with other
relevant policies in the power sector.

The Health and Safety of personnel directly
concerned with maintenance needs to be given
proper attention as this will reassure them that
their contributions to economic growth does not
go unnoticed. Legislation to this effect is highly
recommended.

CONCLUSION

Capacity  Building for Power  Supply
Infrastructure development and Maintenance and
its concomitant effects on National Economic
Growth needs to become a staple in the post-
reform Power Sector Agenda. In adopting a
knowledge economy as a way to diversify
Nigeria’s economic activities, it is poignant to
remember that the speed of the economy moves

at the speed of proliferation of stakeholders’
knowledge and skills. The adoption of Capacity
Development as fundamental to sustainability of
Power Supply Infrastructure, is the much-needed
paradigm shift in the approach to delivering
realistic milestones for National Economic
Growth. By embracing Capacity Development as
fundamental to sustainability of the Sector,
challenges of the sector in the area of
maintenance of Power Supply Infrastructure can
be approached from a perspective of growth.
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PUBLIC PRIVATE PARTNERSHIP AS A VERITABLE TOOL FOR SUSTAINABLE
ENERGY MIX FINANCING IN NIGERIA

by
INFRASTRUCTURE CONCESSION REGULATORY COMMISSION

Abstract: Nigeria since independence has witnessed increases in the rate of urbanization and growth
in the transport sector and industry mainly propelled by fossil fuel (coal — oil). As energy demand
assuredly increased, supply became grossly inadequate. The challenge of meeting present energy
demand in Nigeria is colossal in the sense that while seeking for sustainable energy supply and making
energy choices, the environmental problems of fossil fuels need to be considered. Hence, in solving our
energy supply constraints, options in a prospective energy mix should equally be environmentally
friendly, sustainable and efficient (conserving energy for more work). PPPs in the energy sector come
in different shapes, sizes and structures and are used mainly in generation and transmission. The
methodology used varies, depending on the place, the government and the specifics of the operation;
therefore, each one is tailored to the needs and circumstances given at the time when the partnership
is created.

required. Nigeria currently spends 9-10
1. INTRODUCTION billion USD per annum on infrastructure.
(source: NIP; AFDB; States Infrastructure &
Regional development TWG; Governors
forum). With the COVID-19 crisis also
rippling through the energy sector, a new lens
through which to view the energy transition
has emerged. Renewable energy sources

Building modern, sustainable, and reliable
infrastructure is critical for meeting the rising
aspirations of billions of people around the
globe. Infrastructure investment helps raise
economic growth rates, offers new economic

opportunities, and facilitates investment in have strengthened their position in the global
human capital. In this paper, our electricity mix as a result of changed energy
concentration is on the Energy Sector production and consumption patterns during
Infrastructure and how Public Private the pandemic. However, the economic
Partnership is a veritable tool for sustainable downturn might cause the sustainable
Energy Mix Financing in Nigeria. funding gap to widen, as private sector

investments may be deferred and government
budgets are strained. In developing countries,
governments may not have the financial
means for generous stimulus packages.
Hence, the need for Public Private

2. MAIN BODY

Susta@nable ﬁnance plays an _e_ssential Partnership (PPP) as a financing option for
enabling role in the energy transition and one of the United Nations Sustainable
innovation. Meeting a future global increase Development Goals (SDG) also known as
in energy demand in a sustainable way while Global Goals l.e. Affordable and Clean
reducing emissions from existing Energy.

infrastructure will require trillion dollars of
investment. However, there is currently a gap
of many hundreds of billions of dollars
between existing investments and what is
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The term “energy mix refers to the
combination of the various primary energy
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sources used to meet energy needs in a given

geographic region. It includes fossil fuels
(oil, natural gas and coal ), nuclear energy
and the many sources of renewable energy
(hydro, wind, solar and geothermal ). These
primary energy sources are used, for
example, for generating power, providing
fuel for transportation and heating and
cooling residential and industrial buildings.
To meet energy needs, each country uses the
types of energy available to it, in differing
proportions. This is what is called the energy
mix. While the figures vary significantly
from one country to another, fossil fuels
dominate the energy mix at the global level,
accounting for over 80% of the total. Whether
large or small, ideas and initiatives aimed at
enhancing energy efficiency and use of
Energy Mix, as well as improving energy
access, will need Public-Private Partnerships
to be successful.
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» Public-private partnerships (PPPs) can be
a tool to get more quality infrastructure
services to more people. When designed
well and implemented in a balanced
regulatory environment, PPPs can bring
greater efficiency and sustainability to
the provision of public services such as
energy, transport, telecommunications,
water, healthcare, and education. PPPs
can also allow for better allocation of risk
between public and private entities. PPPs
have become more common not only in
the aftermath of the 2008 financial crisis,
as governments are eager to leverage
scarce public funds but have seen a rise
in developing countries over the last two
decades. More than 134 developing
countries apply PPPs, contributing about
15-20 percent of total infrastructure
investment. PPPs may refer to informal
and  short-term  engagements  of
nongovernmental  organizations, the
private sector and/or government
agencies that join forces for a shared
objective; to more formal, but still short-
term private sector engagements for the
provision of specific services, to more
complex contractual arrangements, such
as build, operate, transfer regimes, where
the private sector takes on considerable
risk and remains engaged long term; or to
full privatizations

3. RESULTS

In Nigeria, the agency responsible for
regulating all PPP projects entered into by the
Government in  Nigeria is  called
Infrastructure ~ Concession ~ Regulatory
Commission (ICRC). The Commission was
established in 2008. As at date, there are 73
post-contract PPP projects under
implementation at the ICRC Projects
Disclosure Portal (www.ppp.icrc.gov.ng or
www.icrc.gov.ng). The portal is the first

(NSE) November 2021



https://www.planete-energies.com/en/content/coal
https://www.planete-energies.com/en/content/nuclear-energy
https://www.planete-energies.com/en/content/renewable-energy
https://www.planete-energies.com/en/content/geothermal
https://www.planete-energies.com/en/content/power
https://www.planete-energies.com/en/content/fuel
http://www.ppp.icrc.gov.ng/
http://www.icrc.gov.ng/

Infrastructure Concession Regulatory Commission

Public Private Partnership As A Veritable Tool For Sustainable Energy Mix Financing In Nigeria

disclosure portal in the world, established in
collaboration with the World Bank in 2017.

As at 30th June 2021, there were 164 pre-

Development and Procurement phases on the
ICRC website (www.icrc.gov.ng). However,

below is a list of all Energy Sector PPP

projects regulated by the ICRC.

contract projects at various stages of
SN MDA PROJECT TITLE SECTOR
. Gurara 2 Greenfield Multi-Purpose Dam
| | Federal Ministry of | Tpo"Concession of the Gurara 2 Greenfield multi-purpose Dam, Energy
Water Resources Niger State includes 300MW of hydropower components of the dam.
Federal Ministrv of Owena Multi-Purpose Dam water supply (Unsolicited Proposal)
2 ry The project will provide about 1.5kwh of electricity to the national Energy
Water Resources grid
Federal Ministrv of Development of MW Oyan Dam Unsolicited
3 y This involves the Operations and Maintenance of 9MW hydroelectric Energy
Water Resources
power.
Development of 220MW River Mada Medium hydropower plant
4 Federal Ministry of | in Nasarawa State Ener
Water Resources This involves the Operations and Maintenance of 220MW gy
hydroelectric power.
Other PPP Projects:
Federal Ministry of i Developrpent of Tede Dam for Hydro power and other purposes.
5 Water R ii. Concession of Oturkpo Dam for Hydro Power and other purposes. Energy
ater Resources Development of Dasin Hausa Dam for Hydro power and other
purposes.
Ajaokuta Steel company Ltd & National Iron Ore Mining
Federal Ministry of Comp'a'nv .(NIOMCO). . .
6 Mi d Steel Rehabilitation, completion, management and operation of Ajaokuta Energy
1nes and Stee Steel Company and National Iron Ore Mining Company (NIOMCO)
through PPP Concession agreement.
Transformer Repair Services
. The project is an unsolicited proposal submitted by Kilowatt
Federal Ministry of | 5. 0 T imited (KWEL) to the NEMSA. KWEL is proposing a
Power/Nigerian - 7
.- joint venture partnership with NEMSA to operate the transformer
Electricity . L .
7 repairs workshop in [jora Lagos and construction of transformer Energy
Management . .
. repair workshops in Port Harcourt and Kaduna centers. The
Services Agency o . . . .
(NEMSA) partnership will also include the role of electrical inspection, testing

and certification of all electrical installation hitherto performed by
NEMSA.
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Small Hydropower Embedded Power from the Wupa Water
Treatment Plant Effluent Discharge

}l?"z‘::;t?)ll'c/aggz!a Wupa Water Treatment Plant Project on a Build Operate and
y L Transfer (BOT) PPP model to produce electric power from the
8 | Infrastructure . ) . Energy
Investment Center effluent discharge from the plant. Power generation capacity is
( A‘Ilizj) ¢ ente estimated at 3,346.29kW/day which would power the WWTP and
also provide the input for the production of fertilizer and plastics.
The power plant is expected to sell excess power to the national grid.
Concession of 1.2MW Grid Connected PV Solar Power Plant
9 Federal Ministry of | Concession of 1.2MW Grid Connected PV Solar Power Plant at Ener
Power Lower Usuma Dam, Abuja under the Japanese Grant-In-Aid to the gy
FGN
Federal Ministry of | NNPC Refineries Rehabilitation Project
10 | Petroleum The project will involve the rehabilitation of refineries across the Energy
Resources country.
Construction Of LPG And Ethanol/Methanol Plants At Emede
Federal Ministrv of Uzere Delta State (On Public Private Partnership (PPP) Basis)
11 | Petroleum y The construction of an LPG and Ethanol/Methanol Plant at Emede Ener
R . Uzere, Delta State from Everlinksourcing Ltd to the Ministry of &y
esources Petroleum Resources. Identification of Public Private Partnership
projects for Petroleum Equalization Fund,
FMoP have sent concept notes to the Commission and are keen to
develop the following projects;
Federal Ministrv of i. Concession and development of 25MW Katsina Wind Farm
12 P: tre:liummls TY Ol |'ii. Concession and development of 215MW Kaduna Power Plant Ener
Resources/NNPC iii. Concession and development of 10MW lake Chad Basin gy
Development Authority, Borno.
Concession and development of 1.2MW Solar facilities at Lower
Usuma Dam.
Federal Ministrv of University of Benin 15MW Solar Project (Unsolicited Proposal)
13 Power y The project is a ISMW PV Solar power to be sited on a 30Hectare Energy
parcel of land at the University of Benin Ugbowo Campus.
Solar Power Off-Grid Rural Electrification
14 Federal Ministry of | The project involves the provision of off-grid solar power to the Ener
Water Resources remote rural communities in Taraba, Gombe, Niger, Kogi, Ebonyi, gy
Oyo, Ogun, Edo, Akwa Ibom, Katsina and Kebbi states
40 MW Kashimbila Dam Hydropower Station
Federal Ministrv of Kashimbila Dam is a 32m high composite dam with a 40 MW
Pe era/ 1istry o hydropower station located on the Katsina-Ala River, Taraba State, a
15 E(;:Z::i fication tributary of the Benue River, approximately 20 km downstream of Energy
Agency the Nigeria-Cameroon border. It comprises a zoned rockfill

embankment with a central mass gravity ogee spillway, an outlet
works which consist of multi-level intakes and outlet structure.
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Federal Ministry of

Makurdi Hydropower Project
The Makurdi Hydropower Project (Makurdi HPP) was originally
conceived as part of the Plan for Electric Power System Development

16 Power issued by the then National Electric Power Authority [NEPA] in Energy
1974. The planned dam site is located on the Benue River, the
primary tributary of the Niger River in Nigeria, about 10 ~ 15 km
upstream of Makurdi, the capital of Benue State.
Development of Hydroelectric power from existing 6 Small &
Medium from dams across the Country
Federal Executive Council (FEC) gave an approval on the 30th
November 2016 for 6 dams.
Federal Ministry of 1. Bakplori Dam, Zamfarq State
17 Water Resources 2. Omi-Kampe Dam, Kogi State Energy
3. Doma Dam, Nasarawa State
4. Jibiya Dam, Katsina State
5. Zobe Dam, Katsina State
6. Ikere Gorge Dam, Oyo
State
Development of Small, Medium and Large Hydropower Project
Phase 2
Development of hydroelectric power from existing small, medium &
large hydro dams in twelve (12) locations nationwide. As shown
below:
Lot 3A
* TMW Girmi Earth Hydropower Plant, Kaduna State (Brownfield)
* 1.2 MW Lower Usuma Hydropower Plant FCT (Brownfield)
* OMW Oyan Hydropower Plant, Ogun State (Brownfield)
Federal Ministry of | Lot 3B
18 Power(Power)/ * 138MW Dasin Hausa Hydropower Plant, Adamawa State Ener
Federal Ministry of | (Greenfield) gy

Water Resources

* 40MW Kashimbilla Hydropower Plant, Taraba State (Brownfield)
* 92MW Garin Dalli Hydropower Plant, Benue State (Greenfield)
Lot 3C

* 182MW Bawarku Hydropower Plant, Benue State (Greenfield)

* 136MW Manya Hydropower Plant, Taraba State (Greenfield)

* 109MW Katsina Ala Hydropower Plant, Benue State (Greenfield)
Lot 3D

* 700MW Oguma Hydropower Plant, Kogie State (Greenfield)

* 1500MW Makurdi Hydropower Plant, Benue State (Greenfield)

* 441MW Onitsha Hydropower Plant, Anambra State (Greenfield)

4. CONCLUSION
RECOMMENDATION

AND

The choice of Public Private Partnership

(PPP) in the delivery of these projects
were made deliberately by the various
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Ministries, Departments and Agencies to
accelerate investment in new
infrastructure  and  facilitate  the
rejuvenation of existing assets to a
satisfactory standard that meets public’s
needs and aspirations; To also achieve
worthwhile and value for money
investment that is affordable and
beneficial to the government; To increase
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the capacity and diversity of the private
sectors participation in infrastructure
development. These projects have a huge
potential in bridging Energy
Infrastructure Gap in Nigeria. And We at
ICRC strongly believe that PPP’s have a
great potential in Nigeria as long as the
Government develops bankable projects.
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MANAGING REGULATION IN NIGERIA: CHALLENGES AND OPTIONS FOR
IMPROVEMENT

Prof. Frank. N. Okafor FNSE, FAEng.
Commissioner, Engineering, Performance & Monitoring,
Nigerian Electricity Regulatory Commission.

ABSTRACT

In any country, lack of adequate Power supply has cascading and dire impacts on the Economy and all
interdependent critical infrastructure network. When contextualized, this means that a nation’s power
sector can only be said to be sustainably developing if it is effectively positioned to support the
economic and human development needs of today’s people, while primed to meet the energy needs of
future generations. Nigeria with over 200 million people is still abjectly trapped with Grid Power
hovering around 4,500 - 5,000MW while Off-Grid power Generation which is delivered at prime cost
is about 7 times the quantity of Grid Power. This paper looks at the implication of this scenario that
saddles the Regulator with the onerous responsibility of trying to balance the expectations of the
Government which is increased access to electricity at affordable cost, the expectation of the consumers
(the rich and the Poor) which is improved quantity and quality of Power supply and that of investors in
the industry which is primally to make reasonable returns on their investments. All these pressures on
aregulator challenged by a system with predominantly obsolete Infrastructure, low level of Automation,
and even poor Revenue Assurance occasioned by metering penetration of less than 40%.

Managing Regulation in Nigeria: Challenges and Options for Improvement

Contents 9. Infrastructure Decay and Mismatch
Between Gas, Generation,

1. Nigeria In Focus Transmission And Distribution Sub-

2. Energy Resources Potentials in sectors
Nigeria 10. FuelCos
3. Introduction 11. GenCos
4. Dependency Of Other Economic 12. TransCo
Sectors on Energy and Power
13. DisCo
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Introduction
U In any country, lack of adequate and delivery has cascading and dire
power and sustainable energy sources impacts on the Economy and all
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U interdependent and critical development needs of today’s people,
infrastructure networks; while primed to meet the energy needs

) ) of future generations;
 Trends in the world economies and

increasing national demands will put U Nigeria with over 200 million people
additional burdens on meeting the is still abjectly trapped and hovering
self-sufficiency and security goals in around 4,500 - 5,000MW;

h f national devel t;
these areas ol national development; O Therefore, all Stakeholders in the

U When contextualized, this means that Nigeria Electricity Supply Industry
a nation’s power sector can only be (NESI) must work hard to bridge the
said to be sustainably developing if it widening gap between available
is effectively positioned to support and generation capacity and demand.

anchor the economic and human
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ABOUT THE NIGERIAN ELECTRICITY REGULATORY COMMISSION AND Power
Sector Stakeholders’ Expectations

Objects of The Commission resources for the provision of

lectricit ices.
a) Section 32(1)(a) of the EPSR Act, 205 clectrictly services

empowers the Commission to create, b) Section 32(1)(b): The Commission is
promote and preserve efficient also empowered to maximize access to
industry and market structures, and to electricity services, by promoting and
ensure the optimal utilization of facilitating consumer connections to
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distribution systems in both rural and
urban areas.

¢) Section 32(1)(c): The Commission
shall ensure that adequate supply of
electricity is available to consumers.

Section 32(2)(g) further empowers the
Commission to undertake such other activities
which are necessary or convenient for the
Stakeholders’ Expectations and Deliverables

better carrying out of or giving effect to the
objects of the commission.

Customers *  Metered Supply; Reliable Timely settlement of bills
service, Customer care
Disco *  Cost-reflective tariffs Deployment of meters
* Stable regulatory Reduce losses
environment . .
Reliable services
* Reliable and predictable .
. Posting of bank guarantees on contracts
grid supply
«  Timely Settlement of Bills Timely settlement of upstream invoices
. Settlement of MDA Debts Compl.lance with licence terms and
conditions
TCN *  Cost Reflective tariffs Delivery of contracted capacity;
* Stable regulatory Available and reliable contracted
environment capacity
* Payment for available Compensation for non-availability
capacity X L
Compliance with licence terms and
* Timely settlement of conditions
invoices by Discos
* Bank guarantees for
contracted services
NBET * Timely settlement of Timely settlement of Genco Invoices
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invoices by Discos

Bank guarantees on vesting
contracts

CPs for full activation PPAs

LDs for non availability by
Gencos
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Posting of guarantees to Gencos on PPA

Compliance with licence terms and
conditions
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Issues and Challenges impacting the

power sector

Issues Of the Power Sector in Nigeria

Infrastructure
*  QGas supply issues

*  Generation capacity and
Energy Mix

e Transmission and Distribution
Capacities

» Reliability and Quality of
Supply;

» Interface Challenges
* Rehabilitation and Expansion

*  Metering, Communications
and SCADA/EMS

* Integrated & Operational
Planning

* Technical, Safety, and
Security Issues

Commercial
» Illiquidity Issues
* Investments & Funding
»  Market Reflective Tariffs
*  Succession plan

* Tools and training
infrastructure e.g. Training
Simulators, software
applications etc.

* Partnerships and R&D

Iliquidity Crisis of The Power Sector

The major challenge that had hindered
progress in terms of the performances
of the DISCOs and GENCO:s is the
inability of the DISCOs to pay their
bills as expected.

*  Market Remittances

*  Markets Contracts

* ATC&C Losses Reduction
Policy & Regulatory

* Consistency of Policy
Direction & Sector
Coordination

*  Sound Regulatory Oversight

» Effective and Efficient
Electricity Market

*  Creation of New Markets and
Competition

* Implementation of Power
Sector Recovery Plan (PSRP)

* Implementation of
Performance Improvement
Plans (PIPs) by DiCos

*  Adequacy, Safety, Security,
Reliability, Resilience and
Affordability of Electricity.

*  Grid Discipline
Capacity Development
*  Dearth in human capacity

*  Continuous capacity
development

This has been identified as the
fundamental crisis of the sector which
if not addressed can destroy all the
gains we had achieved in the transition
from the public and private sector.

Non-cost reflective tariffs: electricity
tariffs are set well below what is
needed to recover costs, often
requiring heavy government subsidies
to make up the loss and creating
significant financial challenge across
the entire power sector value chain. If
utilities cannot recover their costs,
they cannot make much-needed
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investments in infrastructure
maintenance or modernization.

This has been caused by critical
events, which can be attributed to the
lack of coordination, clear policy
direction, weak regulation &
enforcement and indiscipline.

Funding The Power Sector

In the case of Nigeria, after
privatization we all went to sleep and
implemented policies that scared
national and international bankers.
The difficulty of securing cheap and
low-term infrastructure financing is a
major challenge that all actors along
the value chain are experiencing and
that explains one of the reasons why
the anticipated progress of changing
the technical status of the Distribution
Companies is moving at a slow pace.

Infrastructure: Fuel Company (Fuel-cos)

Gas is the predominant fuel for power
generation in the Nigerian power
sector accounting for 83% of the
installed capacity of over 13,000MW
with available capacity of about
7,800MW;

Inadequate gas pipeline
infrastructure: The capacity of the
gas pipeline infrastructure is
insufficient to reliably meet the gas
demands of the existing power plants
operating at the full installed capacity;

Gas supply constraints and
Vandalism: Most of the gas supplied
to the power plants is on a “best
endeavour” basis. Vandalism of oil
and gas delivery infrastructure has
also shut down gas production which
resulting in another 1,000MW of

constrained generation in recent years.

This has been compounded by power
producers’ large payment arrears that

The experience of countries that were
courageous enough to travel the path
of reform is that of knowing that after
the corporatization of the companies,
unbundling, setting up the requisite
institutional and regulatory
environment and ultimately
privatization, the Government still
needed to provide its own part of the
funds that will sustain the sector.

With the current financial status of the
country, securing funding is becoming
more challenging and most of the
equipment of the power sector still
have to be imported.

It must be acknowledged that FGN is
making frantic efforts to provide soft
loans to the TCN and Discos.
However, this is for a limited scope
and time. The Sector needs a
sustainable means of funding!

it is unable to settle (total gas supply
indebtedness of power plants. As such
supply has been erratic and low
resulting in about 2,000MW of
constrained generation;

Infrastructure: Fuel Company (Fuel-
cos)

O Since the launch of the master plan in

2008, there has not been any
significant improvement in Gas supply
situation in the domestic market.

This could be attributed to:

v" Inadequate Gas production
facilities and supply
infrastructures.

v" Lack of commercial Gas
pricing framework.

v" Non-payment for gas
consumed by power plants.
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v" Lack of credit worthy off *  Maintenance issues: No
takers. maintenance culture, lack of

d t ts;
U Efforts should be intensified by Acequate Spate patts

Government to look into all the * (Grid Reliability issues;
challenges associated with Gas supply - .

to the domestic market especially the »  Stability of units;
above. *  Market issues: Non-payments

The issue of a cost reflective tariff in the for energy generated;

Nigeria Electricity Supply Industry should also «  Fuel (gas) supply interruption
be looked into. The price paid for electricity and quality issues;
consumed and the amount remitted by the o
Discos to the Market have direct relationship ° ?nadequate gas pipeline .
with the ability of the Gencos to pay fully and infrastructure and vandalism;
promptly for the Gas *  Poor Dispatch Strategy

*  Some of the key challenges of power (Economic Merit Order

generation are: Dispatch).
* Inadequate Generation * Infrastructure: Generation
Capacity; Companies (Gencos)
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PLANT
power Plant INSTALLED INHERENT EFFECTIVEAVAILABLE
s POWER PLANT CAPACITY | CONSTRAINED CAPACITY (MW)
yp (MW) CAPACITY
(MW)
MW %
HYDRO POWER |Kainji 760 280 440 57.89
PLANTS (HPP) Jebba 570 120 450 78.95
Shi
troro 600 0 600 100.00
SUB-Total HPP 1930 400 1490 78.95
Shell Afam VI 650 150 500 76.92
Okpai (Agip) 480 0 370 77.08
Azura 450 0 450 100.00
Olorunsogo (PAPALANTO) 335 31 304 90.75
Omotosho | 335 31 304 90.75
Ibom Power 190 75 115 60.53
THERMAL |Omoku 150 50 100 66.67
PLANTS Rivers IPP 180 20 160 88.89
Trans Amadi 136 51 75 55.15
Transcorp (Delta) 972 402 510 52.47
Egbin 1320 440 880 66.67
Sapele | 1020 900 120 11.76
Geregul 414 124 290 70.05
Afam [-[IV&V 977 872 150 15.35
SUB-TOTAL THERMAL 7,609 3,146 4,328 65.93
NIPP PLANTS Odukpani (Calabar] NIPP 560 110 450 80.36
Sapele -NIPP 450 225 225 50.00
Gbarain NIPP 225 112.5 1125 50.00
Alaoji NIPP 1074 240 22.35
576 (phase 1)

Geregu Il NIPP 435 145 290 66.67
Thovbor NIPP 450 112.5 337.5 75.00
Olorunsogo II NIPP 675 425 250 37.04
Omotosho II NIPP 450 90 360 80.00
SUB-TOTAL NIPP (MW) 4,319 1,220 2,265 57.68
NATIONAL TOTAL (MW) 13,858 4,766 8,083 67.52

Infrastructure: Generation Companies (Gencos)
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U The problem of incessant gas
supply to the gas power plants
across the Southern part of
Nigeria is a clear case in
point. Considering the fact that
we are still hovering around
5,000MW all these years, a lot
more needs to be done.

Q The Peak Actual Generation
ever attained is about 5,801MW
on 01/03/2021.

U Lack of effective Market
Contracts and Obligations is key
contributor to the Power
Generation problems.

U Poor Dispatch of power plants.

U DisCos’ Low Power Off-take/
Load Rejection behavior also
contributes immensely to Low
Generation Profile.

Infrastructure: Transmission Company Of
Nigeria (TCN)

The transmission network, a critical link
in the electricity value chain, under the
government ownership and control is in
dire need of attention;

Fragile Electricity Transmission System:
The network is weak, radial and lacks
redundancy facility. In the event of
significant increase in actual generation,
the transmission network would NOT
be capable of supporting such output;

Presently the state of the national
electricity transmission network
transformation capacity is at about
8,000MW but Transfer Capability is far
below. Beyond this value, the integrity
of the network will be threatened;

Extremely Poor Projects Management;
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There are at least 140 projects that are
ongoing presently across the 6
geopolitical zones of the country. These
projects include majorly, transmission
lines (330kV and 132kV), substations
s/s (330kV S/S, 132kV S/S and
330/132kV S/S). Others are Line Bays,
capacitor banks and rehabilitation
projects. Some of these Projects have
been lingering for years attracting huge
variations from the Contractors;

Payment for Right of Way acquisition
(RoW) - WAYLEAVE: This is a very
serious drain pipe for TCN. One cannot
image that some Wayleave
Compensation Payments are more than
the total cost of projects. This is
unacceptable!!!

Infrastructure: Transmission Company of
Nigeria (TCN)...2

More Challenges:

*  The contractual service
obligations are not maintained.
Contracts are unnecessarily
extended attracting Huge
Variations;

* Lack of adequate transmission
lines and sub-stations capacities;

*  Very weak [SO — Grossly Il1-
equipped to manage the Grid.
Inadequate Operational Tools
and Infrastructure;

*  Networks are not properly
operated within Statutory Limits
(Voltage and Frequency);

*  The right of way (RoW)
violations;

*  Congestion issues (available
transfer capability at some T&D
interface points);
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* The issue of coordination
between different partitions:
regional transmission
organizations (RTO) and
independent system operator
(ISO);

*  Poor Relay Protection
Coordination leading to
Reliability Issues;

* Frequent system outages
(Collapses);

*  Commercial Issues concerning
payments of wheeling charge.

Infrastructure: Distribution Companies
(Discos)

Poor Revenue Collection and Market
Remittances;

Inadequate Distribution Lines and
Transformation Capacities;

Poor Reticulation of Distribution
Networks;

Inadequate Feeders Metering &
Customers Metering;

Lack of AMI/AMR Infrastructure;
Low DisCos’ Load Off-take;

Load Rejection by DisCos;

Very high ATC&C Losses;
Constraints at the interfaces with
transmission and at various other points;

Poor Customers Complaints Handling by

DisCos.

Non-payment Of MDA Debts

At the time when the privatization
program had been worked out there was
a tacit agreement that the FGN would
put in place a mechanism for debts of
Ministries and agencies to be paid to the
companies. The Government even

issued a directive that the accountant
General would deduct the debts of
MDAs at source. The total MDASs debts
as of March this year is captured in the
table below:

As of today, this debt has increased to
over N93 Billion, including interest. No
mechanism has been put in place to
address this issue and has also
contributed to the financial crisis of the
Discos. Most of the debts are those of
military and security establishments and
experience has shown that collecting
revenue from these facilities to be a
daunting task.

Market/System Indiscipline

U Indiscipline is a very big challenge that

if not quickly addressed it will
strangulate the market. The two types of
indiscipline threatening the existence of
the market are:

v" Market transaction indiscipline
v Grid Operations Indiscipline

Poor remittances from the Discos to the
market and the more frequent system
collapses What we are experiencing are
the results of the two-indiscipline
mentioned above. The only way to deal
with these types of indiscipline are:

v' Effective contracts - in a
developed market.

v Effective Administrators —in a
developing market (SO/MO).

OPTIONS FOR IMPROVING for the
POWER SECTOR

There should be leadership and direction
on the Implementation of PSRP to
address sector liquidity challenges and
the following:
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v’ infrastructure constraints
associated with gas, generation,
transmission and distribution
limiting access and options to
safe and reliable electricity
services;

v'insufficient end user tariffs to
fund operating costs;

V' significant sector revenue
shortfalls and liquidity crisis
threatening viability of the
sector;

v’ ineffective contracts limiting
accountability of operators and
enforcement activities of the
Regulator (NERC); and

v' sector governance and
transparency challenges.

FMoP and NERC to ensure effective
coordination and regulation of the
Sector respectively;

Institutionalization of proper System
Planning to avoid Gold Plating of
Projects;

Removal of all T&D Interface
Bottlenecks within the shortest possible
time (Maximum of 2 years);

Development of a credible Merit Order
for effective and efficient Dispatch of
power;

Ensure independence of the System
Operator and adequate tooling;

Promotion of ‘New Markets’ — Mini-
grids, Franchising, Eligible Customer;

Provide cost reflective tariffs over a
reasonable period;

Ensure full settlement of Market
Invoices by the DisCos.
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Focus Areas...2

Gradual activation of Market Contracts
to enhance accountability, enforcement
actions and full payment for energy off-
take by the Discos;

Full payment for electricity Bills by
MDAs;

Rollout of other ‘New-Markets’
initiatives and facilitate implementation
of existing Regulations such as Eligible
Customer, Mini-Grid, IEDN, Embedded
Generation etc;

Strict compliance monitoring and
enforcement of Rules, Regulations,
Codes and Safety/Technical Standards
to address Grid Indiscipline;

Close Monitoring of the Implementation
of TCN SLA Interface Projects and
Performance Improvement Plans (PIPs)
by the Distribution Companies to
eliminate operational bottlenecks and
increase energy off-take (Inter-Agency
Teams should be encouraged);

Deduction at Source for all outstanding
MDA electricity Bills;

Generally enhance Compliance
Monitoring and Enforcement;

Diversification of Generation Mix
Options to ensure security of supply;

Partnerships with Universities/Research
Institutes to enhance Capacity
Development and address Industry
Challenges.

Focus Areas...3
Transmission COMPANY OF NIGERIA

(TCN)

Q Institutionalization of World Class
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Project Management in TCN to ensure
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Effective and efficient completion of
projects;

U Note that acquisition of Right of Way
(RoW) and Wayleave Compensation
Payment for transmission projects
constitute one of the most difficult
issues leading to serious corruption,
extremely high costs of projects and
delay in completion of projects also
leading to Variations. A surgical
operation should be carried out on the
management of Wayleave
Compensation Payments by TCN. It is
worthy of note that some of the
Wayleave compensations amount to
more that the total project costs. This
can only happen in Nigeria;

O There is need to expedite the completion
of all Transmission Projects between
now and 2023. I recommend
renegotiation of all outstanding
Contracts with a view to reducing the
costs and payment for outstanding
works. This was done in the past;

O Appointment of Board for TCN is
imperative;

U Funding of Transmission Projects
through Government Interventions,
Private Sector participation and the use
of NIPP power plants sales proceeds;

O Fast track the implementation of a new
Independent System Operator (ISO)
structure that is autonomous from TCN;

U Siemens Intervention Projects should be
expedited.

Focus Areas ...4
Creation of New Markets, Technologies and
ENHANCE private sector participation

There should be traction on activities involving
measurements, monitoring and verification,

development of new regulations to open up the
market space for more private sector
participants to engender competition, improve
power supply and access to electricity, ensure
full metering of customers, improve reliability of
supply, improve market liquidity, improve
market discipline, controlled licensing process,
etc.

Conclusion

O Solving Energy Challenges in Nigeria is
solving about 50% of the Nation’s
Problems:

v" Promoting Job creation and
empowerment for the teeming
youths.

Addressing Security Challenges.

Promotion of energy for
economic development in the
North which will promote
support for emerging economies
in water supply, access to
school, access to health, access
to roads and improved
manufacturing capacity, ICT,
transportation, agriculture etc.

U The socio-economic development of this
great nation depends on a large extent,
on the functionality of the Market.
Therefore, all hands must be on deck to
ensure that the challenges identified and
recommendations made are looked into
with a view to addressing and
implementing them, for the Growth and
Development of the Market in Nigeria
and with clear Agenda to also empower
the Northern Nigeria.

U Note the commendable successes
recorded by this administration in the
Power Sector is in serious jeopardy
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except urgent actions are taken to
address major lingering challenges.

Note from the resolve of the present
Administration, it is evident that the
Policy thrust is to ensure that Nigeria
has an electricity supply industry that
can meet the needs of its citizens in the
21st century; and to modernize, expand
electricity coverage to support national
economic and social development.
However, to achieve this noble
objective, certain anomalies in the
Sector as highlighted in this presentation
must be corrected immediately.
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CHARACTERIZATION OF MAIGANGA, GOMBE COAL
Kiman Silas?, Hyelachidari Abdu Hassan® and Habiba D. Mohammed?

aDepartment of Chemical Engineering, University of Maiduguri, Maiduguri, Borno State.

ABSTRACT:

To readily attract prospective investors, it is pertinent to readily make available the properties of
Nigerian’s coals that are critical. The physicochemical properties and functional group analysis
of the Maiganga coal of Gombe State were investigated. The moisture content of 5.8%, ash content
8%, volatile matter 43.91%, fixed carbon 42.16%, sulphur content 0.134% and calorific value
5179.80 (kcal/kg) were found. The volatile matter was greater than 31 wt.% typically classified as
Sub-Bituminous B coal. The caloric value of 5179.80 (kcal/kg), Ash content of 8.0%, Carbon
(69.486 %) and hydrogen (5.22249 %) are the major combustible constituents of coal, and both
of them are high in the coal sample. The organic compounds having oxygen functional groups
found in the coal include phenols, alcohols and carboxylic acid. Properties of the Maiganga coal
is best suited for cement and power electricity production due to its low-rank coal (LRC)
categorization.

Keywords: Maiganga coal, physicochemical properties, functional groups analysis, power
generation

1. INTRODUCTION converted into lignite, sub-bituminous coal,
Power generation in any country is very essential bituminous coal, and lastly anthracite (Meshram
to its economic grow (Adeojo and Osinibi, 2016). et al., 2015). Coal consists of combustible
Although generation of energy from coal is substance that are both organic and inorganic
accompanied by the emission of greenhouse compounds or elements which make it a major
gases, the development of clean coal technologies energy source worldwide. Coal contains mostly
has helped to reduce this emission (Alhassan et carbon (C), but it also has hydrogen (H), oxygen
al., 2020). Coal, as a solid fuel is composed (O), sulfur (S) and nitrogen (N), as well as some
primarily of carbon along with variable quantities inorganic constituents (minerals) and water
of other elements, chiefly hydrogen, sulphur, (H20) (Ryemshak et al., 2016).

oxygen, nitrogen as well as trace amounts of other

elements, including mineral matter (Ryemshak et In the five major coal ranks (from peat to
al., 2016). It is a formation process that is both anthracite), organic constituents such as carbon,
biological and geological in nature, which take hydrogen and oxygen are rank dependent
place over a long period of time where dead plant variables but the major inorganic elements
matter is converted into peat, and in turn (nitrogen and sulphur) contents depend on
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chemistry of the area of occurrence and
precursory plant of the coal (Jankovi¢ et al.,
2020; Kamble et al., 2019). All these inorganic
compounds affect the efficiency of the blast
furnace as well as other boilers, and so choice of
low content inorganic coal is very crucial for fuel
making. Since the discovery of petroleum in
Nigeria, the use of coal for electricity generation,
cooking, heating up houses in the cold period to
create warmth, etc., has been neglected in spite of
its abundance in the country (Oyedepo, 2014).
This resulted to constant failure in power
supplies, political and economic instability due to
insufficiency and increase in price of petroleum
product (Olujobi et al., 2021). Therefore, against
the backdrop of abundant proven reserves of coal,
analyses of coal properties for their suitability in
power generation can significantly contribute to
Nigeria’s energy mix. To readily attract
prospective investors, it is pertinent to readily
make available the properties of Nigerian’s coals
that are critical for electricity generation. There
are only a few experimental investigations on the
combustion profile of Nigerian coals and
investigating their slagging potentials are even

2016). An

understanding of the characterization and ash

rarer (Musa et al, in-depth

chemistry of the Nigerian coals is necessary in
order to assess indigenous coal combustion
also to avail and

efficiency, engineers

policymakers with the comprehensive data
required to effectively develop and strategically

implement plans for future power plants and or
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the industrial applications of coal resources in
Nigeria. The main objective of the study is to
characterize the Maiganga, Gombe coal by
proximate analysis, ultimate analysis and FTIR
analyses and recommend its suitability as solid

fuel for combustion in power generation.

2. MATERIALS AND METHODS

2.1 Coal samples preparation

The coal sample was obtained from Garin
Maiganga located within the Gombe Formation
in Maiganga village, Akko local government area
of Gombe state, Nigeria. All samples were
initially crushed and pulverized. The coal
samples were sieved to a particle size of 150
micrometer in preparation for further analysis.
The coal sample is prepared using both the
mechanical and manual methods so as to meet the
desired analytical specifications using an array of
sample preparation equipment. Crushing of the
samples from a top-size of about 500 - 600mm, to
a suitable size distribution range of 30.5 — 100mm
was carried out manually through the use of
hammer. A pulveriser was then used to prepare
samples from a top size of 6mm down to a
suitable size distribution range of 150 — 250um.
An automatic sieve shaker, was used for sieving
the samples to the desired size distribution

required for each test.

2.2
2.1.1

Proximate and Ultimate Analysis

Moisture content
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The air-oven method was used to analyze for
moisture content. Coal samples passing a 212um
test sieve was stored in the proximate analysis
room for 30 minutes before the start of the test.
Crucibles with lids were heated for 1.5 hours
before the start of the test. The crucibles and lids
were cooled for 10 minutes and then put in a
desiccator cabinet for 10 minutes. An electronic
balance was then used to weigh the crucibles
before uniformly spreading 1.000g of
conditioned sample and recording the mass of the
crucibles and contents. The crucibles and
contents were then loaded into the air oven at a
temperature of 105°C for 1.5 hours, and such that
the atmosphere or flow within the oven was
changed at a rate five times per hour. This was as
specified in ASTM D3173.

2.1.2  Volatile matter

Coal samples passing a test sieve with an aperture
of 212um was stored in the proximate analysis
room for at least 30 minutes before
commencement of the test. The crucibles and lids
(crucibles uncovered) were placed in the volatile
furnace. When the furnace attained a temperature
0f 905 °C, the crucible and lids were removed and
allowed to cool for 60 minutes to room
temperature. 1.000g of coal samples were put into
each crucible. Each crucible was lightly tapped
on a clean hard surface a few times to form an
even layer on the bottom.

2.2.3 Ash content

Ash is simply the non-combustible inorganic

residue which remains after coal is completely
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burned. Coal samples passing a test sieve with an
aperture of 212um sieve size was stored in the
proximate analysis room for 30 minutes before
the test commenced. After the crucibles and lids
were conditioned in the furnace and allowed to
cool to room temperature, 1.000g of coal samples
were placed into each crucible. The crucibles
were loaded into the furnace equipped with a
preprogrammed temperature controller. The
furnace temperature was ramped to 500°C over a
period of 60 minutes; held at 500°C for 30
minutes; ramped to 815°C over a period of 60
minutes; and held at 815°C for 60minutes. The
temperature was verified with an external type-K
thermocouple when the furnace stabilized at
815°C. This was in accordance with the ISO
1171:1997.

2.2.4 Fixed carbon

The fixed carbon content can be calculated from
the expression; this was calculated from the
formula: %Fixed Carbon= 100 — (%Moisture+
%Ash+ %Volatile matter. % of carbon — (%
moisture + % Ash + volatile matter) (1)
2.3 Ultimate Analysis

Coal passing through a sieve having an aperture
of 212um was used for this analysis. Ultimate
analysis was carried out making use of the
TRUSPEC CHN FElemental determinator. The
equipment was supplied with a reference material
with known ultimate analysis result. This
reference material (Prox-Plus) was used to

determine the accuracy of the CHN Elemental

determinator before commencing the tests. 1.0g
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of sample was loaded into porous crucibles and
subjected to combustion in an oxygen-rich
environment. Typical run duration was about 10
minutes. The system converts the coal
catalytically to Nitrogen, CO, and water, which
are separated with a gas chromatographic column
and detected through a sensor. The results were

displayed on the computer monitor in terms of

percentage carbon, hydrogen and nitrogen on an
air-dried basis. This was based on ISO 12902 —

CHN instrumental method. Oxygen was

calculated by difference on an air-dried basis as

follows:

0; (%) =100 — (C + H2+ N, + Ash + Moisture)
()

2.4 Fourier Transform Infra-Red

Spectroscopy (FTIR) Characterization

The FTIR analysis was carried out on a Perkin
Elmer 100 series, Universal ATR accessory
spectroscopy. This is for the purpose of
identification and comparison of the functional
groups present in each sample. Samples were
oven dried at a temperature of 100 °C and crushed

with mortar and pestle before analysis.

3. RESULTS AND DISCUSSION

Results of the analyses conducted on the
Maiganga coal in order to determine its properties
using the proximate and ultimate analyses are
presented.

3.1 Proximate Analysis Result
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Results of the proximate analyses were used to
establish the rank of coal and show the ratio of
combustible to incombustible constituents. The
proximate analysis of the test samples was carried
out in accordance with the ASTM D 3172-73(84)
standard. The results of the proximate analysis of

the Maiganga coal is shown in Table 3.1.

Based on the results of proximate analysis of the
Maiganga coal sample, the moisture content is
5.8%, ash content is 8%, volatile matter is
43.91%, fixed carbon is 42.16%, sulphur content
is 0.134% and calorific value is 5179.80
(kcal’kg). Moisture content is a significant
parameter of coal since all coals are mined wet.
Chemically and physically bound water can
contribute to total moisture. The moisture content
decreases with maturity and ranking of coal due
to the decrease of porosity (Wang et al., 2020).
Musa et al., (2016) reported the Maiganga coal
moisture content of 5.17%. The moisture content
of below 10% for coal sample is within the
acceptable limits for electric power generation
(Nyakuma et al., 2021). Low moisture content is
an indication that the coal is of a high rank and
good quality, possibly the rank of bituminous
grade whose content also represents a significant
improvement in coal’s quality because moisture
affects the calorific value, the concentration of
other constituents, decreases system capacity and
increases operational cost. Based on its fuel
properties, the coal can be classified as a Sub-

Bituminous B, the results indicate that the coal is
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potentially suitable for future utilization in works of Nyakuma and Aliyu, (2016), Nyakuma,
electric power generation and the manufacture of (2015) and Nyakuma, (2012).

cement and steel. These finding are similar to the
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Table 3.1: Results of proximate Analyses of the Maiganga coal samples.

% Proximate Analysis Maiganga Coal
Moisture content 5.80

Ash content 8.00

Volatile matter 4391

Fixed carbon 42.16

Sulphur content 0.134

It has been reported that, coal samples with
volatile matter (VM) greater than 31 wt.% are
typically classified according to calorific or
higher heating value (Nyakuma, 2012). Hence,
on the basis of this result, Maiganga coal could be
identified as Sub-Bituminous B coal and is best
suited for cement and power electricity
production due to its low-rank coal (LRC)
categorization and could be suitable for electrical
power generation on account of its minimum
calorific value of 3,500.00 cal/g (Ryemshak and
Jauro, 2013). In the light of the foregoing
findings, and report of studies conducted by

Nyakuma and Aliyu, (2016), Maiganga coal

sample may be suitable for power generation
since its caloric value is 5179.80 (kcal/kg).

3.2 Ultimate Analysis Result

Ultimate (i.e., elemental) analysis is dependent
on quantitative analysis of various major
elements present in the coal. It is essential to
know the elemental composition of solid fuel in
order to determine its rank as well as grade for
evaluation of its suitable application as a
chemical feedstock or as a fuel in power
generation. The elemental composition of carbon,
hydrogen, nitrogen, sulphur and oxygen in the

coal samples are shown in Table 3.2.

Table 3.2: Ultimate Analysis of Maiganga coal sample.

Element Elemental composition (%)
Carbon 69.486

Hydrogen 5.22249

Oxygen 10.5693

Nitrogen 1.2218
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Sulphur

0.1340

The result revealed high proportions of the
C (69.486 %) and
hydrogen, H (5.22249 %). Carbon and

elements; Carbon,

hydrogen are the major combustible
constituents of coal, and both of them are
high in the coal samples. The higher the
carbon content, the higher the calorific value
and the better the quality of the coal for
power generation (Chukwu et al., 2016). The

Odagbo coal sample with carbon (62.18%)

and hydrogen (5.87%) were reported to have
high carbon and hydrogen contents (Chukwu
et al., 2016). Oxygen content in the samples
is 10.5693%, the high content of oxygen is
characteristic of low rank coals, while the
decreased concentration is typical of low
rank coals. More oxygen a coal contains the
easier it to burn to ignite (Rasheed et al.,
2015). Table 3.3 shows the variation of

selected coal properties with coal rank.

Table 3.3: The variation of selected coal properties with coal rank (Rasheed et al., 2015).

L

£ *

e Low Rank High Rank
Rank: Lignite Sub-hituminous Bituminous Anthracite
Ager Increase
s Carbon: 65-T2 72-76 T6-90 H)-95
% Hyvdrogen: -5 decreases 2
¥ Nitrogen: " -1-2 ?
Y Divgen: ~—— eSS — e ~1
o Sulphur: e N (L LT - B L e |
o Water: T0-30 30-10 10-5 ~5
"::;tluligl;:;lm ~T000 ~ 10,000 12, 000-15,000 ~15 000
The increased content of hydrogen (i.e this element are commonly more typical of

5.22249%) is normally more characteristic of low
rank coal while the decreased values are
commonly more typical of higher-rank coals as
shown in Table 3.3. The increased contents of
Nitrogen are normally more characteristic of

higher-rank coals, while the decreased values of
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lignites, while the increased content of Sulphur is
more characteristic of lignites (Rasheed et al.,
2015). Nitrogen content of almost all coals is in
the range of 1 — 2% (Nyakuma, 2015). In this
study, the Nitrogen content is 1.2218% which is

fair enough as it falls within the reported range.
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3.3 Functional Groups Result

The FTIR method, being able to reveal carbo-
hydrogenated structures (aromatic and aliphatic)
and heteroatomic functions (mainly oxygenated),
as well as to detect the presence of minerals, is
currently one of the most powerful techniques for
coal characterization and thus is of paramount

importance in the various utilization procedures

of coal (Balachandran, 2014; Manoj, 2016;
Manoj and Elcey, 2015). FTIR spectra may be

2021_04_12_1155_54_586_irn spc: 422021 11:55:54 e

used for the identification of minerals associated
in the coal structures also, the functional groups

of coal and its derived products provide an insight

into the structure of coal (Manoj and Elcey,
2015). A typical FTIR study on coal was reported
by Odeh, (2015). However, the quantity of
different functional groups on the FTIR spectra in
the 4000-1000 cm™' band of the raw coal is

presented in Figure 3.1.
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Figure 3.1: Functional groups on the FTIR spectra in the 3800-1000 cm ™' band of the raw coal.

The peak positions on the spectra illustrates the

presence of a certain functional group with the
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positions and its vibration forms.

Table 3.4: Functional groups in 3800—1000 cm ™' and its vibration form.

Peak position (cm™")

Functional groups

Vibration form

Reference

3800-3200

3600

1770-1720
1715-1690
1690-1660
1605-1595
14801465

1460-1435

1410-1310
1385-1370
1338-1260
1250- 1000

1160-1120
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—OH and—NH

O—H groups

Aliphatic anhydride C=0

COOH
Quinone C= 0O

Benzene ring C= C

—CH;
—CHs
O—H groups
—CHs
Ar—O—C
Si— O
C—0—-C
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Stretching vibrations

Stretching vibrations

Stretching
Stretching
Stretching
Stretching

Antisymmetric
deformation

Antisymmetric
deformation

Stretching vibrations
Symmetrical bending
Stretching

Bending vibration

Stretching

Mﬂ A

(Lin et al., 2019;
Sonibare et al.,
2010)

(Lin et al., 2019;
Sonibare et al.,
2010)

(Lin et al., 2019)
(Lin et al., 2019)
(Lin et al., 2019)
(Lin ef al., 2019)
(Lin et al., 2019)

(Lin et al., 2019)

(Lin et al., 2019)
(Lin et al., 2019)

(Manoj and Elcey,
2015)

(Lin et al., 2019)
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900-700 Aromatic —CH

690 C—S

out of plane structure. (Manoj, 2016;
Manoj and Elcey,
2015)

(Saikia et al., 2007)

The organic compounds having oxygen
functional groups found in coal include phenols,
alcohols and carboxylic acid also, the —OH
groups in raw coal could also be associated with
either clay minerals such as kaoline, quartz, illite,
montmorillonite, halloysite containing
absorbed/interlayer water/structural OH groups
or other minerals containing water of
crystallization such as gypsum, rozenite,
mirabilite, etc (Manoj, 2016; Saikia et al., 2007,
Sonibare et al., 2010). Hence, the FTIR result of
the Maiganga coal revealed, it contained either
clay minerals, or other minerals containing water

of crystallization.

4. CONCLUSION

Rank and type of coal are fundamental factors
that control coal characteristics. This includes;
the cooking properties and suitability for
application for power generation. The results of
proximate analysis of the Maiganga coal samples,
showing the moisture content (5.8%), ash content
(8%), volatile matter (43.91%), fixed carbon
(42.16%), sulphur content (0.134%) and calorific
value (5179.80 kcal/kg) reveal the potential of the
coal samples in engineering application.
Consequently, coals with volatile matter (VM)
greater than 31 wt.% are typically classified is as

Sub-Bituminous B coal and is best suited for
cement and power electricity production due to
its low-rank coal (LRC) categorization. From the
FTIR result, the coal sample is known to have
appreciable amount of clay minerals or other
minerals containing water of crystallization with
the caloric value of 5179.80 (kcal/kg). The
properties of the Maiganga coal exhibited high
proportions of combustible chemical elements for
thermal energy utilization and non-coking

application.
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ABSTRACT

Globally the power sector is faced with critical challenge of increased power demand as a result of
exponential growth of world population; thus, the need to search for alternative energy sources is
paramount. Despite the continuing rapid growth in renewable energy sources, a variety of different
technologies and fuels including hybridized energy systems are likely to be required. This study presents
economic dispatch of committed Photovoltaic (PV), Micro-Pumped Hydro Energy Storage (MPHES) and
Diesel Generator (DG) to minimize the total operating cost in the electricity supply of the University of Jos
subject to optimal constraints using Firefly Algorithm (FFA). It is expected that the operational cost of
power supply for the institution would be minimized.

Keywords: Committed, Economic Dispatch, Firefly Algorithm, Hybridised, Optimal, Renewable

1. INTRODUCTION

With the prevailing global economic challenges,
the Engineer is faced with the challenge of
ensuring that the cost of production is at its
minimum, and this can be achieved by
minimizing operating cost, or the production cost
(raw materials or input cost). To achieve the task
of minimizing production cost via power supply
operation Economic load dispatch (ELD) which
is the process in which power supply systems are
coordinated such that the lowest operating cost
generators are used for more hours while the
highest operating cost generators are used for less
hours.

According to Saxena (2014) Economic load

dispatch problem is actually a constrained
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problem and engineers have come up with several
principles and methods towards solving these
problems. ELD has become a significant function
in operation and control of power system.

Economic load dispatch problems can be solved
deterministic ~ optimization

using  several

approaches including linear programming,
gradient method, lamda iteration method, non-
linear programming etc. unfortunately these
methods require lots of efforts in terms of
computation. As a result of the complexities of
computing using deterministic methods, artificial
intelligence methods have been developed to find
optimal solutions among which are; evolutionary
programming, artificial bee colony, particle
swarm optimization, genetic algorithm, bacterial
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foraging and sometimes hybrid method like Bio-
inspired meta-heuristic algorithm etc.
For this work firefly algorithm (FFA) which is

also an artificial intelligence method is used.

2. LITERATURE REVIEW

2.1 Hybrid systems

Hybrid systems, as the name implies, combine
two or more modes of electricity generation
together, usually using renewable technologies
such as solar photovoltaic (PV), wind turbines
and pumped storage hydropower e.t.c. Hybrid
systems provide a high level of energy security
through the mix of generation options, and often
will incorporate a storage system (battery, fuel
cell) or small fossil fueled generator to ensure

maximum supply reliability and security.

Udayakanthi (2015), in his study gave an insight
into the energy situation and renewable energy
potential of Sri Lanka. It was identified that Sri
Lanka has economically feasible power
generation potential of wind and solar energy.
Southern part of southern coastal belt and western
coastal belt are very suitable for utility scale wind
and solar power generation. Using HOMER
simulation software a grid tied wind-solar hybrid
power generation system was modeled for a
selected location in the Kirinda area of Sri Lanka,
located on the southern coastal belt near
Hambantota. Through the simulation process,
installation of 8 numbers of 850kW wind turbines

and IMW solar PV array was identified as
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economically most feasible design to supply
average 3MW load connected to grid where

payback period of the design is 3.4 years.

Ceran et al. (2016) worked on an the supply and
economical analysis of a hybrid power generation
system (HPGS) which utilizes photovoltaic
modules, wind turbines, fuel cells and an
electrolyzer with hydrogen tank working as the
energy storage. It was discovered that the cost of
energy generated from the configurations was
more economical with the Photovoltaic Modules.
The price can be very beneficial and suitable for

long-term investments particularly with partial

governmental support.

Mehang et al. (2016) performed a study on the
potential of renewable energy to improve the
electricity supply duration in the Ngadu Ngala
sub-district, Sumba Island, Indonesia to prolong
the supply duration from 6 hours to 24 hours
daily. They used three alternatives of system
configuration; no supply shortage was found
based on the simulation performed by HOMER
software. According to the analyses, the hybrid
diesel generator-PV system would likely be the
most suitable for the observed area considering
technical as well as economic point of view, for
the long run. The analyses result also revealed the
comparative benefits of hybrid diesel generator-
PV system over the existing system in terms of
the cost of energy and the penetration rate. The

use of a hybrid system that would use the diesel
(NSE) November 2021
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generator as a back-up may give a better cost per

kWh considering the increasing cost of diesel.

Yang et al.(2016)proposed a wind-solar-gas
complementary energy power generation system
based on micro-turbine hybrid, and calculated the
performance parameters of wind power,
photovoltaic power and gas turbine power
generation according to the corresponding
affecting parameters, the results showed that: The
established complementary energy power
generation system achieved the purpose of power
complementary of regional electricity net; the
capacity factors of wind power, photovoltaic and
gas turbine power generation were approximately
equal to 1, and provided a theoretical basis for
technical analysis and economic analysis to

realize regional power grid.

Chadel et al. (2017) undertook a study on a
method to determine the size and optimization of
a photovoltaic — wind hybrid system for medium
power. They presented a comparative study of
two sizing methods of hybrid PV/wind power
systems, in order to choose the method which has
the best reliability with an optimal cost to avoid
under sizing or over sizing of the system. The
results showed that the use of a wind system as a
back-up system with a photovoltaic system
increased the cost of the hybrid system for the site
of Tlemcen and there was a favorable economic
trend for the photovoltaic system to use on wind

energy, because solar energy dominates wind
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energy to the site of Tlemcen. Using wind as a
back is not a good choice since weather
conditions could affect both solar and wind in

certain time resulting into poor power supply.

Jiang et al. (2018) undertook a study on
sensitivity analysis and Bayesian prediction
(SABP) method for the optimized design of
hybrid photo-voltaic wind energy system. They
used the actual data to analyze and compare the
main, optimized and desired scenarios of hybrid
energy systems (HES) designs. The results
showed that optimized design can minimize the
cost of the energy generated while reliably
matching local electricity demand. The
sensitivity analysis and Bayesian prediction
system helped to eliminate the dependence on
traditional energy resources, reduced transition
costs by purchasing electricity and decreased the
high cost of energy of the city. The work did not
consider a back up for the hybrid system which is

essential for stable power supply.

Opara et al. (2018), evaluated various micro-grid
models which included solar PV, micro hydro
turbine, wind turbine, diesel generator, battery
and converter models to ascertain the most
suitable model for the Federal University of
Technology Owerri Campus environment, it was
discovered that the most feasible option for
providing power to the student’s hostel was the

micro hydro power plant from Otamiri. It showed
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that it was both economically and technically

viable and

being a clean source of electrical power and
would pose no environmental challenge and will
equally save cost of diesel being used to back-up
power to utility supply. The micro hydro power
may not meet up with the power demand during
dry season, an addition of PV or wind may help

provide a stable power throughout the year.

Ceran et al. (2019) presented an analysis of unit
cost of electricity generation in hybrid power
generation system (HPGS). The analyzed hybrid
system consisted of wind power, photovoltaic
panels and energy storage electrolyzer — fuel cell.
The analysis was carried out for the six variants.
Variant I — the source of electricity in the hybrid
system is wind, variants II, III, IV, V — electricity
is generated by wind turbines and solar panels,
variant VI — the source of electricity in the hybrid
system is only photovoltaic installation. For all
the cases, the price of one kilowatt-hour in a
hybrid system is almost two and a half times
higher than the average energy price currently
borne by municipal recipients. The currently
analyzed hybrid system can only be used in
situations where costs do not play a role, i.e.,
military applications or pilot installations for
research purposes. The work cannot be used for
the generality of the consumers of electricity. The
addition of a pumped storage hydropower system

may give a better result and reduce cost per kWh.
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Nengroo

et al. (2019) proposed an optimized strategy for
a hybrid photovoltaic (PV) and battery storage
system (BSS) connected to a low-voltage grid. In
the study, a cost function was formulated to
minimize the net cost of electricity purchased
from the grid. The charging and discharging of
the battery were operated optimally to minimize
the defined cost function. Half-hourly electricity
consumer load data and solar irradiance data
collected from the United Kingdom (UK) for a
whole year were utilized in the proposed
methodology. Five cases were discussed for a
comparative cost analysis of the electricity
imported and exported. The proposed scheme
provided a techno-economic analysis of the
combination of a BSS with a low-voltage grid,
benefitting from the feed-in tariff (FIT) scheme.
The electricity cost could be reduced if an
addition renewable energy system is integrated to
the network.

2.2 Economic load dispatch (ELD)

The main aim of the power utilities is to provide
electrical energy to the consumers with an
assurance of minimum cost of generation. Hence
in order to achieve economic operation of system,
total demand must be appropriately shared among
all the generators. Economic load dispatch is one
of the major and challenging issues in power
system. It is mainly an optimization problem with
a goal of obtaining generation with a minimum

cost along with the satisfaction of the constraints.
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According to Panigrahi et al. (2015) the new
meta-heuristic and swarm-based firefly algorithm
was a very effective and powerful technique and
was used for the optimization of the cost of
economic load dispatch problem. It is a simple
method and is easy to implement. In their work,
they demonstrated and tested the algorithm to
optimize the problem of minimization of cost
function. Firefly algorithm proved itself to be
efficient in cost minimization of thermal
generators and thus a strong tool for economic
load dispatch.

Attai (2015) investigated a PSO based economic
load dispatch on two sample networks (a 6-bus
IEEE test system and 31-bus Nigerian grid
system).The results showed that PSO can
minimize total production cost and also compute
transmission losses. The penetration of renewable
posed a major challenge to power utility’s
planning and operations as a result of their
intermittence and uncertainty nature. Therefore,
further ELD research should emphasize on larger
networks with renewable penetration in power
systems.

Farsadi et al. (2015) solved the economic
dispatch problem in a distribution network
between the grid, diesel electric generators, and
wind turbines. The scenario tree method to solve
the economic dispatch problem was used. Their
power probabilities were calculated by using their
cost functions. Powers injected by diesel

generators and wind turbines reduced the power

request of the grid and the cost of electricity
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consumption. In addition, wind turbines and
diesel electric generators were placed near the
consumers, which resulted into reduced line
losses. Modeling and simulation of diesel electric
generators and wind turbines in the 33 ADN
distribution network and a local distribution
network was performed. The Weibull probability

distribution function was used to determine the

wind speed of wind turbines.

Ma et al (2015) proposed a dynamic economic
dispatch and control method to minimize the
for a stand-alone

overall generating cost

microgrid in DongAo Island, which was
integrated with wind turbine generator, solar PV,
diesel generator, battery storage, the seawater
desalination system and the conventional loads.
A new dispatching strategy was presented based
on the ranking of component generation costs and
two different control modes, in which diesel
generator and battery storage acted alternately as
the master power source to follow system power
fluctuation. The optimal models and GA-based
optimization process were given to minimize the
overall system generating cost subject to the
corresponding constraints and the proposed
dispatch strategy. The effectiveness of the
proposed method was verified in the stand-alone
microgrid in DongAo Island, and the results
provided a feasible theoretical and technical basis
for optimal energy management and operation

control of stand-alone microgrid.
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Obaro et al. (2018) used two energy dispatch

strategies which included mixed integer
nonlinear programming (MINLP) and the
proposed combined dispatch strategy was

considered in the optimization of hybrid power
system to minimize daily operating cost of
decentralized hybrid power system (DHPS). The
Minimum operation efficiency of DG was
proposed using Quasi-Newton method in order to
optimize operational and maintenance costs. The
excessive DGs  on/off control  which
characterized previous works were normalized.
The results obtained showed that the DHPS can
significantly minimize daily fuel consumption
cost as well as improve supply reliability when
compared to DG-single system using both
strategies. The result further showed that both the
combined dispatch strategy and the MINLP
optimization techniques brought about a
significant daily operation cost reductions as well
as reduce DG’s operation duration compared to
the single DG system. The efficacy of the
combined dispatch strategy further demonstrated
that an improvement of approximately 15.1% and
37.14% savings in daily operational cost was
achieved using the dynamic household and
community daily load demands respectively over
the MINLP optimization technique. It was
recommended that the system’s life cycle cost be
analyzed to determine the overall power system
cost. In the studies, the dispatch techniques

presented immensely benefited system engineers

in the integration of DHPS, as a solution to reduce
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over-dependence on the conventional power
system, minimize operation cost and improve

supply reliability.

Ivanova and Pasechnikov (2019) carried out a
study on construction of a solar-diesel power
plant to the consumers of the village of Nerkha in
the Nizhneudinsk Area of the Irkutsk Region. The
schedules of the calculated power generation by
the photovoltaic modules on the basis of the data
of the local meteorological station were
compared with the actual consumption schedule.
The actual data of power generation by the diesel
power plant and photovoltaic modules for five
months of operation were presented. The
calculated and actual indices were compared. The
comparative analysis of the calculated data from
the study and the actual data on solar-diesel

power plant operation in the village of Nerkha of

the  Nizhneudinsk  Area  revealed the
comparability of indices.
According to the data of the study, the

photovoltaic modules were planned to generate
65.7 thousand kWh of power for the period from
December through April, in practice their
generation was estimated at 45.13 thousand kWh.
The economic effect for 5 months amounted to
4,045,032 Naira owing to the substitution of 14.2

tons of diesel fuel.

Sarker et al. (2019) demonstrated a novel

stochastic ~ optimization approach  named

gravitational search algorithm (GSA) to solve the
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convex and non-convex economic load dispatch
(ELD) problems that was with and without valve
point loading effects and transmission loss. GSA
optimization technique was applied to solve ELD
problems for test systems having 3, 5 and 6-units.
The obtained results of the proposed GSA
method was compared and found better result in
comparison with conventional optimization
technique as well as recently published papers.
This  comparison results revealed the
effectiveness, robustness, high quality solution,
feasibility, stable convergence characteristics and
good computation efficiency of the proposed
GSA technique.

Vallem and Kumar (2020) Integration of

renewable energy sources provide energy
security, substantial cost savings, and reduction
in greenhouse gas emissions, enabling nation to
meet emission targets. Microgrid energy
management (MGEM) is a challenging task for
microgrid operator (MGO) for optimal energy
utilization with penetration of renewable energy
sources, energy storage devices, and demand
response. In their work, optimal energy dispatch

strategy was established for grid-connected and

stand-alone = microgrids  integrated = with
photovoltaic, wind  turbine, fuel cell,
microturbine, diesel generator, and battery

storage system. Techno-economic benefits were
demonstrated for the hybrid power system

considering uncertainty of load and generation.
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So far, MGEM problem had been addressed with
the aim of minimizing operating cost only.
However, the issues of power losses and
emission-related objectives needed to be
addressed for effective MGEM. In the work,
MGEM was formulated as mixed-integer linear
programming, and a new multi-objective solution
was proposed for MGEM. Demand response was
also included in the optimization problem to
demonstrate its

impact on optimal energy

dispatch and techno-commercial benefits.
Simulation results were obtained for the optimal
capacity of each component,
charging/discharging scheduling, state of charge,
power import from main grid, net present cost,
cost of energy, initial cost, operational cost, fuel
cost, and cost of emissions taking care of seasonal
load variation throughout the year. Simulation
results obtained with the proposed method had
been compared with various evolutionary

algorithms to verify its effectiveness.

3. OBJECTIVE

The main objective of this work is providing a
stable uninterrupted power supply to the 11 kV
dedicated feeder of the University of Jos. This
requires that the economic operation of the
system and the total demand on the feeder must
be shared among the units to ensure no excess
power is realised. Renewable energy sources

have been included to share load with
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the diesel generating units and the public power
supply to reduce load from the two sources. The

major constrain is electricity production cost

minimisation.

Solar PV
Distribution
Company

Grid

=,

.

For this work the supply architecture as shown in
Figure 1, it is made up of the Solar PV, Micro-
pumped hydro energy storage, diesel generators

and supply from the distribution company grid.

Pumped Hyvdro Energy Storage

Diesel Generator

|

Load

Figure.l. Hybrid Energy System

4. Economic Load Dispatch

The economic load dispatch problem is an
important aspect in deciding the allocation of the
generation of the generating units. In this work
we assume that micro-pumped hydro energy
storage system and the Solar PV are near the

centre so neglecting the transmission losses by
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the power generated from the renewable sources
and the diesel generation sources are also
considered to have no transmission losses. The
cost function includes the operating cost of the
diesel generating units, micro-pumped hydro
energy storage system and PV plants and penalty

cost due to imbalance between the actual and the
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scheduled power outputs of the micro-pumped
hydro energy storage power and the PV plants.
The weighted cost method is considered in the
formulation.

The objective function of the ELD problem with

the renewable sources can be described as;

fs

M
Minimise F, = Z oc {Pgi) + Z oc (PPH_F] +
1 i=1

=

Subject to
N M £
Po+PL— ) Pyi— ) Poyy— ) Poyx = 0
i—1 j=1 k=1
T YO
Tﬂm[u < h M hmu:t. (:ﬁ
0 < Ppy; < PR
4)
0T i Z ot (2)

The first term of equation (1) is the operating cost

UC{PQ[]’

of the diesel generating units second

term is the operating cost of the micro-pumped

hydro storage system':'I C(Ppy; ], and the last term

is the operating cost of the PV system

OC(Peyx)-

minimum and maximum limits of the i diesel

PI"I"I-I.'-L\.'

m_in. i
Also” gt and “ g are the

generating units, Pj and PPHr are the scheduled
and rated power generation of the j™ micro-

pumped storage, similarly Prvx and Peyri are
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the scheduled rated power generation of the k™

solar system.

5. CONCEPT OF
OPTIMIZATION

FIREFLY
According to Balachennaiah et al. (2015)
Fireflies use flash signals to attract other fireflies
for potential mates. Based on this behavior a
meta-heuristic algorithm was developed. All the
fireflies are considered

unisexual and their attraction is directly
proportional to the intensity of their flash.
Therefore if a firefly particle had the choice of
moving towards either of two fireflies, it will be
more attracted towards the firefly with higher
brightness and moves in that direction. If there are
no fireflies nearby, the firefly will move in a
random direction. The brightness of flash is
associated with the fitness function.

The firefly algorithm has three particular
idealized rules which are based on some of the
major flashing characteristics of real fireflies.
These are the following:

(i) All fireflies are unisex, and they will
move towards more attractive and brighter ones
regardless their sex.

(ii) The degree of attractiveness of a firefly is
proportional to its brightness which decreases as
the distance from the other firefly increases due

to the fact that the air absorbs light. If there is not
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a brighter or more attractive firefly than a
particular one, it will then move randomly.

(i)  The brightness or light intensity of a
firefly is determined by the value of the objective
function of a given problem. For maximization

problems, the light intensity is
(iv)

v) proportional to the value of the objective
function.

Attractiveness:

In the firefly algorithm, the form of attractiveness
function of a firefly is the following
monotonically decreasing function:

B( 1 = (Bs expr"  )with m>1,
(6)

Where, 7 is the distance between any two fireflies,
Po is the initial attractiveness at » =0, and y is an
absorption coefficient which controls the
decrease of the light intensity.

Distance:

The distance between any two fireflies i and j, at
positions xi and xj, respectively, can be defined as

a Cartesian or Euclidean distance as follows:

4.1 Table 1. Parameters of Firefly Algorithm

Parameter

Brightness

d
2
ry=le= x5l = ) G = %)
\] k=1
Where *ik is the kth component of the spatial

coordinate ¥; of the ith firefly and d is the number
of dimensions we have, for d = 2, we have

2 2
Ty _ ; (xi - %) + (Fi =)
®)

However, the calculation of distance r can also be

defined using other distance metrics, based on the
nature of the problem, such as Manhattan
distance or Mahalanobis distance.

Movement:

The movement of a firefly i which is attracted
(i.e., brighter) firefly is given by the following
equation:

X =% + B, *exp(-yrf}' y< (% - %)+ a *(rand
=), ©)
Where the first term is the current position of a
firefly, the second term is used for considering a
firefly’s attractiveness to light intensity seen by
adjacent fireflies, and the third term is used for

the random movement of a firefly in case there

are not any brighter ones.

Notation in Algorithm

Objective function

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021




Gwaivangmin, B.1., Bakare, G.A., Haruna, Y.S And Amoo A.L

Optimal Economic Dispatch In Micro-Grids Using Firefly Algorithm

Beta (ﬁ )

Alpha (fﬂ
Gamma ('}"]
Number of generations
Number of fireflies

Dimension

R

In firefly algorithm, parameter alpha (&) controls

exploration and parameter gamma ('}’] controls
exploitation. These parameters describe the
variation of the attractiveness and its value is
responsible for the speed of firefly algorithm
convergence.( Panigrahi and Mishra,2015)

The coefficient o is a randomization parameter
determined by the problem of interest, while rand
is a random number generator uniformly

distributed in the space [0, 1]. As we will see in

this implementation of the algorithm, we will use

Bo= 1.0, o = [0, 1] and the attractiveness or
absorption coefficient y =1.0, which guarantees a
quick convergence of the algorithm to the optimal
solution.
The different steps involved in the FA are as
follows:

Step 1: Initialization of the FA.
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Attractiveness parameter

Randomisation parameter

Absorption coefficient

Iterations

Population

Problem dimension

Radius, time interval etc. (depends on application

(1) The dimension of the problem.

(i1) The number of fireflies.

ii1) The maximum number of iterations.

(iv) The values of a, B, vy and o are chosen.

(v) Iteration counter i =0.

Step 2: Increment the iteration counter i =i+1.
Step 3: Calculate the fitness of the fireflies in
every iteration by using the fitness function and
associate the light intensity of each firefly to the
same.

Step 4: Sort the fireflies based on their light
intensities and find the best firefly in each
iteration.

Step 5: Vary the light intensity perception of all
other fireflies based on the distance between

them.
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Step 6: Move the fireflies based on attraction Step 8: Display the results with the firefly particle
which depends on their light intensities and also of highest light intensity.

the control parameters.

Step 7: If the stopping criteria are not reached go 6. RESULTS AND DISCUSSION
back to step 2 else go to step 8. For this work the following Firefly parameters
were used

Table. 2 Firefly numeric parameters

Maximum Number of Iterations Maxit = 1000
Number of Fireflies (Swarm Size) npop =25
Light Absorption Coefficient ¥
=1
Attraction Coefficient Base Value B
=2
Mutation Coefficient a
=0.2
Mutation Coefficient Damping Ratio e
damp = 0.98
Uniform Mutation Range A=005
m 2
We shall be discussing problems based on six sources of power in consideration. Our discussion
cases with and without the inclusion of renewable would be based on cost per kWh.

Table 3. Load Forecast for the next 24 Hours

Time (Hours) Load (kW)
0:30 335.33
1:00 335.33
1:30 304.84
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2:00 304.84
2:30 320.01
3:00 320.01
3:30 426.78
4:00 548.71
4:30 609.68
5:00 655.41
5:30 853.55
6:00 945.01
6:30 1,097.43
7:00 1,204.12
7:30 1,219.36
8:00 1,280.33
8:30 1,082.19
9:00 1,127.92
9:30 1,051.70
10:00 1,021.22
10:30 960.25
11:00 884.04
11:30 853.56
12:00 769.82
12:30 762.10
13:00 762.10
13:30 853.56
14:00 868.80
14:30 838.31
15:00 884.04
15:30 929.77
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16:00 929.77
16:30 914.52
17:00 914.52
17:30 945.01
18:00 899.28
18:30 914.52
19:00 929.77
19:30 884.04
20:00 838.31
20:30 838.31
21:00 624.92
21:30 624.92
22:00 563.96
22:30 487.75
23:00 411.54
23:30 365.81
24:00 335.33
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Figure 2. Forecast load demand for the 24 Hours of the 11kV dedicated feeder

Table 4. Micro-Grid Components Data — Turn on and Off Status

Time PHES Gl G2 G3 PV Grid
(Hours) KW KW KW KW KW
0030 0 0 0 0 0 33533
01:00 0 0 0 0 0 335.33
01:30 0 0 0 0 0 304.84
02:00 0 0 0 0 0 304.84
02:30 0 0 0 0 0 320.01
03:00 0 160.005  160.005 0 0 0
03:30 0 21339 21339 0 0 0
04:00 0 0 274355 274355 0 0
04:30 0 0 30484 30484 0 0
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05:00 0 0 327.705 327.705 0 0
05:30 0 284.517 284.517 284.517 0 0
06:00 0 0 0 0 945.01 0
06:30 0 0 0 0 1,097.43 0
07:00 0 0 0 0 1,204.12 0
07:30 0 0 0 0 1,219.36 0
08:00 0 0 0 0 1,280.33 0
08:30 0 0 0 0 1,082.19 0
09:00 0 0 0 0 1,127.92 0
09:30 0 0 0 0 1,051.70 0
10:00 0 0 0 0 1,021.22 0
10:30 0 0 0 0 960.25 0
11:00 0 0 0 0 884.04 0
11:30 0 0 0 0 853.56 0
12:00 0 0 0 0 769.82 0
12:30 0 0 0 0 762.10 0
13:00 0 0 0 0 762.10 0
13:30 0 0 0 0 853.56 0
14:00 0 0 0 0 868.80 0
14:30 0 0 0 0 838.31 0
15:00 0 0 0 0 884.04 0
15:30 0 0 0 0 929.77 0
16:00 0 0 0 0 929.77 0
16:30 0 0 0 0 914.52 0
17:00 0 0 0 0 914.52 0
17:30 0 0 0 0 945.01 0
18:00 0 0 0 0 899.28 0
18:30 914.52 0 0 0 0 0
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19:00 884.04 0 0 0 0 0
19:30 838.31 0 0 0 0 0
20:00 838.31 0 0 0 0 0
20:30 624.92 0 0 0 0 0
21:00 624.92 0 0 0 0 0
21:30 624.92 0 0 0 0 0
22:00 563.96 0 0 0 0 0
22:30 487.75 0 0 0 0 0
23:00 411.54 0 0 0 0 0
23:30 0 0 0 0 0 365.81
24:00 0 0 0 0 0 335.33
TableS: Truth Table of the Micro-Grid
Time PHES G1 G2 G3 Pv Grid
(Hours) KW KW KW KW KW KW
00:30 0 0 0 0 0 1
01:00 0 0 0 0 0 1
01:30 0 0 0 0 0 1
02:00 0 0 0 0 0 1
02:30 0 0 0 0 0 1
03:00 0 1 1 0 0 0
03:30 0 1 1 0 0 0
04:00 0 0 1 1 0 0
04:30 0 0 1 1 0 0
05:00 0 0 1 1 0 0
05:30 0 1 1 1 0 0
06:00 0 0 0 0 1 0
Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engineers (NSE) November 2021

118




Gwaivangmin, B.1., Bakare, G.A., Haruna, Y.S And Amoo A.L

Optimal Economic Dispatch In Micro-Grids Using Firefly Algorithm

06:30 0 0 0 1 0
07:00 0 0 0 1 0
07:30 0 0 0 1 0
08:00 0 0 0 1 0
08:30 0 0 0 1 0
09:00 0 0 0 1 0
09:30 0 0 0 1 0
10:00 0 0 0 1 0
10:30 0 0 0 1 0
11:00 0 0 0 1 0
11:30 0 0 0 1 0
12:00 0 0 0 1 0
12:30 0 0 0 1 0
13:00 0 0 0 1 0
13:30 0 0 0 1 0
14:00 0 0 0 1 0
14:30 0 0 0 1 0
15:00 0 0 0 1 0
15:30 0 0 0 1 0
16:00 0 0 0 1 0
16:30 0 0 0 1 0
17:00 0 0 0 1 0
17:30 0 0 0 1 0
18:00 0 0 0 1 0
18:30 0 0 0 0 0
19:00 0 0 0 0 0
19:30 0 0 0 0 0
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20:00 1 0 0 0 0 0
20:30 1 0 0 0 0 0
21:00 1 0 0 0 0 0
21:30 1 0 0 0 0 0
22:00 1 0 0 0 0 0
22:30 1 0 0 0 0 0
23:00 1 0 0 0 0 0
23:30 0 0 0 0 0 1
24:00 0 0 0 0 0 1

Table 6. Micro-Grid Components Specifications

SPECIFICATIONS PHES G1 G2 G2 PV
KW KW KW KW KW
RATED POWER 1000 300 300 300 1500
COST ( S/KW) 0.05 69.2 69.2 69.2 0.06
MAX (KW) 930 855 855 855 1280
MIN (KW) 0 0 0 0 0

Table.7 Classical Economic Load Dispatch Results

SPECIFICATIONS PHES Gl G2 G2 PV

KW KW KW KW KW
RATED POWER 1000 300 300 300 1500
COST ( $/KW) 0.05 69.2 69.2 69.2 0.06
MAX (KW) 930 855 855 855 1280
AV.Total Load(kW) 681.319 219.304 260.802 297.854 41,724.049
Electricity Cost 7.57 6,070 7,219 13,741 208
($/H)
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Firefly Implementation

Using MATLAB R2015a, the FFA economic
load dispatch was implemented using the
parameters in Table 2. Using the codes developed
by Yapiz et al.(2015). The results are as shown in
Table.S8.

Firefly Algorithm (FA) in MATLAB for
Economic load dispatch

cle;

clear;

close all;

%% Problem Definition

CostFunction = @(x) Rosenbrock(x); %

Cost Function

nVar =5; % Number of Decision
Variables

VarSize = [1 nVar]; % Decision Variables
Matrix Size

VarMin = -10; % Decision Variables
Lower Bound

VarMax = 10; % Decision Variables
Upper Bound

%% Firefly Algorithm Parameters

MaxIt = 1000; % Maximum Number of
Iterations

nPop = 25; % Number of Fireflies
(Swarm Size)

gamma = I; % Light Absorption
Coefficient

betal = 2; % Attraction Coefficient Base
Value

alpha = 0.2; % Mutation Coefficient
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alpha_damp = 0.98;, % Mutation Coefficient

Damping Ratio

delta = 0.05*(VarMax-VarMin); % Uniform

Mutation Range

m=2;

if isscalar(VarMin) && isscalar(VarMax)
dmax = (VarMax-VarMin) *sqrt(nVar);

else

dmax = norm(VarMax-VarMin)
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Table 8 Economic Load Dispatch using FFA

SPECIFICATIONS  PHES Gl G2 G2 PV

KW KW KW KW KW
RATED POWER 1000 300 300 300 1500
COST ($/KW) 0.05 69.2 69.2 69.2 0.06
MAX (KW) 930 855 855 855 1280
Average Load(kW/H)  681.319 219.304 260.802 297.854 41,724.049
Electricity Cost ($/H)  7.04 5,989 6,898.07 13,059 203.54

From Tables 7 and 8 it can be seen that the cost
of production of kw /h for the three generators,
PHES and Solar PV from the Firefly economic
dispatch is cheaper than that of the classical
economic dispatch. Hence FFA gives optimal
values than the classical iteration method. This
shows that FFA is more efficient in cost

minimization in economic dispatch.

7. CONCLUSION

The economic dispatch of committed
Photovoltaic (PV), Micro-Pumped Hydro Energy
Storage (MPHES) and Diesel Generator (DG) has
minimized the total operating cost in the
electricity supply of the University of Jos using
Firefly Algorithm (FFA). It is expected that
investment into micro-hydro pumped storage
system and Solar PV will ensure stable and

sustainable power supply in the University.
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ABSTRACT:

This study presents a review on the energy status of the nation, Nigeria which is Africa’s largest economy
with only 60% of its population having access to electricity in 2018, despite the abundance of diverse energy
resources in the country. It was observed that the energy demand of the entire nation can be met if only
0.1% of the total solar energy radiant on her land area is harnessed with an efficiency of 1%. Also, Nigeria
has over 200.4 trillion cubic feet (Tcf) of proven natural gas reserve and a great prospect for hydropower
owing to the availability of abundant water resources. Coal energy resources stand at about 1-2.175 billion
tons which if optimally harnessed, could sufficiently supply the remaining megawatts of energy needed in
Nigeria. Considering accessibility, even distribution, sustainability, cost-effectiveness, and renewability,
the most suitable energy-mix required for optimum performance of the economy would be a blend of solar
energy and hydropower alongside the already existing crude/natural gas resources.

Keywords: Hydropower, Solar Energy, Natural Gas, Coal Power, Renewable Energy.
imaginable (Liko, 2019). The abundance and

1. INTRODUCTION availability of energy/energy resources create the
Energy and its prerequisites are very important framework and platform required in determining
tools for a sustainable economy to impact growth the strength and viability of any economy for
and development at all facets. Every aspect of any sustainability and balance. Chow et al., (2003)
existing economy needs and requires energy for reiterates also that energy is the lifeblood of any
it to meet its economic demands and technological and economic development;
expectations. According to Oyedepo (2012), according to Okorafor et al, (2013) the greatest
energy plays the most vital role in the economic indicator of development and independence in
growth, progress and development as well as any nation’s gross domestic product (GDP) is
poverty eradication and security of any nation. measured by the quality and

Also, from Asghar (2008) energy is a key source

of economic growth because many production quantity of power (energy to do work) it
and consumption activities involve energy as generates to meet the requirements of
basic input. The energy industry is manufacturing, production, distribution and

consumption. Widespread development and
undoubtedly an engine of growth, as its products elevated progress that leads to poverty
serve as inputs into nearly all goods and services eradication, sustainability in the economy, and
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growth are dependent on the increase and
adequate management of energy resources. In the
present dispensation, any economy that cannot
support the demands of its economy by meeting
up to the requirement of the production of goods
and services would be one facing challenges of
poor energy base and unavailable energy
resources. The demand for energy will continue
to increase as long as there is an increase in the
population of the world. According to a survey
from WEC (2013) it is expected that at least 80%
of the increase in energy demand is expected to
come from the increasing population of
developing countries. The main objective of this
paper is to present a review of the global,
continental, and national energy resources
scenario; observing the prospects and challenges
of energy resources in Nigeria and proffering
some safe solutions to the energy problem of the
country.

1.1 Global and Continental Energy Status.
With reference to Shell (2017), the total world
energy comes from 80% fossil fuels, 10%
biofuels, 5% nuclear and 5% renewable (hydro,
solar, wind, geothermal) and only 18% of this

total energy is in the form of electricity while

most of the other 82% are used for heat and
transportation. Global energy consumption draws
from six (6) primary sources: 44% of petroleum,
26% natural gas, 25% coal, 25% hydroelectric
power, 2.4% nuclear power and 0.2% non-hydro
renewable energy (Chow et al, 2003). As
conservative as these figures may seem, the only
factor responsible for increase in the demand of
energy still remains an ever-increasing
population growth and this is reported by
UNDESAPD (2019), that the world’s population
is expected to grow to around 8.5 billion in 2030,
9.7 billion in 2050 and 10.9 billion in 2100. This
projection will also require that energy
requirements be made to meet with the teaming
population. Furthermore, IEA (2019) has
projected that world energy demand is expected
to increase by 19%. Presented in Tables 1.0 and
2.0 is an overview of the worlds’ total energy
reserve and consumption as at 2019 while Figure
1 shows the global energy sources from 1978 to

2018 as detailed by Kober et al., (2020).

Table 1.0: World Total Energy Reserves as at 2019

Continents Natural Gas Crude Oil Coal Renewable
(Trillion m®) (Thousand Million - Power
(Million Tonnes)
Barrels)
(TWH)
Central America 8.0 317.0 13689 184.1
Europe 3.4 157.8 135109 836.6
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CIS 64.2 714.9 190655 3.3
Middle East 75.6 1417.4 1203 13.3
Africa 14.9 399.1 14837 45.1
Asia Pacific 17.7 361.8 456813 1146.2
North America 15.0 1116.5 257330 576.9
Total 198.8 41484.5 1069636 2805.5

(Source: British Petroleum, 2020)

Table 2.0 World Energy Consumption as at 2019

Continent Natural Gas Nuclear Crude Coal Renewable  Primary
(Exajoules) Energy Energy

oy1s 3
(Billion m’) (Exajoules) (Exajoules)

0il ao®
(Exajoules) Joules)

North America 1057.6 8.59 44.78 12.41 6.70 116.58
Central America 165.5 0.22 11.86 1.48 2.73 28.61
Europe 554.1 8.28 30.40 11.35 8.18 83.82
CIS 573.7 1.88 8.37 5.53 0.03 36.68
Middle East 558.4 0.06 17.80 0.40 0.12 38.78
Africa 150.1 0.13 8.28 4.47 0.41 19.87
Asia Pacific 869.9 5.77 71.54 122.22  10.81 257.56
Total 3929.2 24.92 193.03 157.86  28.98 583.90

(Source: British Petroleum, 2020)
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375.4
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580.5
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Figure 1: Global Energy Sources from 1978 - 2018. (Source: Kober et. al., 2020)

According to UNEP (2017), the energy
resources/reserves and consumption of Africa as
a continent is presented as follows;

Africa has the world’s largest per capita energy
consumption; with 16% of the world’s population
(1.18 billion out of 7.35 billion populates), it
consumes about 3.3% of global primary energy.
Of all the energy sources, Africa consumes most
(42% of its total energy consumption) followed
(28%), Coal (22%), hydro (6%),

renewable (1%), and nuclear (1%).

by gas

Africa has 7.5% of the World’s proven natural
gas reserves, it produces about 6% and consumes
3.19% of global reserves respectively.

Africa produces 9.1% of total global oil
production and accounts for 42% of total global
oil consumption.

South Africa is the world’s 7" largest producer

and accounts for 94% of Africa’s coal production.
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Africa’s renewable energy resources are diverse,
unevenly distributed and enormous in quantity,
potential 10(TW),
abundant hydro (350 GW), wind (110 GW) and
geothermal energy sources (15 GW).

almost unlimited solar

Energy from biomass accounts for more than
30% of the energy consumed in Africa and more
than 80% in many Sub-Saharan African
countries.

Sub-Saharan Africa has undiscovered but

technically recoverable energy resources
estimated at about 115.34 billion barrels of oil
and 21.05 trillion cubic meters of gas.

Africa is indeed blessed and endowed with a lot
of energy resources which have been either
untapped or unused and this brings to bay that the
continent has not actively contributed to the
global energy base since most of the production
activities are not fully operational due to power
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outages and unstable power generation. (IEA,

2017).

Table 3.0: Power Consumption per capita in selected African Countries.

Country or Region

Consumption per capita (KWh/capita)

North Africa

SSA

Angola

Democratic Republic of Congo
Ethiopia

Ghana

Kenya

Mozambique

Nigeria

Tanzania

Zimbabwe

South Africa

World—High income countries

World—Low- and middle-income countries

1,442
200
346
94

85
320
168
507
144
98
510
4,148
9,086
1,933

(Source: IEA, World Energy Statistics, 2017).

2. ENERGY RESOURCES
UTILIZATION IN NIGERIA

AND

Nigeria is a country endowed with both mineral
and natural resources which are expected to drive
the nation beyond its present economic condition
but due to poor handling, mismanagement and
improper implementation of finances and policies

pertaining to energy resources, the gross
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domestic product (GDP) and general standard of

living of the population are still

within the poverty range of global calculation. In

all hemispheres/aspects, Nigeria is indeed

endowed with both renewable and non-renewable
energy sources and is considered the continent’s
largest economy while only 60% of the
population had access to electricity in 2018 (EIA,

2020). However, despite the potentials of these
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abundant and diverse energy
(hydropower capacity of 14,750 MW, 2.0 — 4.0

m/s wind speed, 3.7 — 7.0 kWh/m? - day solar

résources

radiation, biomass potential of 144 million
tonnes/year and 150,000TJ/yr. of wave and tidal
energy), the country’s economic progress is still
hampered by energy crises (Ohimain, 2014).

2.1 Coal

Coal was discovered in Enugu, Nigeria in 1909
and remains the oldest non-renewable source of
energy. Coal is a resource primarily used for
electric power generation, and currently supplies
41% of global electricity needs. Significant
quantities of coal are also employed in
metallurgical processes, gasification, cement
industries, and as raw materials for activated
carbon and many common and industrial
chemicals, as well as for heat for the wallboard,
aluminum, and cement industries (Shifeng and
Robert, 2018). Nigeria has proven coal reserves
of 639 billion tonnes consisting approximately of
49% sub bituminous, 39% bituminous and 12%
lignite coals (Chukwu et al., 2016). About 95%
of Nigerians coal production has been consumed
locally usually for transport, industrial heat and
cement production (Sambo et. al., 2010).

Coal power contributed 0.04% to Nigerian
electricity in 1972, attained its peak of 2.27% in
1973, and thereafter declined to 0% today as is

depicted in Figure 2 (IEA, 2020). Coal
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production was at its peak between 1950 and
1960 in Nigeria (Ohimain, 2014), but was
abandoned as other power sources (hydro,
thermal, and gas) gained emergence and has
proven to be more efficient. The Nigerian Civil
War (1967-1970) also negatively impacted coal
production as many mines were abandoned
during the war (Odesola et al., 2013). Since then,
Nigeria’s Coal-to-power has failed drastically.
However, with some new robust policies enacted
to support the coal-to-power project, there were
projections that these projects could supply a total
of 4,800MW to the national grid and could double
Nigeria’s electricity generation. It is however
saddening that some of these projects never came
to be thus stifling the coal power sector of the
country. Figure 2 shows the percentage of
electricity generation from coal from 1972-2012.
2.2 Natural Gas

Natural gas refers mainly to the natural occurring
gaseous mixture of hydrocarbon gasses found
underground in reservoirs. Nigeria as a nation is
blessed with many of such reservoirs, not only is
the quality of the natural gasses found in the many
reservoirs rich with no Sulphur content and with
high liquid (condensate) content consisting of
about 70% to 95% of methane making it one of
the world’s purest natural gas, it is equally highly
sought after.
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Figure 3: Total liquefied Natural Gas exports in the world from Nigeria (Source: EIA 2020).

The largest natural gas reserve as reported by IEA
in 2018 is found in Nigeria. She is reported to be
the fifth largest exporter of liquefied natural gas
in the world with about 982 BCF LNG exported
in 2018 alone. Her economy is centered around
natural gas and crude oil. The nation earned about
$55billion in 2018 from crude oil and natural gas

exports only and this figure is $23 billion dollars
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over that earned in 2016 (EIA 2020). An
estimated 2.0 million b/d of petroleum, and other
liquids were produced per day in 2019 and only
1.65 million b/d is crude oil while the remaining
is natural gas and other liquids.

The U.S Energy Information Agency (EIA)
Report in 2020 stated that as at 2017 the Nigeria
had a generating capacity of 12,664 megawatts of
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which 10,522MW (constituting of 83% of the
total generating capacity) was from fossil fuel,
2,110 MW (17%) was from hydroelectricity and
32MW (<1%) was from solar, wind and biomass.
It was reported that the net electricity generation
was 30.6 billion kilowatt which was far lower
than the total capacity to the tune of 28% (EIA
2020).

Furthermore, all three major crude oil refineries
in Nigeria with a total distillation capacity of
423,750b/d are presently being rehabilitated and
is expected to be completed by 2022 (Robert,
2019), the NNPC has stated in April of 2020 that
it will seek private sector company to manage the
operations of the newly rehabilitated refineries
(Ayodeji, 2020), this will indeed be a step in the
right direction and thus brighten the prospect of
the industry in Nigeria for Nigerians.

2.3 Hydro-Power Resources

Hydropower remains one of the world’s most
widely used renewable energy resource,
contributing to more than 16% of electricity
generation worldwide and about 85% of global
renewable electricity and plays an important role
in enabling countries and communities around the
world meet their power and water needs
(Ladokun et al., 2018) as well as fulfilling the
sustainable development goals (SDG) of
providing affordable and clean energy(Saran &
Mitthan, 2020). As at 2017, approximately 1.1
billion of people globally were living without
clean, socio-

access to energy in its
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environmentally and directly usable form
(Oludamilare et al., 2020). However, in 2018,
hydropower has contributed to 4200 TW-hours
(TWh) of global electricity generation hereby
making it the highest generation contribution by
a renewable energy resource (Saran & Mitthan,
2020). Progressively, research reports indicate
sector contributed to

that the hydropower

approximately 15% of global electricity
generation in 2019, supplying over 70% of global
renewable energy with an annual hydropower
production of approximately 4,306 TWh (Paltan
et al., 2021). An extensive review by Antwi and
Sedegah, (2018) also revealed that Sub-Saharan
Africa has a great, less exploited hydropower
potential (10%), and climate change will have
almost an insignificant (0% change) impact on
hydropower generation in the region by 2050.

As at 2011, (Igweonu & Joshua, 2012) revealed
that Nigeria generated less than 4000MW of
electricity but has the capability of increasing her
generation through small hydropower (SHP)
considering its unharnessed potentials in the
country. This small hydropower had the potential
to increase the percentage contribution of
hydroelectricity to the total energy mix and to
extend electricity to rural and remote areas,
considering the economic, social and
environmental benefits. Currently, the energy
obtained from the three major hydropower
stations at Kainji, Jebba, Shiroro and from some

smaller schemes presently produces one-fifth of
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the total energy generated in Nigeria (Ladokun et
al., 2018). Saran and Mitthan (2020) reported that
sixty-one of global hydropower projects incurred
an average of $ 2.5 billion costs and 43 months in
time overruns. It is estimated that Nigeria would
require about USD 150 billion and USD 600
billion in capital to attain the power density in
South Africa and USA respectively (Brimmo et
al., 2017).

2.4 Solar Energy

Solar energy refers basically to harnessing the
radiant light and heat from the sun via adopting a
range of evolving technologies such as
Photovoltaic, solar thermal, molten salt, power
plants, artificial photosynthesis, and solar heating
for meeting man's energy demand. It is an
inexhaustible energy resource that offers clean,
climate-friendly, and cost-effective energy
solutions. Solar energy is indeed an ideal energy
source, it is free in nature and limitless (Oghogho
et al., 2014). All forms of energy depend largely
on solar energy; hydropower with its
hydrological cycle manipulated by the intensity
of the sun and wind power with air movements
dependent on the sun’s heating effect (Tyangi et
al., 2013). It is, therefore, necessary that these
inexhaustible resources be put into adequate and
efficient use.

Amongst the trends

many technological

available, Photovoltaic is notably a remarkable

trend, a device developed in 2008 by scientist of
the United State' energy department, natural
renewable energy laboratory (NERH) capable of
converting 40.8% of incident sun rays to
electricity (Tyagi, 2013), aside from the fact that
it is extremely modular, it is equally easy and fast
to install and also accessible to the public.
Another notable trend is Solar Thermal
Electricity (STE) which allows extension of solar
electricity production for long-range hours to
Peak or Mid-peak hours via the deployment of
thermal storage systems. With the use of fuel-
back-up and hybridization with other resources,
STE's has become a far cheaper option for
including solar energy in the electricity mix.

Solar PV’s and STE's notably has the capacity to
transform over 1.4 billion lives of people
deprived of electricity off-grid in developing
countries with Nigeria inclusive. The use of solar
cooking and solar water heating can significantly
improve the living standards in developing and
underdeveloped nations. One of the major
advantages of the PV's is the possibility of
installing it close to the consumer (e.g., building
roofs) while the STE's can serve to complement
PV's instead of competing with it, thus solving
the problem of storage and transportation of the

generated energy.

Table 4 Nigeria Solar Energy Electricity Target Summary
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Activity/Item Year

Activity 2015 2020 2030
Solar PV home systems (SHS) 5 10 15
Solar PV water pumping 50 1000 5000
Solar PV community services 45 500 3000
Solar PV refrigerator 20 500 2000
Solar PV Street and traffic lighting 100 1000 10000
Solar PV large-scale PV plants (1 MW capacity) 80 990 9990
Solar thermal electricity (1 MW capacity) 300 2136 18127

Source: Olusola et al., (2017).

3. PROSPECTS
ENERGY RESOURCES

OF NIGERIA
Coal power generation could be sufficient to
supply at least one-third of the remaining
megawatts needed in Nigeria and there are still
large deposits of coal in Nigeria which will
sustain the high energy demand of the
populace(Odesola et al., 2013). With its abundant
reserves estimated at about 1-2.175 billion tonnes
(Sambo et al., 2010; Ugwoke et al., 2020), Coal
power can supply the country’s energy demand if
the infrastructures are effectively managed.
Research reports have also revealed that coal
could generate 9.9%, 13.8%, 15.3%, and 15.6%
of Nigeria’s electricity in 2015, 2020, 2025 and
2030,
generating 1,200MW, 4,400MW, 15,400MW
and 53,900MW of electricity by 2015, 2020,

2025, and 2030, respectively(IEA, 2020). It is

respectively. This is tantamount to

also worthy of note that coal power is not
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subjected to climate changes like biomass or
seasonal water level changes like hydropower,

neither

can it be easily/illegally bunkered like petroleum.
Besides, coal reserves are more evenly spread
geographically than petroleum across Nigeria’s
territory thus is less affected by local, regional,
national or global politics (Ohimain, 2014).

If properly exploited, coal production for
electricity and coal briquettes for domestic/
industrial heating could bring a number of other
benefits including increased and more reliable
electricity supply, lower-cost electrical energy,
increased employment, expanded
industrialization of the economy as well as an

increased national income (IEA, 2020).

The main source of energy consumption in

Nigeria is derived from natural gas and petroleum
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and other liquids which constitute about 97%,
while traditional biomass and waste (consisting
of wood, charcoal, manure and crop residue used
do power generation) and other renewable
accounts for only 3% (IEA 2020). Following a
report from the oil & gas journal (2019), Nigeria
had an estimated 200.4 trillion cubic feet (TCF)
of proved natural gas reserves as at the end of
2019. In 2008, according to Akachidike (2008),
the nation had an estimated 182 TCF of natural

gas with a projection of over 70%

by 2025. The Nigerian LNG (NLNG) in
December 2019 commenced an expansion
project proposed in 2005, the addition of a
seventh train to the currently existing facility with
the aim to add about 365 BCF of natural gas and
thus, increasing the total capacity to 1.4TCF. If
properly harnessed, this energy source still has
great prospects in advancing Nigeria’s energy
sector.

Conversely, it is evident that hydropower
electricity has great prospects in Nigeria’s energy
sector because of the availability of abundant
water resources scattered across its borders which
can meet the requirement for dam and hydro
power installation. More so, as Africa's richest
economy and most populous nation, the huge gap
between the country's energy demand and current
production capacity suggests that a huge market
is available for this power industry (Brimmo et

al., 2017). Similarly, hydropower has a great
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prospect to increase energy generation capacity
by 160% in Africa to reach populations living
without electricity and increase electrical energy
consumption in the region if public-private
partnership is fully harnessed. (Antwi & Sedegah,
2018). Its major advantage is elimination of fuel
cost. The cost of operating a hydroelectric plant
is nearly immune to increases in the cost of fossil
fuels such as oil, natural gas or coal, and no
imports are needed, hence it is rarely affected by
global economic and political changes. It is also
worthy of note that hydroelectric plants have long
lifetimes, often 100 years or more (Breeze, 2018).
Operating and labour costs are also usually low
as automation of the plant is the state of the art.
In addition to its prospect, a small hydro
development may be installed along with a
project for flood control, irrigation or other
purposes, hence providing/supplementing extra
revenue for project costs (Igweonu and Joshua,

2012).

Likewise, Nigeria with land area of 924x10°
Km? with an average of 6.5 hours per day of
sunshine and over 2600 hours of sunlight per
year, has an average of over 1.84x10'> KWh of
incident solar energy annually and an average of
5.535 KW/M?%day. The energy demand of the
entire nation of Nigeria can be met if only 0.1%
of the total solar energy radiant on her land area
is harnessed with an efficiency of 1% (Bugaje,

2006), this has the potential to supply over
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115,000 times the electrical power currently
produced (Augustine et al., 2009), and only about
3.7% of Nigeria's land area can collectively
gather an amount of solar energy that is equal to
her total conventional energy reserves (Mohamed
et al., 2013). The monthly average global solar
radiation in Nigeria is shown in figure 5.0. It is
therefore worthy of note that Nigeria has good
radiation sites that can boost the development of
solar energy. Following a government report
which indicates that around 55% of the country's
190 million inhabitants have no access to grid-
connected electricity and even those with
nominal access to centralized power are often

affected by power cuts and outages. The country

Mosorogo anmeeal curm (2004 - 00

= BOO 1000 1300 1400 1800 1800 = kYW=

has recently launched a $75 million grant to
encourage off-grid solar projects which will take
advantage of the country’s sufficient sunlight and
sidestep the leaky grid Infrastructure that has
hindered Energy consumption for so long (Casey,
2020).

Nigeria aims at producing 9.74%, 18%, and 20%
of electricity consumed from renewable energy
by 2015, 2020, and 2030 respectively, and solar
energy is expected to produce 1.26%, 6.92%, and
15.27% of the electricity consumed by 2015,
2020, and 2030 respectively. However, there are

currently no commercial solar energy plants

available in Nigeria.

Solargls

il Yirser g ik
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Figure 4: The Monthly Average Global Solar Radiation in Nigeria (Source: Thessa et al., 2016).
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3.1 Challenges  of
Resources

According to Vivadili et al; (2017) the five
cardinal targets of sustainable energy production
are; reduced carbon dioxide emission,
ecologically friendly process, energy transition
security, reduced energy production cost and
massive integration of green energy technologies.
One of the major challenges of energy in Nigeria
is the fossil fuel energy resources like coal,
natural gas, crude oil, geothermal, biomass etc.
These resources require a certain amount of
combustion that will generate greenhouse gases
and increase carbon emission into the atmosphere
and these are responsible for climate change,
increase in global average temperature, ozone
layer depletion and overall increase in ultraviolet
radiation in the airspace. As the world steers
towards greener energy, there are negative global
publicity associated with coal power as a result of
CO;

Nigeria  Energy

emission. This trend has continued despite
technologies such as carbon capture and Storage
(CCS), supercritical turbine concept, integrated
gasification combine cycle, and coal washing
which seeks to considerably ameliorate the effect
of these greenhouse gases.

Another challenge which poses an impediment in
the use of green technologies is the absence of
structural framework and basic physical
infrastructure to harness the potential of our
energy resource. QOur solar energy and
hydropower respectively are majorly affected by
this problem. This is evident in the absence of
solar energy plants and limited number of hydro
power stations in the country. For example, the
major challenges faced with the installation of
solar PV panels for huge electricity generation is
the large land requirement. Other adjoining
factors like dust and humidity affects the
efficiencies of the PV cells (Oghogho, 2014) but
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with the continuous development on PV cells
efficiency and space requirement per KWH of
electricity generated, it is believed that these
challenges will soon be a thing of the past (Tyagi,
2013).

The policies being formulated to support or
encourage the utilization of these energy
resources (renewable and renewable) have not
received proper implementation and they are not
deregulated or regulated to ascertain their general
input into the national economy to determine the
proportionate growth in gross domestic product
(GDP) and National income (NI). This may be as
a result of the services of less-knowledgeable
individuals or corrupt professionals who have
failed to properly interpret the policies as
required. This has grossly affected coal power
generation in Nigeria. Despite several new
policies and construction projects going on since
2011 to revive the coal power project in Nigeria,
none is yet fully operational  (Ohimain, 2014).
Likewise, it is sad to note that Nigeria is ranked
amongst the top gas flaring nations in the world,
in 2018 the nation flared about 261 billion cubic
feet (BCF) of its natural gas (World Bank Group
Report, 2018). Re-injection (a method applied in
offshore to boost oil recovery) is considered
uneconomic and with zero intention to adopt
several concept and solution for gas transport and
processing, gas flaring seem to be a viable
alternative, thus making the nation the leading
gas flaring nation and depriving her citizens of
constant power supply should the amount of has
flared had been directed towards electricity
generation.

Another challenge which is also evident in the
energy resource sector would be the absence of
proper finance/funding to erect the required
infrastructure and structural platform required to
access and harness the renewable technologies
and potentials which are abundant and available
for use within the country. This has affected the
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overhead cost of power generation. For example,
meeting the increasingly stringent standards on
combustion efficiency and pollutant emissions as
well as maintaining fuel flexibility and control
technologies makes the generation more cost-

intensive  (Yan, 2010). Conversely, the
economics of any gas reserves depends on several
factors like; field cost, development and
operation, gas price, sale contracts, and

government fiscal regimes. At the moment none
of these factors favor the development of remote
stranded gas nor even seek to address the
challenges in Nigeria. Natural factors such as
climatic factors can seriously affect power
generation, especially hydropower generation. In
Nigeria, seasonal fluctuation of water level can
pose a serious challenge to power generation and
supply. To date, only about one-quarter of the
world’s hydropower potential has been utilized,
and experts note that it is currently impossible to
develop every one of the remaining undeveloped
resources because of the social and
environmental problems of building large
hydroelectric dams (Igweonu and Joshua, 2012).

4. CONCLUSION
RECOMMENDATION

AND

Upon closer inspection and analysis of the natural
resources at our disposal in Nigeria, It can be
inferred that Nigeria is a country endowed with
both mineral and natural resources which are
expected to drive the nation beyond its present
economic condition. However, due to poor

handling, mismanagement and improper
implementation of finances and policies
pertaining to energy resources, the gross

domestic product (GDP) and general standard of
living of the population are still within the
poverty range of global calculation. Judging from
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the position of the energy resource base and
capacity of the nation, the following conclusion
has been drawn up;

- Introduction of a robust energy mix that
will guarantee availability of power to
drive the economic situation of the country
positively. Such a mix would be a
collaboration of hydropower/solar energy
as this would ensure a clean environment
devoid of carbon emissions that would
affect climate change.

- Installation of structural infrastructure that
would harness green energy (Solar, hydro,
wind etc.) to ensure the use of green
technology  to  drive  production,
manufacturing and distribution of goods
and services.

- Establishment and implementation of
energy supportive policies that will ensure
availability and proper distribution of
energy across all the sectors to ensure a
sustainable economy that translates into
development and growth.

- Drawing out a master plan for the
exploitation and utilization of the energy
reserve of the country. Close monitoring of
the generation and distribution of these

resources to strategic industries for

economic development is also pivotal.
With the available energy resources and
infrastructure  already on  ground, the

recommended mix which would boost economic
growth as well as ensure an efficient power
supply utilization in Nigeria would be a blend of
solar energy and hydropower alongside the
already existing crude/natural gas resources. This
is tenable based on the accessibility, even-
distribution, sustainability, cost-effectiveness and
renewability of these resources.
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ABSTRACT:

Energy mix development is critical for national economic growth, optimal performance of
industries and sustainable development in most nations of the world. This study examines the
extent of the utilization of Coal, Natural Gas and Water for sustainable power generation and
provision of competitive energy in Nigeria. Secondary data analysis was used in this research to
analyze the data collected from the various literatures and documentary archives. Challenges
facing this aspect of energy mix include issues linked with climate change, lack of technical
knowhow, excessive demand with low supply of energy, lack of proper education, inadequate
utilization of renewable energy, lack of equitable energy distribution in geopolitical zones and
level of poverty in the country. Prospects of their utilization were highlighted. Findings revealed
that there are underutilizations of Coal, Natural Gas and Water for power generation in Nigeria.
This scenario is due to lack of adequate attention to energy mix, training deficit, inadequate
finance, lack of technical knowhow and many other identified challenges. It has been concluded
that prospects and other benefits that can be derived from coal, natural gas and hydropower
generation should be harnessed for industrial use. Provisions of competitive energy and improved
technology by engineering industries have copious advantages in this regard. Efficient energy
management system and optimization of available energy sources at various geopolitical zones of
Nigeria will improve the system. Utilization of Coal, Natural Gas and Water for sustainable power
generation should be encouraged for national economic growth and provision of competitive
energy in Nigeria.

Keywords: Natural Gas, Hydropower, Engineering, Sustainable Development, Competitive
Energy

because of geometric and escalated energy
1. INTRODUCTION demand compared to inadequate supply over
Coal, natural gas and water can be utilized for
sustainable power generation in Nigeria the years. An estimated 1.6 billion people
worldwide lack access to electricity.
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Providing basic electricity services to these
people at an average annual consumption

level of 50 kWh per person would increase

the global end-use demand for electricity by
roughly 80 billion kWh per year. Massive
improvements in the efficiency of
technologies and devices have facilitated
continuing reductions in the quantity of
energy required to produce a unit of goods
and services in industrialized economies.
Significant discovery of coal in Nigeria
occurred in 1909 at Enugu, and then coal
played a vital role in Nigeria energy mix as it
was used to power trains in the Nigerian
Railways transportation system, as well as
used in the steel industry and cement
industry.

Natural gas is a fossil fuel primarily
composed of methane, although also present
are other higher alkanes such as propane,
butane, isobutane, pentane and heptane. In
Nigeria, Gas utilization is a primary goal of
Nigeria’s petroleum and energy policies.
This is because, with a proven reserve of
206.5 trillion cubic feet of natural gas,
Nigeria’s gas reserve is more than triple the
nation’s crude oil resources. Hitherto,

associated gas encountered during the normal

course of oil production has been largely
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flared. Nigeria was the leading oil producer
in Africa as of 2020. Oil production
amounted to 86.9 million metric tons in the
Only 40% of population in Nigeria is
connected to the grid; and this population
faces power problems 60% of the time.
Nigeria still depends on petroleum oil
reserves up till now. Libya was the richest
country in oil in Africa as of 2020,
accumulating 48.36 billion barrels of proved
reserves. Nigeria followed with reserves of
36.97 billion barrels of crude oil, while
Algeria's reserves summed up to 12.2 billion
barrels. Oil production improves Gross
Domestic Product (GDP) growth in African
countries such as Algeria, Angola, Egypt and
Libya, except in Nigeria. It is therefore
essential for these countries to invest their oil
largesse in boosting the productive base of
their economies to lower fiscal deficits
during periods of crude oil price uncertainties
and boost GDP growth. However, current per
capita consumption of the gas in Nigeria is
about 0.8kg/annum (Eregha and Mesagan,
2020; Aliyu et al., 2013).

Natural gas 1is the cleanest-burning
conventional fuel, environmentally friendly
and efficient energy source, producing lower
levels of greenhouse gas emissions than

heavier hydrocarbon fuels such as coal and
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oil. Nigeria has a lot of Crude Oil, Natural
gas, Tar Sands, Nuclear Element, Coal and

renewable energy resources that can be used

to augment energy demands in the country.
Despite Nigeria’s steady access to fossil
based and renewable energy sources, its per
capita electricity has been among one of the
lowest in Africa. As power demand studies
have projected a medium and long term
electricity demand of 30,000MW and
192,000MW respectively, there will need to
be substantial improvement in the energy
production and supply sector if this demand
is to be met. A sustainable energy system
may be regarded as a cost efficient, reliable,
and environmentally friendly energy system
that effectively utilizes local resources and
networks. It is not ‘slow and inert’ like a
conventional energy system, but it is flexible
in terms of new techno-economic and

political solutions.

2. LITERATURE REVIEW
The
Energy (WADE) defines

World Alliance for Decentralized
decentralized
energy (DE) as ‘electricity production at, or
near, the point of use, irrespective of size,
technology or fuel used in both off-grid and
on-grid’ (Modi et al., 2006). Coal was first

discovered in Nigeria in 1909. Coal mining
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in Nigeria began in 1916 with a recorded
output of 24,500 tonnes. Production rose to a

peak 0 905,000 tonnes in the 1958/59 with a

contribution of over 70% to commercial
energy consumption in the country.

Economic growth and environmental
sustainability are important in every nation
for health, wealth, sustainable development
and circular economy. Sectors of oil and gas
in downstream and upstream need drastic and
dramatic revitalization. There 1is great
demand for drastic transformation of oil and
gas sector for optimal delivery,
environmental safety, and economic growth
in Nigeria. The ever-increasing demand and
insufficient supply of oil and gas products in
Nigeria has been a great challenge to her

development (Oyebode, 2021).

According to Ajayi et al (2003) there is also
large deposit of coal which is a solid fuel
mineral. According to Renewable Energy
Master Plan of 2006, the proven reserve of
coal in Nigeria is 2.7 trillion tones. However,
Nigeria Coal Corporation (NCC) estimates
indicates 638 million tonnes of proven
reserves by direct drilling and 2.75 billion
tones of inferred reserves. Coal deposits are
found in the Enugu escarpment running from

north to south in Anambra state, Otukpo in
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Benue state, Okaba in Kogi state, Obi-Lafia
basin in Plateau state and south of Gombe
state. There are two types of reserve namely
the sub-bituminous grade and lignite.
However, Nigeria coal is mainly the sub-
low in and

bituminous sulphur

type,
phosphorus, but with a fairly high volatile
comp orient petroleum, gas and coal can be
harness to generate electricity and such
process is regarded as thermal energy.
Hydropower energy potential of Nigeria is
high and it currently accounts for about 29%
of the total electricity power supply in
Nigeria. The first and large hydropower
supply station in Nigeria is located in Kanji
on the river Niger, in Niger State where it has
an installed capacity of 836 MW and it also
had provisions for more expansion to 1,156
MW. The second largest hydropower station
is located in Jebba, Niger state with an
installed capacity of 540 MW, for rivers
Shiroro in Kaduna State, Ikom in Cross River
State and Makurdi in Benue state estimated
their total capacity to about 4,650 MW. The
Mambila Plateau rivers estimate was put at
2,330MW (Aliyu and Elegba, 1990)
Sustainability is a critical goal for Civil
Engineers, human activity, construction

projects and national development. Energy

Sources like biomass (wood), oil and gas are
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indiscriminately consumed in Nigeria with
little consideration for sustainability. Proper

development of crude oil through indigenous

technology has become an albatross due to
political instability, lack of effective policy,
regulatory instability and corruption in the oil
sector (Oyebode, 2019).

The technologies for harnessing wind energy
have, over the years, been tried in the
northern parts of the country, mainly for
water pumping from open wells in many
secondary schools of old Sokoto and Kano
States as well as in Katsina, Bauchi and
Plateau States. Other areas of “potential
application” of wind energy conversion
systems in Nigeria are in Green electricity
(which is the type of electricity produced
from  renewable source that is
environmentally friendly and non-polluting)
production for the rural community and for
integration into the national grid system
(Agbetuyi et al., 2012).

Sustainability is a critical goal for Civil
construction

Engineers, human activity,

projects and
national development (Oyebode, 2019).

All Engineering Infrastructures are subject
to aging, wear and tear in the performance of

their functions and deterioration by exposure
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to outside operating environment (Oyebode,
2018).
The scale and

large predominant

consumption of fuel-wood has been

identified as contributing significantly to the
environmental problems of soil erosion and
desertification. Other serious hazards include
respiratory and visual disorders. There is
great potential in alternatives to traditional
fuelwood based technologies (Igbinovia,
2014).

Sustainable energy transition is generally
understood as a concept of developing robust,
effective and efficient energy sectors in a
particular country or region without
compromising the present and future socio-
environmental security. The United Nations
General Assembly in September 2015
adopted the 2030 agenda for Sustainable
Development which includes a total of 17
Sustainable Development Goals (SDGs). Ina
sustainable environment, clean water and
sanitation (goal 6) is non-negotiable, and this
directly affects the aquatic life (Goal 14) and
life on the land (Goal 15). Quality of life in
the water and on the land is a direct indicator
of a healthy environment and active climate

change actions (Goal 13). The coupling

between sustainable energy and quality
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education (Goal 4) may appear evasive, but it
is significant (Adewuyi et al., 2020).
The social and

economic, solidarity

implications of energy poverty are becoming

massive, especially in regions where the
income level is low and the average cost of
modern energy technology is relatively high
such as the sub-Saharan Africa (Meyer et al.,
2018).

Energy justice deals with the agreements and
decisions on who bears the costs and the
inevitable burdens of energy transition or
integration of new energy facilities. The issue
of energy justice should be more of an
intrinsic concern in Africa compared to other
industrialized and developing economy such
as Indian, China, Japan, Taiwan and so on

(Sovacool et al., 2019).

The five cardinal targets from sustainable
energy production point of view are
identified to be: reduced carbon dioxide
emissions, ecologically friendly process,
energy transition security, reduced energy
production cost and massive integration of
green energy technologies. All the listed five
targets are directly promoting a better
environment while improving economic
security. Sustainable energy transition is

generally understood as a concept of
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developing robust, effective and efficient
energy sectors in a particular country or
region without compromising the present and
future socio-environmental

(Adewuyi et al., 2020).

security.

The National energy supply is at present
almost entirely dependent on fossil fuels and
firewood (conventional

energy sources)

which are depleting fast. Despite the
abundance of energy resources in Nigeria, the
country is in short supply of electrical power.
Access to reliable and stable supply of
electricity is a major challenge for both the
urban and rural dwellers. Only about 40% of
the nation's over 200 million people have
access to grid electricity and at the rural level,
where over 70% of the population live, the
availability of electricity drops to 15%. An
analysis of Nigeria's electricity supply
problems and prospects found that the
electricity demand in Nigeria far outstrips the

supply, which is epileptic in nature.

According to the World Bank’s 2020 Global
Gas Flaring Tracker, a leading global and
independent indicator of gas flaring, Nigeria
is the seventh-largest gas-flaring country
globally. The country is surpassed only by
Russia, Iraq, Iran, the United States, Algeria

and Venezuela. All seven countries have
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continued to light up the global map for nine
years running. In 2020 alone, natural gas
valued at $1.24 billion was burned by oil
companies, one which could generate the

annual electricity use of

804 million Nigerian citizens (Romsom and
McPhail, 2021; Yusuf, 2021).

The Nigerian government can curtail the
huge financial loss and environmental
degradation that accompanies the process of
gas flaring with sufficient regulation of the

gas industry (Adekomaya et al., 2016).

Sufficient amount of useful energy can be
harvested from the flared gases by making
proper investments on modern and highly
natural

efficient gas-fired

The

electricity

production technologies. existing
Nigerian power system is highly unreliable
both in content and in essence; the generation
and transmission capacities are grossly
insufficient, and the distribution network is
outdated and inefficient. As a result of this,
energy losses, (load

planned outages

shedding) and forced outages (voltage
collapses)

(Oyedepo, 2012).

are everyday experiences

METHODOLOGY
Secondary data analysis was used in this

research to analyze the data collected from
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the various literatures and documentary
archives. The other documentary sources
from the International Energy Agency (IEA),
Energy Information Administration (EIA),
and the World Energy Council (WEC) only
have useful evidence and records for the
situation Nigeria.

With an estimated population of close to 200
million people, as of late 2018, Nigeria
remains the most populated African country.
Located in West Africa sub-region along

BT P

- o

Latitudes 4°N and 14°N, and Longitudes
spanning from 3°E to 8°E and Nigeria covers
about 923,768 km? of the world area. Figure
1 indicated existing transmission line system
in Nigeria. The quantification and very poor
utilization levels of some of the energy
resources within Nigeria’s border are very
important. Table 1 presented -electricity
distribution companies and the state of their

network in Nigeria.

[
g{

P e e | L

Figure 1. Map of Nigeria showing existing transmission line system. Source: (Oladipo et al., 2018)
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Table 1: Electricity Distribution Companies and the state of their network in Nigeria

Hams of | Camer Purchas | Coweags Langth of s Distrbutc | Capacty | Paak
company & olus n bosses | (W) Load
(&1 %) Damand
Mibon} Cabia: Total (M)
IV | 11KV | Ly oKV | 1K | LV
¥
Abuja Kann 184 FCT, Niges, Kogi | 3312 | 3804 | 3520 Q 355 |22 | 11353 | & 313 BES
Consortum and Masarawn
Uity Comipany
m = el r-ra "=
Eanin Vigeo Power | 129 Edo, Daka, Ondo | 4,133 | 5188 | 12578 | 11,148 | 132 | 150 | 33,305 | 21 2 100
Coonaormum and Ekai
Eke West Powsr & | 135 Lages South 545 2347 | 3080 | 17 482 |om2 | 7913 | 18 Ted 1108
Gas
Erugu Intsraite 128 Enugu, Abla, | 4002 | 3210 | 20538 | 4 e |33 | W3 |8 [.3F mr
Ebsctrics Lirnited o,  Anambea
and Ebonyi —= —_—
padan Integrated 109 Oyo, Ogun, Ogun | B0 | 4504 | 11401 | O 452 | 407 | 24852 | B (1] 1183
Energy and Kwara
Distrbution  and
Morketng
Cgempary
| Buaga NEDGHREPGO 13 Lages Mot L | 2730 | 5742 | 12 10 | 2 | 38547 | 18 854 1335
Jod Aura Enengy Ltd | B2 Plateau, Bauchi, | 3030 | 1,395 | 12152 20 58 17553 | 22 e so7
Baruss and
Gombe . - -
Eaduna Cahalian Power | 58 Kb, Doka, | 1,533 | 1,814 | 8535 s 145 | 93 [R5 o5 34 520
EPYV L (Mo Guzay, Mak
fully privatized
vt
Ko Cahalian Powsr | 137 Kb, Jgawa | 3,583 | 1253 | 2351 4 158 | 17 7384 il s 5o
= SPY Lid and Hatsna = =
Fon 4 Power | 124 Foavars, Cross | 8,700 | 9747 | na m.a. na. | na 1558 | na 488 Trd
Harcoun | Consortum R, Bayeiza
and Akwe lbom
Yoia Insegrated -] Yela, Adamawa, | 8,781 | 1407 | 21485 | Q 2 -] 1880 | 22 138 e
Enargy Borno,  Taraba
Digtrbution and and Yobe
Markatng
Comparny
"Clate governments are shareholders in the DISCO that operates in ther teeritory, ke aleo counts with a private stakeholder. Sohara Eneegy

“Table created only lor indecatve purpasss. The inlormation nciuded might not be complete of up 1o date

Countries all over the world are devising

efficient technologies and formulating

enabling policies towards encouraging
significant levels of penetration of clean and
cheap alternative energy sources into their
energy mix. Significantly, issues that
surround energy poverty analysis are broad
as they also include the level of mass

illiteracy and the socio-economic status of
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citizens. However, there is not yet an
adequate and reliable approach for meeting
the huge energy deficit of Nigeria and the
entire SSA region. The average power per
capita in SSA is about 32.6 Watts per hour
per head; this reflects a gross case of energy
poverty compared to other parts of the world

as shown on Table 2.
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Table 2: Average power per capital for some countries

Countries W/h/head Countries W/h/head
USA 1377 NIGERIA* 14
CANADA 1704 TOGO 16
CHINA 492 BENIN 10
AUSTRALIA 1112 GHANA 39
JAPAN 841 IVORY 27
COAST

FRANCE 736 EQU. GUINEA 13
MALAYSIA 483 CONGO DR 21
ISRAEL 835 S. LEONE 3
SWITZERLAND 809 CAMEROON 28
INDIA 128 CHAD 1

Source: (Adewuyi et al., 2020; CAs, 2018)

4. CHALLENGES ENCOUNTERED IN
THE UTILIZATION OF VARIOUS
SOURCES FOR EFFECTIVE ENERGY
MIX

Global consumption of commercial forms of
energy has increased steadily over the last
four decades and has been recently marked
by especially dramatic growth rates in many
developing countries. Challenges facing this
aspect of energy mix include issues linked
with climate change, lack of technical
excessive demand with low

knowhow,

supply of energy, lack of proper education,
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inadequate utilization of renewable energy,
lack of equitable energy distribution in
geopolitical zones and level of poverty in the
country. Some of the factors attributed to the
effective

current shortfall in

policy
implementation are poor tariff system which
has led to huge cash deficits in the market,
outdated metering and market monitoring
structure which has contributed heavily to
financial loss through illegal energy drain.

Economic and financial barriers might be

another major issue to contend with the
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development of renewable energy systems in
Nigeria.

A major constraint to the development of the
renewable energy market in Nigeria is the
poorly established standard and quality
control of locally manufactured and imported
technologies.

One of the challenges of this effort is the
absence of a legal framework to regulate the
industry. National government policies
formulated for the development of renewable
energy sources need to be strengthened.
Many of the Government of Nigeria energy
initiatives are merely green paper policies
that lack the resolve to be taken into the
implementation realm. Other challenges are:
1. Inadequate energy infrastructure on
ground and its low local contents.

il Inadequate indigenous human and
manufacturing capacities.

1il. Shortage of funds for the investments
in energy development.

1v. Inadequacy of appropriate national
energy policies, plans and laws as well as
regulatory mechanisms.

V. Lack of good governance and mutual
confidence amongst African States.

5. PROSPECTS OF UTILIZATION OF
RENEWABLE ENERGY IN NIGERIA

Some of the prospects include the following:
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i.  Opportunities exist for national and
regional cooperation.

ii. Renewable energy resources have the
potentials to change the status quo of power
generation and consumption in the country.
and

Private  sector

be

11i. Multinationals,

individuals ~ will given the right
environment and encouragement in the form
of incentives and subsidized investments by
the Government of Nigeria to embark on
energy efficient projects through the
utilization of renewable energy solutions.

iv. Natural gas is more environmentally
friendly. The use of such traditional fuels as
wood and dung for cooking is inefficient and
generates extremely high levels of indoor
pollution. Accelerating the transition to more
expensive, but far cleaner kerosene, liquefied
petroleum gas (LPG), or electric stoves,
would dramatically reduce the exposure to
unhealthy levels of particulate pollution in
many developing countries

v. Human resource development, critical
knowledge and know-how transfer should
always be in focus for renewable energy
projects development, project management,
monitoring, evaluation, implementation and
actualization.

vi. Research and Development centers and
technology development institutions, like the

Universities, Polytechnics and colleges of
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education will be adequately strengthened to
support the shift towards increased renewable

energy utilization.

6. CONCLUSIONS

The most significant impediment to the
maximization of Nigeria’s potentials for
adequate socio-economic growth is the poor
condition of the power sector. A lot of
prospects and other benefits that can be
derived from coal, natural gas and
hydropower generation should be harnessed
for industrial use. Africa is endowed with
energy resources of oil, natural gas, coal,
hydropower, solar, wind, geothermal,
biomass, tidal and wave energy in its
territorial  waters,

All

which are unevenly

distributed. professionals and
stakeholders have to contribute their strategic
insights towards achieving sustainable
industrialization and demonstrating new
approaches for up-skilling and re-skilling key
professionals for effective energy mix in
Nigeria. Provisions of competitive energy
and improved technology by engineering
industries have copious advantages in this
regard. Energy management system and
optimization of available energy sources at
various geopolitical zones of Nigeria will
improve the system. Lack of technical

competence remained and may continue to be
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a major challenge towards the development

of renewable energy systems in Nigeria.

7. RECOMMENDATIONS AND WAY
FORWARD
Utilization of Coal, Natural Gas and Water
for sustainable power generation should be
encouraged for national economic growth
and provision of competitive energy in
Nigeria. There should be periodic review of
energy policies by relevant professional
bodies such as Nigerian Society of Engineers
and other stakeholders in energy sector for
better government regulation, reformation,
partnership and effective energy mix
utilization. Energy management system and
optimization of available energy sources at
various geopolitical zones of Nigeria will
improve the system. Utilization of Coal,
Natural Gas and Water for sustainable power
generation should be encouraged for national
economic growth and provision of
competitive energy in Nigeria. Reliable
system, effective funding and better
Environment for crowding-in private sector
investments in electricity sector should be
provided in Nigeria. Natural gas as a
transitionary fuel should be pursued to
replace coal and facilitate full deployment of
renewable energy in Nigeria. Government of

incentives and

ber 2021

Nigeria should provide
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mechanisms e.g., feed-in-tariffs, auctions,
bidding, self-generation, debt, equity and
energy targets, to increase the share of
renewable sources in the country’s energy
mix. Capacity building both at institutional
and personnel level for acquiring technical,
organizational, and managerial skills
required for increased development of

renewable energy should be encouraged by

the Government.
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Prospects and Challenges of Utilization of Coal, Natural Gas and Hydro (Water) for

Sustainable Power Generation and Provision of Competitive Energy in Nigeria

Adenubi, Solomon Adetola, MNSE, MSPEI, JP
Department of Petroleum and Gas Engineering, University of Port Harcourt, Nigeria.

ABSTRACT:

Nigeria is abundant in coal, natural gas and water resources. 2.7 billion tons of coal is laid
underneath Anambra Basin as sub-bituminous grade spanning across thirteen states, especially
Enugu, Kogi and Benue Districts with 3,500MW potentials. 200.79tcf gas reserves in Niger Delta,
with expected life-span of 88years (1850 bscf/yr production), portends excellent prospective for
gas-fired IPPs with 30,000MW potentials. This is achievable through conversion of PHCN plants
(Geregu, Alaoji, Omotosho and Papalanto) and NIPP plants (Calabar, Egbema, Ilhovhor,
Gbarian, Sapele and Omoku) to combined cycles while developing more privately-sponsored IPPs.
Rivers Niger and Benue, their numerous tributaries and several scores of small rivers/streams
have possibilities of 11,250MW large-hydro and 3,500MW small-hydro potentials. Nigeria’s
electricity prosperity can thus blossom if these resources are efficiently harnessed to meet her
demands of about 40,000MW for her technological advancement. Challenges in power sector
include low reliability of existing power stations, high-energy loss from technical losses,
overloaded transmission/distribution infrastructure, unpredictable rainfall/drought and negative
public perception.

1. INTRODUCTION installed generating capacity of 12,067MW,
Nigeria is endowed with sufficient energy only 6,840MW is available for distribution
resources to meet its current and future and is derived at an energy mix of 84% from
development requirements: it is gas province thermal and balance 16% from hydro-based
with proven reserves of nearly 200.79tcf. Her electricity. Over the last two decades, the
coal reserves are estimated to be 2.7b tons Federal Government has established quite a
while identified hydro-electricity sites have number of power plants and also licensed
an estimated capacity of about 14,750MW. private companies to establish independent
Nigeria also has other very significant power plants (IPPs) powered by natural gas.
resources to meet both traditional and The Federal Government also undertook
modern electricity generation. Of the current comprehensive reforms to address the
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electricity situation in the country. The
enactment of the Electricity Power Sector
Reform Act (2005), establishment of the
Nigerian Electricity Regulatory Commission
and the unbundling of PHCN are concrete
legal, regulatory and institutional steps that
have started to address the challenges of the
sector. PHCN has been unbundled into
eighteen different companies responsible for
power generation, transmission, distribution
and marketing.

1.1 History of Power Generation in
Nigeria

Electricity generation in Nigeria commenced
in 1896 while the then Nigerian Electricity
Supply Company (NESCO) began as an
electric utility company in 1929 with the
construction of a hydroelectric power station
at Kurra far near Jos (a small hydropower
project). The Electricity Corporation of
Nigeria (ECN) was established in 1951,
while the first 132KV line was constructed in
1962, linking Ijora Power Station to Ibadan
Power Station. The Niger Dams Authority
(NDA) was established in 1962 with a
the

potentials of the country. ECN and NDA

mandate to develop hydropower
carry out their various aspects of electricity
business from generation to distribution as
different entities until they were merged in

1972 by Decree 24 to form the National
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Electric Power Authority (NEPA) under one
monopolistic corporation. In 1998, NEPA
ceased to have an exclusive monopoly over
electricity generation, transmission,
distribution and sales and operates as a
government parastatal under the supervision
of the Federal Ministry of Power and Steel.
The Reform Act of 2005 unbundled NEPA
into 18 successor companies (under the
flagship of Power Holding Company of
Nigeria, PHCN) comprising of six
Generation companies, one Transmission
company and 11 Distribution companies.

1.2 Present Generating Capacity
Presently, Nigeria has an installed generating
capacity of 12,067 MW, out of which only
6,840 MW is available for use by the citizens.
The make-up of this include 40% derived
from NIPP thermal power plants, 34%
derived from former PHCN thermal power
plants, 15% derived from concessioned
hydro power plants and 11% derived from
other independent power producers. Existing
generating power plants consist of the
following:

Old gas-fired power plants at Egbin, Afam,
Sapele, Ughelli, Ijora and the hydro power
plants at Kainji, Jebba and Shiroro with a
total capacity of 5,200MW.

Niger Delta Power Holding Company new

thermal power plants at Geregu, Omotosho,
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Abasi-Ibom and Calabar, with a total

Papalanto & Alaoji, with a total capacity of
1,588MW.
NDPHC power projects at Gbaran/Ubie,

Egbema, Thoubor,

Sapele, Omoku, Ikot

capacity of 2,500MW.

Other IPPS managed by private sector

including Shell Afam, Agip Okpai, Ibom
Power, NESCO and AES Barges.

Table 1: Existing generating power plants in Nigeria

S/N  Name Year of Type of Installed Generation Available
Completion Fuel Capacity (MW) Capacity
1 Egbin 1985 Gas 1,320 931
2 Delta 1990 Gas 740 453
3 Odukpani 2013 Gas 561 70
4  Kainji 1968 Hydro 760 180
5 Afam VI 2009 Gas 980 559
6  Jebba 1985 Hydro 576 427
7  Geregu 2007 Gas 414 282
8 Shiroro 1989 Hydro 600 480
9  Okpai 2005 Gas 480 424
10  Olorunsogo 2007 Gas 335 244
11 Omotosho 2005 Gas 335 242
12 Omoku 2005 Gas 150 0
13 Geregu NIPP 2012 Gas 434 424
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14  Omotosho 2012 Gas 450 318
NIPP
15 Alaoji NIPP 2015 Gas 335 127
16 Rivers IPP 2009 Gas 136 166
17 Ibom Power 2009 Gas 142 115
18 AfamIV-V 1982 Gas 580 98
19 Sapele 1978 Gas 900 145
20  Olorunsogo 2012 Gas 675 356
NIPP
21 Thovbor NIPP 2012 Gas 450 327
22 Sapele NIPP 2012 Gas 450 205
23 AES Barge 2001 Gas 270 267
Total 12,06"MW 6,840MW
1.3 Nigeria’s Electricity Demands Master Plan suggested a most detailed

Nigeria should have a theoretical level of
demand of 200,000MW using developed
countries’ standards of end-point aspiration
of 1IKW demand per person. The Vision 20-
2020 put Nigeria’s electricity demand as
35,000MW while the Renewable Energy
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demand projections estimated peak current
electricity demand of 45,490MW. The ideal
electricity demand for Nigeria is about
40,000MW which must be sourced from her
coal, and water

abundant natural gas

resources.
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Figure 1: Estimated Electricity Demand in Nigeria

2. PROSPECTS OF UTILIZATION
OF COAL, NATURAL GAS & HYDRO
FOR POWER GENERATION

The Federal Government is constructing the
3,050MW Mambilla hydroelectric station
while the Zungeru 950MW hydroelectric
project is currently being worked out. The
PHCN owned Geregu, Alaoji, Omotosho and
Papalanto are to be converted to combined
cycle with funding from NIPP while the
NIPP plants at Calabar, Egbema, Thovhor,
Gbarian, Sapele and Omoku will also be
converted to combined cycle at a later stage.
The Gurara 30MW hydropower plant in
Kaduna State and the Kashimbilla 40MW in
Taraba State are being prioritized by the FGN
while the second phase of NIPPs, focused on

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

building hydro power generation plants, is
planned to add 4,000MW of generation.

It was also reported recently that the Federal
Government plans to add fifteen power plants
by 2037, leaping the power generation by
11,163MW. This will comprise of six coal
plants at Ashaka (64MW), Ramos
(1000MW),  Ashaka/TPGL  (500MW),
(500MW), Benue (1200MW)
and Enugu (2000MW) and nine gas plants at
Totalfinaelf/Obitex (420MW), Anambra
State IPP (528MW), Knox (501MW), Delta
State PP (500MW), Benco (700MW),
Kaduna (900MW), Fortune Electric two
plants  (1000MW)  and
(1350MW). In the nearest future, the

Nasarawa

Gwagwalada
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country's coal capacity for electricity

generation is expected to move from its

present zero value to 3,500MW; the natural
gas (thermal) plant’s capacity is expected to
increase to almost 30,000MW while the
hydropower capacity is expected to increase
from 1,900MW to about 7,200MW. Other
sources like nuclear energy and solar
capacity is expected to add to this capacity,
hopefully by 2030.

2.1 Use of Coal as a Competitive
Energy for Sustainable Power Generation
Nigeria’s proven coal reserves is about 639

million tonnes while the inferred reserves are

about 2.75 billion tonnes, these are scattered

as sub-bituminous grade in about 22 coal
fields spread within at least 13 states of the
federation, capable of adding 3,500MW.
Nigeria’s coal mining began around 1906
with a recorded output of 24,500 tons in 1916
which rose to a peak of 905,000 tonnes in
1958/59, and contributed 70% to commercial
energy consumption in the country.
Production was about 14,390 tonnes in year
2000 and coal only contributed about 0.02%
to commercial energy consumption in the
country in 2001, as compared to 31.9% for
oil, 61.9% for natural gas and 6.2% for

hydropower.

1,000,000

Coal Production

800,000

N
~S\

£00,000 / \
400,000

= Coal Production

200,000 / \

1880 1900 1920 1940 1960 1580 2000

2020 2040

Figure 2: History of Coal Production in Nigeria

The coal deposits of the Anambra Basin
contain the largest and most economically
viable coal resources. The Kogi Coal District
covering 225,000 hectares in the northeastern

side of the Anambra Coal Basin is delineated
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at a total of 123 million metric tonnes of coal
(Demonstrated) underlying an estimated
8,900 hectares. An additional 165 million
tonnes of coal classed as non-reportable

resource is projected to lie in the Ogboyoga
(NSE) November 2021
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area, with a coal thickness of approximately
2.0 meters. The Benue Coal District,
covering 175,000 hectares of the coal basin
and south of the Kogi District is delineated at
a total of 81 million tonnes with another 117
million tonnes of non-reportable coal
projected to exist at the west of the existing

drilling and an average coal thickness is

3.1meters. The Enugu Coal District, covering
270,000 hectares of the coal basin, south of
the Benue District supports the largest
amount of commercial mining in the past,
with a demonstrated coal resource of 49
million tones averaging 2.2 meters thick and
an additional 111 million non-reportable

tonnes of in-place coal.

Table 2: Coal Deposits in Nigeria

S/N Basin  District Area Area of Coal Coal Estimates
| hick
covered nterest thickness Demonstrated Non-
reportable
Anamb Kogi Coal 225,000 Ogboyog 2.0meters 123million 165million
ra District hectares a metric tonnes tonnes
Basin
Benue 175,000  Orukpa 3.1meters  8lmillion 117million
Coal hectares tonnes tonnes
District
Enugu 270,000 Enugu 2.2meters  49million 111million
Coal hectares tonnes tonnes
District
Total 253 million 393 million

From the foregoing, it appears that the Kogi
District and the Benue (Orupka- Ezimo)

District can each support a coal-fired power
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plant with ultimate capacity of approximately
3,500MW. These plants would be built in
phases to match the production buildup of the
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associated coal mining operations, with
several units in the size range of 500-700
MW. Based on the economics and logistics of
coal transportation, power plants are best
sited near the portals of the underground
mine where coal can be conveyed directly to
the generating facility. Nigeria’s coal
capacity potentials need to be effectively
harnessed into the country’s energy delivery
system and export commodity mix through
the development of a vibrant coal industry.
This can also be reinvigorated through
private sector participation, especially the
indigenous population.

2.2 Use of Natural Gas as Competitive
Energy for Sustainable Power Generation
Nigeria’s proven natural gas reserves are
estimated at about 200.79 trillion standard
cubic feet, a figure substantially larger than
its oil resources in energy terms. The current
reserves and present rate of exploitation gives
an expected life-span of Nigerian crude oil at
about 44 years (at 2Mb/d production), while
that for natural gas is about 88 years (1850
bscf/yr production). Thus, gas is a better

substitute for oil both for domestic needs and

foreign exchange earnings.

The following companies have responded to

the Federal Government’s persuasion to
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establish power plants:
thermal (30MW), Chevron Agura thermal
(180MW),
(136MW), ExxonMobil Bonny (388MW),
Agip Okpai thermal (450MW), Total Obite
thermal (450MW), Shell Afam (960MW),
Chevron Ijede thermal (780MW), Bayelsa
Koko Creek (40MWE), Rivers State Omoku
thermal (150MW) and Lagos State Lagos
Barge (270MW).

The
Commission (NERC) has

Negris Ikorodu

Rivers State Trans-Amadi

Nigerian  Electricity = Regulatory

also issued
outstanding licenses to prospective IPPs,
including Farm Electric Supply Ltd, Ota
(150MW), Ethiope Energy Ltd, Ogorode
(2,800MW), ICS Power, Alaoji (624MW),
Supertek Nig Ltd, Akwete (1,000MW),
Mabon Ltd, Dakinkowa (39MW), Geometric
Power Aba Ltd, Aba (1,000MW), Anita
Energy Services, Agbara (90MW) and
Westcom Tech, Sagamu (1,000MW). Others
are Bresson Nig Ltd, Magboro (60MW), First
Independent, (150MW),
Independent, Trans-Amadi (136MW), First
Independent, Eleme (95MW), Ibafo Power
Plant, Ibafo (200MW), Hudson Power Ltd,
Warawa (150MW), Shell Afam VI
(642MW), Ewekoro Power Ltd (13MW),
Ikorodu Industrial Power (39MW) and
Lekki (50MW). If

Omoku First

Westcom  Tech,

ber 2021
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constructed, all of these plants are expected
to feed into the national grid.

2.3 Use of Hydro as a Competitive
Energy for Sustainable Power Generation
Hydropower is derived from the potential
energy available from water due to a
difference in height between its storage level
and the tail water end to which it is
discharged. Despite its high initial capital
cost, hydropower provides one of the
cheapest and cleanest sources of electricity.
The Rivers Niger and Benue and their
numerous tributaries constitute the core of
the Nigerian river system, which offers a
renewable source of energy for large
schemes. In addition, several scores of small
rivers and streams do exist and can be

harnessed for small schemes.

The ECN estimates the large hydro potential
even at 11,250MW and the small hydro
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potential at 3,500MW, totaling 14,750MW.
The major national projects are the Mambilla
(3,050MW) and Zungeru (700MW) plants,
with others been Gurara I (30MW), Gurara II
(360MW), Iti (40MW) and Kashimbilla
(40MW). Likewise, the Ministry of Water
Resources has identified and carried out
studies on some of the completed and on-
going dam projects for hydropower. Nineteen
of these have the potentials for hydropower
generation with a total capacity of 3,557
MW. These dams include: Gurara, Oyan,
Ikere Gorge, Bakolori, Dadin Kowa, Tiga,
Kiri, Jibiya, Challawa Gorge, Owena, Doma,
Waya, Mgowo, Zobe, Kampe, Kashimbilla,
Ogwashiku, Zungeru and Mambilla. Only
about 13.50% the nation’s large hydropower
potential has been developed and only
60.58MW which represents about 1.70% of
the small hydropower potential has been

developed.
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Table 3: Existing Small Hydro Power in Nigeria

S/N State River Installed
Capacity(MW)
1 Oyo Ikere 6
2 Kano Tiga 6
3 Plateau Lere I & II 8
4 Sokoto Bakalori 3
5 Plateau Bagel [ & 11 3
6 Plateau Ouree 2
7 Plateau Kurra 8
Total 36

Small-scale hydro projects have the least

social and environmental effect, its

production is stable enough to supply an
industrial activity for the benefit of
surrounding communities (especially for
irrigation and electrification), it has the
lowest electricity generation price and it is
probably the easiest to design, operate and

maintain. But Nigeria has failed to utilize the
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various rivers in the country as SHP

potentials to increase the percentage
contribution of hydroelectricity to the total
energy mix (Igwuonu & Joshua, 2011).
However, numerous small installations can
bring major hydro-morphologic alterations to
river courses as well as changes to habitats
and land use, making production unsuitable

to protected and biodiversity-rich areas.
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Table 4: Small hydro Potential in Surveyed States of Nigeria

S/N  State Potential Sites  Total Estimate
Generation (MW)

1 Adamawa 3 28.6

2 Akwa Ibom 13

3 Bauchi 1 0.15

4 Benue 10 13.06

5 Cross River 3 3

6 Delta 1 1

7 Ebonyi 5 3

8 Edo 5 3.83

9 Ekiti 6 1.25

10 Enugu 1

11 FCT 6

12 Gombe 2 35.099

13 Imo 71

14 Kaduna 15 25

15 Kano 2 14

16 Katsina 11 234.34

17 Kebbi 1

18 Kogi 2 1.05

19 Kwara 4 5.2

20 Nassarawa 3 0.45

21 Niger 11 110.58

22 Ogun 13 15.61

23 Ondo 1 1.3
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24 Osun 8
25 Oyo 3
26 Plateau 14
27 Sokoyo 1
28 Taraba 9
29 Yobe 5
30 Zamfara 16
Total 240

2.62
1.06
89.1

134.72

724.019

3. Challenges of Utilization of Coal,
Natural Gas and Hydro for Power

Nigeria has an installed capacity of
12,067MW, but only 6,840MW is available
yet the huge discrepancy is blamed on some
many reasons. Ijora and Oji River thermal
plants based on coal have completely closed
down for lack of coal production and early
gas thermal units at Afam and Delta are
obsolete and needed replacement. Also, the
hydro power plants of Kanji, Jebba and
Shiroro that generate the highest volume of
electricity for the country probably due to
good reservoir management but suffered
seriously from silting and/or inadequate flow
of water into the dam and poor maintenance.
Egbin thermal unit suffered from disruption
of gas supply through vandalism and poor

management and maintenance by PHCN

staff. The poor performance of the power
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plants has led to acute shortage of power
across the country, with up to 2,700MW lost
due to gas constraints while about S00MW
are lost due to water management and several
hundred megawatts are regularly lost due to

line constraints.

The Nigerian electricity system s
characterized by non-availability of spinning
reserves; High-energy loss as a result of
technical losses; High initial capital cost of
installing hydro or thermal; Overloaded
transmission and distribution infrastructure;
Unpredictable rainfall/drought which affect
water supply to dams; High incidence of asset
vandalisation/theft; Substantial part of
revenue used to service overheads and Over
reliance on government subsidies. Others
include tariff regime that does not fully
recover cost; Unreliable billing and
inefficient collection; Inadequate metering of
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the energy chain; Unwholesome contracting

practices; Inadequate financial/business
controls; Financial indiscipline and Negative

public perception of the organization.

3.1 Challenges of Utilization of Coal

for Sustainable Power Generation

Specific challenges for the utilization of coal
for sustainable power generation include
Uncertainties in the actual coal reserves of
coal in the country; Low productivity of the
coal mines; Low level of mechanization of
production facilities and Absence of cost-
33 Challenges of Utilization of Hydro
for Sustainable Power Generation

Specific challenges for the utilization of
water for sustainable power generation
include Construction of dam been time
consuming and expensive; Hydropower dam
constructions disrupting natural ecology as
set by nature; Large volume of flowing water
required for efficient and effective operation;
Increasing public opposition due to
environmental and social impact of dams;
Adverse impact of climate change and
rainfall variability which causes severe
power disruption as a result of low water

levels; Issue of funding, as domestic markets

may be too small to justify investments and
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effective transportation system such as rail

system and port facilities for its export.

3.2 Challenges of Utilization of Natural
Gas for Sustainable Power
Generation

Specific challenges for utilization of natural
gas for sustainable power generation include
generation by thermal plants was less
optimum due to equipment failure; Lack of
adequate maintenance; Incessant disruption
in the

supply of fuel and Pipeline

vandalisation and theft.

Poor regional interconnections as major

impediment to export possibility.

4. CONCLUSION
RECOMMENDATION

AND

Nigeria is well abundant with enough coal,
natural gas and water resources, which if
harnessed  efficiently and  developed
promptly, Nigeria’s electricity prosperity can
blossom to meet and even surpass her current
demands of 40,000MW for her technological
advancement, despite some challenges been
faced. Possible ways to effectively utilize
coal, natural gas and water resources for
competitive power generation have been

discussed.
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Some recommendations include:

1. Federal government to reinvigorate
current initiatives by developing both
an integrated renewable-energy plan
and a systematic major increase in

market

of

mvestment in research,

development and regulation
renewable energy.

2. Government should reinforce and
lead the utilization of coal for power
generation and also encourage private
sector

participation,  especially

indigenous population.
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ABSTRACT:

The myriad of problems in the country Electric Power Sector has resulted in socio-economic problems —
negative impact on businesses, health and environment. Many medium manufacturing companies have
either relocated from the country or folded up resulting in huge unemployment. The few ones that manage
to exist rely on fossil fuel generators;, which impacts negatively on the health and environment. Nigeria
ranks 171 out of 190 countries of getting sustainable electricity with annual economic losses estimated at
826.2 billion — World Bank data. It is estimated that Nigeria requires 45,000MW of electricity in the year
2030 as against installed generation capacity of 12,522 M. This paper looks at the use of Islanding (also
known as off-grid or standalone) hybrid MicroGrid system to provide sustainable and resilient electricity
to typical off grid or rural dwellers without access to reliable electricity by harnessing the energy potential
of two natural resources (solar and wind) through effective data collection and system design.

Keywords: Islanding, Microgrid, Hybrid, Sustainable, Harnessing.

1. INTRODUCTION Due to dry and raining seasons weather
variations, the two renewable energy sources

(Solar and Wind) have different peak

Hybrid system is the integration of two or

more renewable energy sources to provide

. . .. . operating times. Solar has its highest
sustainable and reliable electricity. This can P g £

) ) ) ) irradiation in dry season -its peak operatin
be integration of conventional energy (fossil 4 P P &

ti d wind has its highest wind
fuel based) and renewable energy fhe ant wind enctgy has s ghest win

(Photovoltaic, wind, biomass, geothermal speed in raining season —its peak operating

.. o time. The t dt 1 t each oth
hydro etc). Traditionally, Nigeria energy fhe. The two nieed to complement cach othet

o . . . for seasonal variation. The integration of
generation is majorly a mix of conventional

Photovoltai d wind il
(thermal) and renewable (hydro). This paper OfovoTlale and wind enetgy witl ersute

. h ing of full potentials thereby reduci
focuses on optimizing the potentials of two AINeSSIng 0 potentia’s thereby recucing

over sizing of energy storage medium (such
renewable energy sources

(Solar/Photovoltaic and Wind) to provide as string of batteries) that normally occurs

: . .. with the use of single renewable source.
sustainable and reliable electricity to rural g
dwellers as well as locations without access The renewable energy potentials in Nigeria
to reliable electricity. by Akorede et al [1]; gives credence to the
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need for the use of hybrid renewable system
in Nigeria to maximize their full potential.
Though a lot of renewable energy source
projects have been executed by Rural
Electrification Agency (REA); the renewable
hybrid potential has not been explored.
Independent studies by W.O Idris et al [2]
and S.O. Oyedepo [3]

implementation of hybrid renewable energy

reveal that

source  in certain part of the country
especially in the North where wind speed and
solar irradiation are more favourable will
lead to reduce Net Present Cost (NPC) and
lower Cost of Energy (COE) and ensure
power stability and reliability.

2. RESEARCH
METHODOLOGY

DESIGN AND

The procedure for successful microgrid
system design and implementation are the
collection of renewable

data energy

potentials using software such as Weather
Spark, HOMER and effective sizing of
system components/equipments:photovoltaic
panels, Battery charger / charge controller,
Battery bank or string of batteries, inverter
(DC/AC), cables, Wind Turbine capacity.
The basic requirements for the system
components are the energy usage required by
the users and installation

per day
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environment etc. This process of effective
data collection and system design will ensure
nstallation,

hazard free operation and

maintenance implementation. HOMER
software is reliable software for the effective
design calculation of major renewable energy
system. We shall consider MS Excel in this
paper because of its economic benefit for the
design calculation of a small system. Small
system is defined as any system within the
range of 15 KVA — 20KVA or 12 KW —

16KW single phase.

2.1 Data Collection: Renewable Energy

Potentials

Data collection of hybrid Solar-Wind

renewable sources is essential to the
successful and economic implementation of

off-grid hybrid microgrid system.
2.1.1 Wind Potential

A study on the wind energy potentials for a
number of Nigerian cities shows that the
annual average speeds of about 2.2 m/s at the
coastal region and 4.5 m/s at the far northern
region of the count with an air density of 1.1
kg/m3. The wind energy intensity
perpendicular to the wind direction ranges
between 4.4 W/ m? at the coastal areas and

35.2 W/m? at the far northern region [4,5]
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Fig.1 Nigeria Wind Potential: Source: Europe PMC.org

2.1.2 Solar Potential hours with an average solar radiation of 3.5
There is sufficient sun intensity everywhere kWh/m? a day at coastal latitude and 7
in Nigeria for electricity generation. Nigeria kWh/m? a day at the far north

has an annual average daily sunshine of 6.5
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Fig 2: Solar Potential: Source: Global Solar Atlas 2.0, Solar resource data: Solargis.

2.2 System Components Sizing
Energy Calculations: It is mandatory to determine
or calculate the total energy or watt-hours

required by a typical user per day before the

sizing of system components. The table 1 shows
a typical rural dweller or off-grid user household
electrical appliances and average daily running

hours

Table 1: A typical rural dweller or off-grid user household electrical appliances and average daily running

hours
S/N  Appliance Rating (W) Qty Total Rating Running Hours/Day AEUD
1 Light (Bulb) 60 8 480 4 1920
2 Light (CFL) 15 8 120 4 480
3 Ceiling Fan 60 5 300 3 900
4 Air conditioner 745 2 1490 3 4470
5 Phone 7 4 28 3 84
6 Electric Iron 1000 1 1000 1 1000

Total Power

3,418 or 3.148 KW

Total AEUD 8854 WH or 8.854 KWH

Table 1 (Note: AEUD means Average Energy Usage per Day)

The calculation in table 1 above does not include load margin (within 10-25% range) and future load

increase (within 10-25% range).
2.2.1 Photovoltaic Panels

The number of photovoltaic panels required is
derived from AEUD (Average Energy Usage per
Day). The table 2 shows number of Solar panels
for the AEUD calculated in Table 1. There are

different sizes of solar panels (110, 250, 300 peak
wattage W,,). This paper used 250 Wp solar panel

in the calculation.

Table 2: Number of Solar panels for the AEUD

S/N AEUD(WH) Sun Power from Power Loss Actual Power Total of
Hours/Day  solar  panels inpanelsetc from all panels 250Wp Panels
(W) (W)
1 8854 6 8854/6 =1476 30 % 1476 x 1.3 = 1919/250=8
1919
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Total number of Solar Panels required
17

AEUD = 8854 WH

AEUDS Sun hours =

1ATE W Average sun hours /

day=6
Power to be supplied by Solar Panels =

MiE Wx 1.3=1919 W
Power loss in panels, cables and accessories
is taken to be 30%
Actual power demand from all solar panels

including all losses =
1919/250 = 7.676

Number of 250 Wp panels =
Table 3: The battery sizing.

There are basically three Photovoltaic
panels: Monocrystalline, Polycrystalline, and
Thin-film amorphous silicon.
Monocrystalline is most efficient among the
three and it is therefore selected for the design
2.2.2 Battery Capacity
The capacity (AH) of the battery required is
essential to the reliable supply of electricity.
The sizing of the battery should include de-
rating factors such as depth of discharge
(DOD), cable efficiency or power loss in the
cable, inverter efficiency. The table 3 below

shows the battery sizing.

S/N AEUD Autonomy Bus Battery De-rating Actual  Battery
Voltage Capacity(AH) Factors AH
1 8854 5 12 (8854x5)/12=3689.2 0.85x0.70=0.6 3689.2/.6=6149

Battery capacity required for the system 6149 AH
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DOD (0.3-0.9) based on mamifacturer data sheet. 0.85 was used for the calculation
with 70% efficiency (30% loss m the cables, mwverter, tilting angles shading and

accessores

Total de-rating factor = DOD x Efficiency

[ NS IS

Thocee = ATenacabh e il Jmeen ale .

RO R —— ————b - - —— e m ki Te

e ————

AETUD X Autonomy

085x0T0=x12

Actual Battery Storage Capacity required =

6149AH

200AH

Number of 200AH batteries required =

2.2.3 Inverter Sizing

The size of inverter is calculated thus:

System bus voltage chosen for the paper = 12V
Total power requirement from Table 1 = 3148 W

Required Inverter Power rating = 3148 x 1.1 =
3462.8 W

The inverter size required is 12V/ 3462.8 W
2.2.4 Charge / Discharge Controller

The charge controller is connected to the solar
panels. Its function is to prevent overcharging of
the batteries bank and reverse current flow. The
two basic types of charge controllers are Pulse
Width Modulation (PWM) and Maximum Power
Point Tracking (MPPT). The latter is more
efficient than the former; therefore, 12V MPPT
charge controller is chosen for this work.
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2.2.5 Cable Sizing

There are voltage drops in cables due to length of
runs, ampacity or current flowing in the cable,
and size of cable in mm’ The permissive
maximum voltage drop in cable is limited to 4%;
based on this, the maximum permissible voltage
drop in 24 V system is 1V (0.04 x 24V = 0.96V).

To achieve maximum cable efficient and limit the
voltage drop, the selection of cable size (mm?) is
given thus:

cable size (mm?®) = 0.08 x length of runs x
ampacity.

2.2.6 Wind Turbine Sizing

The theoretical power output ( Pr) of a wind
turbine is given by the equation:
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Pr= PxArxV?

OR03xPxATxV?

Where:
P = density of air (kg/m’)

At = Swept area of the wind turbine which is a
function of the blade length

V? = cubic of the wind speed

—— 3
Paval = 0.9pATV o Available power of the

Wind Turbine is govern by Betz limit as
expressed by power coefficient (C,) is given by:

16 or59%

Power coefficient (C,) is actually the turbine
efficient; which by Betz limit is

ap 112
P xj_lLE x VxCp
r=r—z SR e
Ll 17 449 4 RJ\'EILI"I

m

r = 7.0lm i.e wind turbine blade length should
not be less than 7 metres

The two basic types of wind turbine are
HAWT (Horizontal Axis Wind Turbine) and
VART (Vertical Axis Wind Turbine). The
turbine selected in this paper is VART: 4KW
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The power coefficient (C,) of wind turbine
manufacturer data sheet is the range 0.30 — 0.45;
C, 0of 0.40 is chosen in this paper for the sizing of
turbine blade.

The wind turbine blade sizing is done with the
data below:

Power required from wind turbine = 3148 W from
Table 1

Power coefficient (Cp) = 0.40
P [density of air (kg/m®) ] = 1.1 kg/m’

Average wind speed in Northern Nigeria = 4.5
m/s at 10m tower hub height

-------- swept area of the turbine
Where:

r =radius of the wind turbine swept area; r is also
the wind turbine blade length

with 7m blade length). The VART type is
selected because it has a low cut-in speed
(typically 2.1m/s), it can receive wind from
any direction, and it has a very simple design.

3. RESULTS

In this paper, design methodology and
procedure for the sizing and selection of
system components of Off-grid/Islanding
solar-wind hybrid system are considered. The
effectiveness of the renewable energy is
achieved by using more than one renewable
energy source. This will ensure that one
augment the other due to seasonal variation
or weather condition and reduce the number
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of batteries and the size of storage system
calculated in section 2.2.2.

The paper does not include the sizing and
selection of standby fossil fuel (e.g diesel
generator) which may be required for
emergency in critical areas like Intensive
Care Unit of hospital.

4. CONCLUSION
RECOMMENDATION

AND

The application of solar-wind hybrid system
for provision of reliable and sustainable
electricity to rural dwellers with no
connection to national grid has been
employed in this paper. This will ensure
sustainable development and improve the
living standard of rural dwellers —
employment opportunities due to increase in
the number of small scale businesses,
increase in health and recreational facilities.
It is more economical for government to
provide incentives to the users and importers
of renewable equipment than investing in
costly power infrastructure for remote
locations. Also renewable energy is
environmentally friendly because of its
reduction of carbon footprint.

This paper recommends that individuals and
Nigerian government should adopt hybrid of
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renewable energy source to reduce number of
storage batteries. It will be cost effective and
prevents environmental challenges
associated with the proper decommissioning
of batteries due to aging or attainment of their
lifespan.
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ABSTRACT

Energy access is vital to the development and improvement of rural living standards. The need for increased
energy access to enhance sustainable development and poverty alleviation in the rural areas of Nigeria
cannot be overstressed. Energy access facilitates economic development and subsequent improvement of
human living conditions. Increased energy access reduces the time spent by rural women and children
especially in collecting biomass for cooking thereby creating more time for women to become better
empowered to discharge their social roles and children to read their books. One key strategy to achieve a
sustainable increase in energy supply is the adoption of a proper energy mix. This paper reviews Nigeria’s
energy potentials and the impact of energy access on the development and living conditions of the rural
populace in the country. The paper concludes by proposing an appropriate energy mix that would enhance
rapid development and poverty alleviation in the rural areas of Nigeria.

Keywords. Energy Access, Energy Mix, Rural Development, Rural Electrification, Rural Poverty
Alleviation, Sustainable Development.

1. INTRODUCTION an estimated total population of about 200
Globally, rural areas are faced with challenges of million, 48.04% of which are in rural areas
shortages in energy supply. Lack of access to without access to electricity (Trading Economics,
energy makes it difficult for small-scale 2021). The government had the plan to increase
enterprises in rural areas to adopt new technology electricity access from 75% in 2020 to 90% in
that connects them to modern markets and value 2030 (FMPWH, 2015; Okoye et al.,2017) this
chains necessary for the growth of their dream is not being

businesses and subsequent improvement in their
welfare (IFAD, 2018). realized as a significant percentage of the rural

populace is still without access to electricity and

The absence of electricity in most rural areas in this has contributed greatly to the reduction in the
Nigeria has impeded socio-economic level of meaningful development and raised the
development and resulted in increased rural- poverty level among the people in the country’s
urban migration in the country. The country has rural areas (Iyabo, 2020).
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Energy access is necessary to achieve sustainable

development and reduction of poverty
worldwide. Energy availability stimulates job
creation, industrial  activities, = enhances
transportation and reduces poverty (Hussein &
Filho, 2012). In Nigeria, poverty has become a
major national challenge that must be addressed
through rapid development. Increased energy
access in the country is necessary to achieve
sustainable rapid rural development and
reduction of rural poverty nationwide. This study
is aimed at reviewing the energy potentials of
Nigeria and the impact of increased energy access
on the development and living conditions of her
rural populace.

Adequate electricity supply enhances output for
small-scale businesses engaged in activities such
as sewing knitting, welding etc. Electricity helps
power machinery for activities that take the place
of manual ones. Electrically-powered machines
have been proven to be more efficient and yield
higher revenue and profits than manually
operated ones. Businesses in areas with access to
the grid are known to be 16.2% more profitable
than those in areas not hooked up to the grid

(Akpan et al, 2013; Iyabo, 2020).

2. NIGERIA’S
POTENTIALS

Nigeria has an abundance of fossil and renewable

ENERGY

energy resources. Tables 1 and 2 show Nigeria’s
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fossil energy potentials and renewable energy
potentials respectively. It is estimated that
Nigeria’s oil reserve will deplete in the next 42
years while the gas reserve will last 120 years
(SEFORALL, 2016). The country also has plans

to harness its nuclear energy resource.

3. THE IMPACT OF ENERGY
ACCESS ON RURAL DEVELOPMENT

The International Energy Agency (IEA) defines
“energy access” as "a household having reliable
and affordable access to both clean cooking
facilities and to electricity, which is enough to
supply a basic bundle of energy services initially,
and then an increasing level of electricity over

time to reach the regional average" (IEA, 2021).

Energy access is necessary for the growth of the
economy of any nation. The standard of living of
a country is directly proportional to its per capita
energy usage. The latter is a metric for a country's
per capita income as well as its overall prosperity
(Rai, 2004).
In Nigeria, successive governments have
developed several policies to support their efforts
at improving the energy situation by

using renewable energy resources in rural areas.
Some of these policies are the National Energy
Policy (NEP) 2003, the Renewable Energy
Master Plan (REMP) 2005 and 2012 (Update),
Draft Rural Electrification Strategy and Plan
(RESP) 2015 and National Renewable Energy

and Energy Efficiency Policy (NREEEP) 2015.
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Yet not much achievement has been recorded in

electricity supply to these areas.

Table 1. Fossil energy potentials (Uzoma & Amadi, 2019)

Energy Type
Coal 600 million metric tons (Proven reserve)
3 billion metric tons (Inferred reserve)
Crude Oil 37.2 billion barrels (Proven reserve)
2.2 million barrels/day as at 2009 (Production)
Natural Gas 5.2 billion cubic metres (Proven reserve)

25% (Production)

Table 2. Renewable energy potentials (Uzoma & Amadi, 2019)

Energy Type

Hydropower 10,000 MW (Large-scale power estimate)
734 MW (Small-scale power estimate)

Solar 25.2 MJ/m’-day to 12.6 MJ/m*-day, North-South (Annual
average total solar radiation)
Average 6 hours daily sunshine has an energy capacity of
around 5.08*1012 KWH

Biomass 9,041,000 ha (9.9% of Nigeria’s landmass)

Wind 3.0 m/s to 5.12 m/s: South to North at 10m height (Average

wind speed)

4.51 to 21.97 watts per square metre apiece (Maximum
extractable power per unit area)

4. THE IMPACT OF ENERGY ACCESS

ON RURAL POVERTY ALLEVIATION
The relationship between energy and poverty is
established in the literature (USAID, 2002)
including World Bank reports (World Bank,

1996). World Bank report on economic growth
in countries like Colombia and Mexico, for
instance, shows that a 10 per cent improvement
in infrastructure can result in a reduction in

poverty level by three-quarters of a percentage
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point (World Bank, 2001). Access to affordable, economic growth and human development
reliable, and sustainable energy for all is the (United Nations, 2018). A look at Table 3 shows
seventh United Nations Sustainable Development that energy access achieves much of the
Goal. Access to modern energy stimulates Millennium Development Goals (MDGs).

Table 3. Energy linkages to the Millennium Development Goals (UNDP, 2015)

MDG

Energy linkages

1. Eradicate extreme poverty and hunger

2. Achieve universal primary education

3. Promote gender equality and empower

women

4. Reduce child mortality

5. Improve maternal health

6. Combat HIV/AIDS, malaria and other

diseases

7.Energy environmental sustainability

Employment generation, increased industrial development,
agricultural processing, refrigeration and transport of crops.
Lighting, television and communication can help improve
the delivery of education services and attract teachers to
isolated rural areas. Relieve physical labour so young girls
have time to attend school.

Women are responsible for most household cooking and
water-boiling activities. This takes time away from other
productive activities as well as from educational and social
participation.

Diseases and illnesses resulting from unboiled water and
indoor air pollution from traditional fuels and stoves directly
contribute to infant and child disease and mortality.

Women are disproportionately affected by indoor air
pollution and water and food-borne illnesses. Daily drudgery
and the physical burden of fuel collection and transport
contribute to poor maternal health conditions, especially in
rural areas.

Electricity for communication can spread important public
health information. Health care facilities require
illumination, refrigeration, sterilization to deliver health
services.

Cleaner energy systems and improved energy efficiency are
needed to address all detrimental effects of energy

production, distribution and consumption. National and
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local policies are needed to ensure the mitigation of

environmental impacts associated with the use of fossil and

non-sustainable fuel supplies.

8. Develop a global partnership for the

development

Partnerships are essential for increasing energy access and

supply to help meet the MDGs.

Ravago et al (2018) focus on the limited access to
electricity as a hindrance to improving the well-
being of poor families in the Philippines. It
provides a strong association between electricity
use and poverty in the country using data
evidence from some select families.

The presence of electricity can stimulate
economic growth at the different levels of the
nation’s economy. Poverty (whether income or
non-income) can be improved upon through
improvement in education and domestic tasks

brought about by the provision of a reliable
electricity supply (Ravago et al, 2018).

POVERTY LEVEL IN NIGERIA’S RURAL
COMMUNITIES

Despite Nigeria’s abundant natural resources, the
poverty level remains high. According to
available data, approximately 69 million
Nigerians lived in poverty in 2004, an increase of
more than 24 per cent since 1980 (Omonona,
2009). Nigeria’s national poverty profile for
1980-2004 is shown in Figure 1. The poverty
level has consistently risen since 1980, though the

value declined during the period 1985-1992 and
1996-2004. The national poverty rate was 65.6 %
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in 1996 and 54.4 % in 2004, according to national
poverty surveys conducted in 1996 and 2004. In
1996, the poverty depth (P1) and severity (P2)
were 0.358 and 0.207, respectively, while they
were 0.225 and 0.122, respectively, in 2004.
(Figure 2) (Omonona, 2009). Rural poverty,
however, was repeatedly much higher than urban

poverty

during the period, 1996- 2004. In 1996, over 70%
of rural households were poor, compared to only
58 % of urban households.

In 2004, urban poverty decreased at a quicker
rate than rural poverty, with 64 % of rural
families (a 6% decrease) and 15% of urban
households being poor (a 43 % decrease). The
other poverty indicators follow a similar pattern
(depth and severity). It's worth noting that, as
shown in Figure 2, rural households have a larger
incidence, depth, and severity of poverty than
national poverty estimates, whereas urban
households have a lower incidence, depth, and
severity of poverty. In 1980, the percentage of
poor people in rural areas increased from 28.3 %

to 63.8 %. (See Figure 1) (Omonona, 2009).

Within rural communities in 2004, nearly 45 per
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cent of families were unable to afford food while
nearly 20 per cent that could afford it lacked other

basic needs (Omonona, 2009).

20
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Figure 1. Trends in rural and urban poverty (1980- 2004) (Omonona, 2009)
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Figure 2. Poverty depth (P1) and Severity (P2) (Omonona, 2009).

ENERGY MIX LEADS TO SUSTAINABLE
INCREASE IN ENERGY ACCESS

The energy mix refers to the classes of primary
energy sources from which the different types of
energy consumed in the country were derived

(Paris Innovation Review, 2014). It describes the
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different energy sources that were combined to
meet a country’s energy needs (Wikipedia, 2021).
The energy mix is determined by the energy
resources that are freely available in a country
(TUTOR2U, n.d.). The choice mix is dependent
also on the country’s level of development.

Among developed and developing countries, oil
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and other petroleum products are commonly used
in transportation (Brazil uses more biofuels

derived from cane sugar). To ensure the

availability of electricity, each country chooses a
specific mix based on what resource is naturally
available and to counterbalance the cost of
importing that same resource. Many countries
like Japan, China and India, however, prefer to
import and burn coal due to its relatively low cost

(Paris Innovation Review, 2014).

Energy access depends on the level of energy
security, which is in turn determined by the
diversity in the energy mix. Diversifying the
energy mix through investments in renewable
energies enhances energy security and therefore
increased energy access. About 40 per cent of the
electricity used in the world today is derived from
coal. Coal is the main energy in use in Poland, the
USA and Australia. Norway, Brazil or Canada
rely mostly on hydroelectric power while France,
Sweden and Belgium depend majorly on
electricity generated from nuclear power. Most
countries adopt a mix that is highly diversified
being comprised of coal, hydro, gas and nuclear.
Most rural communities in the less developed
countries rely mainly on wood to cook food, boil
water and heat their homes. Unfortunately, this
practice contributes to deforestation and is
harmful to the climate. India has about 500
million people in its rural areas without access to

energy services. The use of locally sourced
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biomass and the increasing reliance on fossil
fuels there are contributing to environmental

challenges and climate change (GIZ, n.d.).

The Economic Research Institute for ASEAN and
East Asia (ERIA) defined the term “Best Energy
Mix” as “the combination of energy resources
available to a target community that achieves the
maximum positive impacts for the three pillars of
sustainability, namely, environmental, economic,
and social[aspects].” (ERIA, 2015, P.3). There is
no ideal energy mix because no country can be
said to have completely tackled the climate
change challenge. Every country depends
significantly on fossil fuels despite its emission of
large quantities of CO2 when burnt thus being a
major cause of global warming. Besides, fossil
fuels are not infinitely available (Paris Innovation
Review, 2014). Countries like France and
Sweden depend less on fossil fuels because they
generate electricity from hydro and nuclear

power plants.

NIGERIA’S ENERGY MIX

The government has since settled for renewable
sources such as biomass and solar to produce
electricity mostly for rural areas that cannot be
reached by distribution companies. The
government, through the Rural Electrification
Agency (REA), has in the recent past
commissioned some solar electrification projects
in some of these rural areas (ITA, 2021). Nigeria's

energy profile shows the following energy mix:
(NSE) November 2021
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biomass (81.25%), natural gas (8.2%), petroleum
products (5.3%), crude oil (4.8%), hydropower
(0.4%) and others (< 1%). It is expected that
nuclear energy will constitute 2.5% of the
electricity mix by 2025 and 4.5% by 2030
(Uzoma & Amadi, 2019). Reports show that
increased adoption of renewables in the
Senegalese rural areas resulted in decreased
biomass consumption, reduction in both
respiratory problems and infant mortality equity
as well as increased time for women due to a
decrease in time spent in gathering biomass for
domestic use etc. (Thiam, 2011). Nigeria’s rural
populace can experience the same. Interestingly,
the country has biomass, hydropower, solar, wind
etc. energy resources. In terms of sustainability,
reports on Europe and other parts of the world
indicate that renewable energy can produce
electricity to feed big industries. Given the
obvious low development and high poverty level
in Nigeria’s rural communities, strengthening the
energy sector and increasing electricity access in
these areas through increased investment in the
development and adoption of renewables is the
most viable way to stimulate rapid rural
development and facilitate the alleviation of rural
poverty. The increased adoption of renewables in
the nation’s energy mix is the best and the easiest

way to solving the country’s perennial energy

Crisis.

CHALLENGES OF RENEWABLE
ENERGY INTEGRATION IN NIGERIA
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Renewable energy adoption, development and
integration in Nigeria is faced with many
challenges including the following:

e The high startup cost is among the major
reasons for the low-level adoption of
renewable energy technologies in

Nigeria. The high initial investment cost
is affecting greatly the inclusion of more
renewables in the nation’s energy mix
(Oluwatoni, 2017).

e In addition to high initial investment
cost, shortage of funds is another major
factor affecting renewable energy
integration in Nigeria. For instance, the
Government had to cut the 2017 budget
allocations for power projects due to
inadequate funds. The Mambilla Project
was sliced from N950 m to N500 m, the
215 MW dual plant was reduced from
N5 billion to N4 billion, the Zungeru
power project from N1.3 billion to N1
billion and the Katsina wind farm from
N904 m to N804 (Oluwatoni, 2017).

e Despite lack of funds for integration of
renewable in Nigeria, most Nigerians
are unaware of the benefits of the use of
renewable energy to their social and
economic well-being. Many believe that
the country is not mature for the
adoption of renewable  energy

technology and that the technology does

not work (Oluwatoni, 2017).
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Worse still, Nigeria is good at reviewing
policies severally without passing these
policies into law. An example is the
biofuel policy which though severally
reviewed is yet to be passed into law.
Most Government policies even after
being passed into law are hardly
implemented and this creates doubts in
investors and discourages them from
making investments (Oluwatoni, 2017).
Notably, there is currently inadequate
incentives that could encourage private
investors to go into renewable energy
development in Nigeria. The existing
incentives are not as encouraging as
those for conventional energy sources,
the latter having been much incentivized
over the years. Besides, there is too
much bureaucracy in securing these
incentives especially the waiver on
import duty and this often leads to
importers paying unnecessary
demurrages (Oluwatoni, 2017).

The Nigerian government is not good at
starting and completing projects
including renewable energy projects.
The country suffers also from massive
corruption characterized by
mismanagement and embezzlement of
funds and these hinder the successful
adoption  of

renewable  energy

technology. Sometimes funds allocated

to projects are not accounted for. An
example is the N9.2 billion said to have
been budgeted for the clean cooking
stoves project but which is neither here
nor there (Oluwatoni, 2017).

The abundance of renewable energy
resources in Nigeria notwithstanding,
there is an acute shortage of indigenous
technologies for renewable energy
utilization and this makes adoption of
the technology more expensive as the
country has to depend on the importation
of these technologies. This is coupled
with a shortage of manpower with
cognate technical expertise in the
technologies (Oluwatoni, 2017).

Most of the renewable energy
technologies in Nigeria are imported
without a trademark certificate or logo.
This is possible because Nigeria lacks
national standards. Besides, the
renewable energy technologies market
is currently unregulated, thus the quality
of the imported renewable energy
technologies cannot be ascertained; not
even the Customs Officers know the
required codes that should be adhered to
by manufacturers (Oluwatoni, 2017).
Most times when there is a change of
government in Nigeria, many already
existing or planned projects are

abandoned by the  succeeding
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government. This is another reason for
the slow adoption of renewable energy
in the country. For example, the Katsina
wind farm project was initiated by the
Musa Yar’Adua government in 2010
only to be abandoned by Goodluck
Ebele Jonathan and resuscitated later
when the Mohammadu  Buhari
administration came to power in 2015

(Oluwatoni, 2017).

CONCLUSION AND
RECOMMENDATIONS

The proper energy mix is a key strategy for
enhancing energy availability and promoting
sustainable development and poverty alleviation
in rural areas in Nigeria. An appropriate energy
mix will help provide adequate clean fuels to
enhance basic household activities. Integration of
more renewable energy resources will also lead
to increased mechanized agricultural activities
due to the availability of liquid fuels and
electricity to the rural dwellers. This also will
facilitate the provision of clean and cheap
electricity to attract and encourage industrial
activities thus combating rural-urban migrations
by creating well-paying jobs (Goldemberg, n.d.)
while at the same time reducing poverty levels
among the rural dwellers.

Nigeria is rich in both solar and biomass energy
resources. Solar energy can be deployed to power
water pumping machines, water heaters, sewing

and knitting machines, refrigerators/cooling
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systems as well as crop drying machines in the

country’s rural areas. Biomass, like solar
photovoltaic (PV) cells, can easily be used off the
grid in rural areas. Biomass though harmful to the
environment but Federal Government can toe the
line of the Lagos State Government which in
2012 adopted biomass by converting municipal

waste to clean energy.

Government should develop and vigorously
implement a strategic policy framework for the
adoption of renewable energy so that the country
can take better advantage of the much available
renewable energy resources. This will enhance
energy access for education, portable water
provision, improved health centre services
thereby facilitating socio-economic development
and poverty alleviation by creating job
opportunities among the nation’s rural dwellers.
It is imperative hence to harness the non-fuel
wood biomass energy sources such as municipal
wastes as this will help reduce desertification
arising from the continued use of fuelwood in the

country.

This paper recommends that Nigeria adopts an
energy mix comprised of biomass (75%), solar
(9%), natural gas (8%), petroleum products (4%),
crude oil (3%), hydropower (0.6%) and others (<
1%). This will reduce deforestation and promote
the use of cleaner energy in isolated, remote and

rural areas of the country.
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The Nigerian government should encourage and
vigorously promote investment in clean energy
sources and make appropriate institutional
changes for transitioning Nigeria energy mix
towards renewables. Increased investment in
small solar PV installations, decentralized biogas
projects and mini or small hydropower plants will
contribute significantly to making electricity
available to the country’s rural areas. South-East
Mali adopted decentralized power plants to
supply mini-grids and the strategy resulted in to
increase in rural electrification rate ‘from 1% in
2006 to 11.9% in 2012 and 18% in 2014’
(Béguerie & Palliére, 2016, Para. 1).

The Federal Government should also encourage
the Local Governments and business developers
to get more involved in rural electrification as a

vehicle for the development of local industries
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ABSTRACT

Poverty has been described as a global challenge and its alleviation is among the international institutions
overarching goals. The UN general assembly of 2015 established sustainable development goal 7 (SDG?7)
to ensure access to affordable, reliable, sustainable and modern energy for all. Access to energy is a very
important pillar for the wellbeing of the people as well as economic development and poverty alleviation.
But, lack of access to energy is considered a core dimension of poverty. Although, Energy is not a basic
human need, but it is required as a crucial input for providing other essential human needs. The satisfaction
of these basic human needs and poverty alleviation efforts cannot be achieved without improving access to
better energy services. This study therefore evaluates how energy development improves household welfare
and socioeconomic status of rural dwellers. It further deals with the sustainability of rural livelihood
through the use of traditional energy source and energy policies to alleviate rural poverty were also
examined. The study findings established that the essential aspects of human welfare may improve only if
energy becomes available within the rural community.

Keywords. Energy, poverty alleviation, rural development, rural communities

understand that energy is among the most

1. INTRODUCTION . . _
important anti-poverty tools, an underpinning for

Poverty creates terrible human suffering and
other development goals. Yet energy access as a

wasted human potential, and it’s urgent that we i
way to fight poverty is often greatly

find solutions. Some solutions are obvious and ) ) ) )
misunderstood. Energy is crucial, but in the

widely popular, such as vaccines, free primary ) .
search for solutions it is important to understand

schooling and better nutrition. But we have also ) o

that energy supply is not a goal in itself, but only
come to .

a means through which peoples’ needs can be met

(Hussein et al 2012).
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According to Tisha Schuller and Seth Levey
(2018), No one would argue that a single light
bulb and cell phone charger are adequate to
eliminate poverty. As a first step, however, they
are critical. Light expands the hours available for
both working and education and eliminates the
burning of inefficient fuels that create health
problems. Chargers increase connectivity and
access to information. Economic development
truly begins when energy expands to transform
hard manual labor to other more productive
pursuits. True economic development begins
when energy can support farming, commercial
development and, ultimately industrialization.
Rural development is here refers to the physical,
economic, social, human, and institutional
changes that expand a communities capability to
provide a good quality of life to its people while
sustaining its natural resource base. Elimination
of hunger and poverty is certainly one of the most
fundamental objectives of rural development.
The system of traditional energy supply always
was and remains very much an integral part of
village life. Any change in energy use (e.g.
increased consumption) has far reaching
consequences on other aspects of life and the

rural environment.

Energy consumption levels of the majority of the
rural population in developing countries are
sufficient subsistence

only to  satisfy

requirements according to a study commissioned
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by United States Agency for International
Development (USAID). Modern sources of
energy are required for the improvement of living
standards of the rural community either by
helping to create jobs or by boosting productivity.
The principle of integrated rural energy strategy
is defined as developing all possible local
alternative resources of energy while rationally
utilizing the current sources. Agriculture can
have a major role in supporting rural livelihoods
and community development through provision
of locally sourced biomass energy. Wolfgang
Lutz (2004), reveal that, in rural areas where
almost 75% of the population lives, biomass
(primarily firewood) accounts for more than 90%
of energy needs. It may not be possible to replace
this entirely with more modern energy forms but
developing modern biomass technologies will be
a key element for addressing the needs of rural
areas. One of the important constraints is the
inability to wuse modern technologies and
renewable energy for decentralized power supply
due to inefficient policies. According to Stephan
Baas (1997), rural areas are facing two crucial
and related problems in the energy sector. The
first is the widespread inefficient production and
use of traditional energy sources, such as
fuelwood and agricultural residues, which pose
economic, environmental, and health threats. The
second is the highly uneven distribution and use
of modern energy sources, such as electricity,
petroleum products, and liquefied or compressed

natural gas, which pose important issues of
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economics, equity, and quality of life. Expanding
Access to reliable and abundant energy helps to
create safe and prosperous communities. To
support the creation of an increasingly prosperous
society, a modern energy system must be
affordable, sustainable, dispatchable, reliable and
scalable. For poor rural people to escape from
poverty, they must be able to improve their
livelihoods in ways that they can cope with, and
recover from stresses and shocks, while
maintaining and enhancing their material and
social assets and opportunities, both now and in
the future, without undermining the natural
resource base. Energy impoverished populations
lack access to modern energy services to meet
basic human needs. the

their Exploring

characteristics of this population requires

discussions of basic human needs, modern energy

services, and access.

2. SUSTAINING RURAL
LIVELIHOOD THROUGH
ENERGY SOURCES

Many rural communities do not have access to
electricity or other forms of energy despite the
available potentials of energy sources within the
communities. The bulk of the energy consumed
at the household level in rural areas is supplied
basically from traditional sources of forest wood,
dung and agro-residues. The role of agriculture as
a source of energy producer with a view to
strengthen and sustain effective energy supply in
rural area must not be ignored since rural

livelihood revolves around it. Consequently, for
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energy to be sustainable and improves the
livelihood of rural dwellers, the energy mix must
integrate all available sources of energy that will
place emphasis on the readily sourced renewable
energies of biomass, solar, wind and mini-hydro
energy. This forms of energy will provide remote
rural regions with the opportunity to produce
their own energy (electricity and heat in
particular), rather than importing conventional
energy from outside. Being able to generate
reliable and cheap energy can trigger economic
development; contribute indirectly to poverty
alleviation by improving productivity and
enabling income. According to Douglas and
Willem (1996), Agriculture can have a major role
in supporting rural livelihoods and community
development

through provision of locally

sourced biomass energy. Modern biomass
systems such as briquettes offer an economically
promising and environmentally sustainable
means of increasing access to improved rural
energy services. Biomass can produce all forms
of energy, electricity, gas, liquid fuels and heat,
and its exploitation can provide rural
employment, encourage people to remain within
their communities, increase profitability in the
agriculture sector and help to restore degraded
lands. A transition to modern energy systems,
some of which may continue to use traditional
energy sources but in new ways, needs to be
achieved if sustainable economic activity is to be
realized in rural areas. This is a slow process in
which traditional energy technologies will co-
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exist with a gradual improvement and
introduction of new technologies accompanying
the rural development process. This often
involves grid extension and off-grid such as solar
home systems into rural areas. Grid extension is
not economic for low density energy demands.
Low density demand arises from a combination
of the dispersed nature of the rural population and
the low initial electricity consumption in low
income households. Simply expanding supplies
of modern energy will not solve the problems in
practice, because even under the most optimistic
growth scenarios, many rural people in the
developing world are likely to still depend on
traditional fuels produced in rural areas. Hence,
an energy strategy for the rural community
should be designed to make production and use
of traditional energy more sustainable and
efficient while expanding and accelerating a
broader social transition to clean and efficient use
of modern fuels. High connection and wiring
costs can militate against households hooking-up
to grid supplies even where the supply has
reached their village (World Bank, 2000b).
However, to attain sustainable energy in rural
areas, all energy technology options are relevant:
renewable

energy, energy efficiency,

grid
extension, wind energy, hydro energy, diesel,
kerosene, LPG, modern biomass, municipal solid
waste, batteries, hybrids and inter-fuel
substitution etc. Rural energy development works
best when it develops functional linkages with

core rural businesses, in particular agriculture,
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forestry, traditional manufacturing and green
tourism. Rural energy development has to be well
integrated within rural economies. This means
that the choice and scale of projects reflects local
This

opportunities. golden rule should be

respected regardless of whether energy is
deployed for household use, environmental or to

create new employment opportunities.

3. EFFECT OF ENERGY
DEVELOPMENT ON HOUSEHOLD
WELFARE AND
SOCIOECONOMIC STATUS OF
RURAL DWELLERS

According to Singh (1999) Energy access within
agricultural activities has an important impact on
agricultural yield’s improvement, because energy
access in this sector facilitates irrigation,
harvesting, and post-harvesting activities which
lead to more mechanization of agricultural
process thereby resulting to increase food yields.
Although priority might be placed on electricity
for productive activities, such as food production,
agro-industries and small scale rural industries,
but the reality is that the household and
community needs for lighting, space and water
heating and small appliance power, need to
receive rather more attention. Poverty as adopted
by the 1995 Social Summit is viewed as a
condition characterized by severe deprivation of
basic human needs, including food, safe drinking

health,
(UN, 2009). The

water, sanitation facilities, shelter,

education and information

benefits of energy to basic human needs of
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lighting, health, education and communication at
the household level starts immediately through
lighting, which is the primary use of electricity in
most households, extended study hours for
school-going  children,  knowledge  and
information access through electronic media (TV
and radio), extended hours of operation for
income generating activities, and increased
productivity from electrically operated tools and
machinery. This can be achieved through easy to
access energy sources such as biomass, solar
power, off-grid electrification etc. There is a
variety of technologies that can convert biomass
into more convenient energy carriers, such as
gaseous and liquid fuels, process heat,
mechanical power or electricity, which can be
used in energy-efficient conversion devices (cook
stoves, electric lamps, motors, refrigerators, etc.)
to provide energy services. A multi- functionally
energized engine which can drives several end-
use devices such as cereal grinding mill,
dehusker, oil press, carpentry and joinery tools,
water pumping and mini-grid electricity can be
driven or powered by diesel or bio- fuels
produced from plants such as the Jatropha Curcas
plant. Rural areas produce abundant wood
supplies, crop residues, animal and human waste,
and agro-processing residues such sugar cane
bagasse, rice husks, cotton husks and groundnut
shells etc. can all be used particularly for process
heat or co-generation of energy. A decentralized
energy-generation mechanism based on solar

home system (SHS) through solar photovoltaics
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(PV) is another good means of promoting solar
power as part of achieving rural energy
development. SHS used for lighting, powering
fans and television sets, and charging mobile
devices and other electrical equipment etc.
provides immediate benefit on study behavior of
school going children, extending the working
hours and the health of all household members.
With solar-powered television, family members,
including women, gain access to knowledge and
information, which empowers them and helps
them acquire capabilities and social interaction
they did not have earlier. Families can earn
income through small scale businesses such as
hair saloon, renting out mobile phone—charging
services etc. will enhance a robust market for
socioeconomic development. Ultimately, solar-
powered electricity facilitates a virtuous cycle of
growth in household consumption and income.
Improved household incomes and better access to
social services by rural dwellers has a direct and

positive impact on poverty reduction.

4. ENERGY POLICIES
ALLEVIATE RURAL POVERTY

TO

Energy development can contribute to providing
improved livelihood for the rural dwellers and
alleviate poverty as well. However, widespread
diffusion of different energy-based systems faces
strong institutional, technical and financial
barriers that need to be overcome in order to
improve their contribution to poverty alleviation.

For successful rural development and poverty
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alleviation, partnerships and close interaction
between Governments, Civil Society, the private
sector and the poor themselves are needed. A
national energy policies need to be focused on
beneficiaries priorities and on affordability rather
than only on technology. This is also most
relevant for donor supported interventions which
must recognise the importance of community
involvement  in and

project  design

implementation. In this regard, government
policies have a great role to play to effectively
channel energy development programs in rural
area. A multi-sectoral approach to policy
formulation, project design and implementation
will have the greatest positive impact on poverty
reduction. In some cases central "top-down"
energy programmes have been imposed without
local community consultation, involvement or
support, and insufficient institutional structures
have led to disappointing results. Even in
deregulated markets, few financial incentives
exist for utilities to invest in rural energy
schemes, and central policy direction from the
government can  hinder rural energy
development. For example, independent power
generation is often not permitted, or is controlled
very tightly by government. Legislative and
institutional weaknesses can create barriers to the
development of local resources, and act as a
disincentive for private investors or entrepreneurs
to invest in rural energy markets. Making a
connection between rural

positive energy

development and local economic growth will
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require more coherent strategies, the right set of
local conditions, and a place-based approach to
deployment. Government policy should avoid the
problems of promoting particular technologies
implementation across all rural areas because
each community has area of cooperative
advantage in energy generation. They should
shift to providing technical assistance;
establishing regulations and ensuring policies
that encourage competition, development, safety;
and providing loans for energy products that are
in significant demand in rural areas.
Governments should ensure a liberal trade policy
for imported fuels, grid electricity and equipment
to be used by rural communities, including liquid
fuels

and renewable energy products and

components. Energy technologies such as
improved methods for biomass production and
use, solar-based agro-processing technologies,
batteries, micro and small hydro, biogas, wind
and ramp pumps should be encourage and
subsidized for by the government. The goal is to
provide a regulatory environment that ensures
equal opportunity for different types of energy

services.

5. CONCLUSION
No doubt, the mechanisms for the delivery of
energy to rural communities are full of
constraints. But they are also full of options.
Energy’s most efficient contribution to poverty
alleviation may be as input to other activities and
as an enabling factor. Access to modern energy

services can contribute directly to poverty
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alleviation by improving the quality of life and
effective social services delivery through better
lighting (for home, school, event and social
centers) reliable heating, access to cleaner
cooking fuels and safe drinking water,
refrigeration of vaccines and other medicines,
sterilization of equipment in health centers, and
improving their employment prospects. The
provision of energy to rural communities must be
examine in the context of the needs of

beneficiaries to generate income, improve their
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Abstract: An improved plate theory is applied for the buckling analysis of three-dimensional isotropic
rectangular thick plate with all edges simply supported (SSSS) subjected to a uniaxial compressive load. In
the analysis, both trigonometric and polynomial displacement functions were used. Total potential energy
equation of a thick plate was formulated from the three-dimensional constitutive relations. Thereafter, the
compatibility equations for the determination of the relations between the rotations and deflection were
obtained. In the same way, governing equation was obtained through minimization of the total potential
energy functional with respect to deflection. The solution of the governing equation is the function for
deflection. Functions for rotations were obtained from deflection function using the solution of
compatibility equations. These functions, deflection and rotations were substituted back into the energy
functional, from where, through minimizations with respect to displacement coefficients, formulas for
analysis were obtained. The proposed method obviates the need of shear correction factors which is
associated with Mindlin’s theory for the solution to the problem. From the previous studies in the literature.
it is found that incomplete 3D or 2-D theorv (refined plate theories) was used for the analysis, but for a
typical thick plate analysis, a typical 3-D plate theory is required. The proposed method applied 3-D theory
in the analysis to obtain the exact displacement function derived from the compatibility equation obtained
from the elastic principle, unlike previous studies that used an assumed displacement function, and thereby
over-predict the buckling load in the plate. The values of critical buckling loads obtained from the present
study are in agreement with those obtained in the past studies using 3-D theory but varied with those of
refined plate theories (RPT) by 7.70% signifying the coarseness of the RPT. Thus, confirming the accuracy
and reliability of the derived relationships.

Keywords. 3-D plate theory, compatibility governing equation, critical buckling load, trigonometric and
polynomial displacement functions
loading causes a plate to buckle or become

1. INTRODUCTION elastically unstable. The commencement of

The use of thick plate materials in engineering is
on the increase over the years due to its
attractive properties such as light weight,
economy, its ability to withstand heavy loads
and ability to tailor the structural properties.

The plates are mostly subjected to transverse and
compressive loads acting in the middle plane of
the plate. When a plate is subjected to axial load
applied at the boundary parallel to the mid-plane
of the plate and distributed uniformly over the
plate’s thickness, the state of loading is called an
in-plane compressive loading [1]. In-plane
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instability is called buckling [2]. Critical
buckling load is the greatest load which causes
an axially loaded plate to lose its stability. If the
in-plane compressive load applied to the plate
are further increased beyond their critical values,
very large deflections and bending stresses will
occur which will eventually lead to complete
failure of the plate. To avoid failure of the plate,
relatively more accurate and practical studies on
stability analysis of plate are required.

The classical plate theory (CPT) based on
Kirchhoff assumptions [3] is normally used to
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plate analysis. It was discovered the solutions
based on the classical theory agree well with the
full elasticity solutions (away from the edges of
the plate), provided the plate thickness is small
relative to its other linear dimensions. The
classical plate theory is inconsistent in the sense
that elements are assumed to remain
perpendicular to the mid-plane, yet the
equilibrium requires that stress component

Tz and T,,, which would cause these elements
to deform still arise. In other words, the thin
plate model still makes the assumption that
normal stress and strain along the z axis

(&, and G,) are zero. It was also assumed that
the transverse shear stress (7y, and 7,,) are
zero. This assumption has discovered to have
introduced errors, hence does not offer a very
accurate analysis of plates in which the
thickness-to length proportion is relatively large
[4-6].

When the plate is relatively thick, one is advised
to use a 3-D theory, for example one of the shear
deformation theories. In the mid-1900s, the
Mindlin shear deformation plate theory (or
moderately thick plate theory theory) was
developed to allow for possible transverse shear
strains. In this theory, there is the added
complication that vertical line elements before
deformation do not have to remain perpendicular
to the mid-surface after deformation, although
they do remain straight [7-10]. This moderately
thick theory plates are discovered to be more
consistent compared with CPT, but it still makes
the assumption that the normal stress along the z
axis (o) is zero. The theory also assumed
transverse shear stress to be constant through the
thickness of the plate, which violates the shear
stress free surface conditions on the top and
bottom surfaces of the plate [9 and 10]. Mindlin
plate theory is a first order shear deformation
theory (FSDT), thereby require a shear
correction factor in the kinematics formulation
to satisfy constitutive relations and achieve
accepted transverse shear stress to the thickness
of plate variation.

In [10], the authors applied assumed the
hyperbolic shape function in their work on, the
bending and vibration equations of thick

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

rectangular plates while authors in [11], studied
the buckling and vibration analysis of thick
rectangular plate. Both authors in [10 and 11]
used FSDT in their analysis. The FSDT has a
limitation of inclusion of a shear correction
factor. In avoiding shear correction factor and to
get the realistic variation of the transverse shear
strains and stresses through the thickness of the
plate for improved reliability in the thick plate
analysis, a higher order shear deformation theory
(HSDT) were implored [12-15]. This HSDT, is
an incomplete three-dimensional analytical
approach because it does not include all the
stress and strain in the plate, rather it neglect the
strain and stress along the thickness direction

(& and o). Authors in [17] used both first order
shear deformation theory (FSDT) and higher
order shear deformation theory (HSDT) in their
analysis.

Previous scholars have studied the thick plate
analysis using the incomplete three-dimensional
theory for buckling [16-21]. This thick theory
plates is discovered to be more consistent than
Mindlin’s theory (FSDT) but it still poses a
limitation of zero vertical stress (c,) and strain
(&). In [16], the authors studied, stability and
vibration of isotropic, orthotropic and laminated
plates. They applied the higher-order shear
deformation theory to obtain the governing
equation for the buckling analysis of thick
rectangular plate. They also performed the
vibration analysis for both isotropic and
orthotropic plates, while the authors in [17]
studied the buckling and vibration of plates
using hyperbolic shear deformation theory
(HSDT).

In [18], the authors studied, buckling analysis of
thick isotropic plates subjected to uniaxial and
biaxial in-plane loads using exponential shear
deformation theory (ESDT) and assumed
exponential functions as their displacement
functions. Another study was carried out by the
authors in [19] using refined trigonometric shear
deformation theory (TSDT) to obtain the
buckling load of thick isotropic rectangular
plates.
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Authors in [20], used orthogonal polynomial
displacement functions (OPDF) and a
polynomial shear deformation function f (z) in
the buckling analysis of isotropic thick
rectangular plate subjected to uniaxial in-plane
compressive loading, Nx. The same type of
function (polynomial displacement shape
function) was also applied by the authors in [21],
in their work, the free vibration and stability
analysis of thick isotropic and orthotropic plates
with SSSS and SSFS support conditions were
performed by applying the alternative II theory.
Alternate II theory is perceived a shear
deformation theory whose kinematics
formulation involves the addition of the classical
and shear deformation parts of the in-plane
displacements to give the total in-plane
displacements. This theory is an improvement
on HSDT and FSDT as it obviates the need of a
shear correction factor. Meanwhile, literature
[22] proves that the formulated Alternative I1
relationship introduces some error in the result
of the analysis. The Alternate I theory
formulation circumvents the inclusion of
classical plate theory part of the in-plane
displacement in the formulation of the total in-
plane displacement kinematics. This Alternative
I theory is an improved FSDT (without shear
correction factor) which is proved to be an
improvement of the Alternative II theory [22] in
the thick plate analysis.

From the previous studies in the literature, it is
found that incomplete 3D or 2-D theory was
used for the analysis, but for a typical thick plate
analysis, a typical 3-D plate theory is required.
A typical 3-D plate theory involves all the six
strains (ex, €y, €2, Yayr Vaz AN Yy, ) and stress
(O’x, 0y,02 Ty, Tyz ANd Ty, ) components,
unlike the FSDT and HSDT plate theory which
assumed that the strain normal to the x-y plane
(0,) is so small that it can be neglected. ie. (0, =
0). Furthermore, it is recorded that both
Mindlin’s theories (FSDT) and other higher
shear deformation incomplete three-dimensional
analysis are approximations of the elasticity
three-dimensional equilibrium equations and
cannot be reliable for thick plate analysis. This
gap in the literature is worth filling.

In this research, an improved shear deformation
theory (without shear correction factor) was
applied in the three-dimensional (3-D) plate
analysis under uniaxial compressive uniformly
distributed load. The aim of this work is to study
the exact three-dimensional stability analysis of
thick rectangular plates with all edges under
SSSS boundary conditions to determine the
critical buckling load using the direct variational
energy method.

The symbol w denotes deflection, the symbol u
denotes in-plane displacement along x-axis, the
symbol v denotes in-plane displacement along
y-axis, the symbol 6, denotes shear deformation
rotation along x axis, the symbol 8,, denotes
shear deformation rotation along the y axis, the
symbol &, denotes normal strain along x axis,
the symbol &,, denotes normal strain along y
axis, the symbol €, denotes normal strain along
z axis, the symbol y,,, denotes shear strain in the
plane parallel to the x-y plane, the symbol y,.,
denotes shear strain in the plane parallel to the x-
z plane, the symbol y,,, denotes shear strain in
the plane parallel to the y-z plane.

2. METHODOLOGY
Considering a section of plate in figure 1 under
axial loading, the stress-strain relationship are
analyzed by applying the established
displacement and strain-displacement relation, to
determine the value of stresses in the plate using
generalized Hooke’s law.

0y or 6, Toj
Total
deformation ’/ g
/\<\
Middle Bottom
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Using trigonometry, the relationship between the
rotation along x-axis and y-axis (0, and 0,,),
and displacement at x-axis and y-axis (u and v)
are expressed as:

0
_ Ju
T 0z

6y

ov
"~ 0z
Assuming that the spatial dimensions of the
plate along x, y and z-axes are a, b and t
respectively. More so, the non-dimensional form
of coordinates are R =x/a, Q =y/band S = z/t
corresponding to X, y and z-axes respectively.

1 ow
%= 1e "3 oR
_caw
T adR

_ 1 ow
ST
_c ow
~aB’oQ

Where; the ratio of the length to breadth (b/a) is
denoted as B while the ratio of the span to
breadth (a/t) is denoted as a. The six stress
elements are given in Equation 5 to 10:

Ox
_ EtS - 66’x+,u a0,
Ta+wd-2wal "R T a0
Ha ow
St2° 35 ®)
Oy
_ EtS 6, (1-p) 96,
TA+pa-zma|” R T B 9Q
Ha ow
+F% (6)
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_ EtS 006, +/1 20,
T A+ma-zwal|” R "B 3Q
(1—-pwa ow
Stz S @
Txy
_ EQ-2uwtS 106,
21+ w1 —2wa’ B 9Q
20,
TR
€Y
Txz
_ E(-2wtS  [a N 1 aw]
20+ (A —2w)a ' lts ™ " tSOR
(2)
Tyz
B E(1—2u)tS 'ae N 1 6W]
20+ (A =2wa’lts Y T ptSaQ

Where:

the symbol u denotes poisons ratio, the symbol
E denotes modulus of elasticity of the plate, the
symbol o, denotes stress normal along x axis,
the symbol a,, denotes stress normal along the y
axis, 0, denoteé3tress normal along the z axis,
the symbol 7, denotes shear stress along the x-
y axis, the symbol t,, denotes shear stress along
the x-z axis, the symbol 7,,, denotes shear stress

along the y—Z(%is.

2.1. Equation of Energy Functional
The total potential energy function (//) is the
algebraic summation of strain energy (U) and
external work (V). That is:

17
=U
-V
That is:
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96, ) 106, 96,

a-0 (3 T39R 90
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100, 206,
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szﬂ”[“‘“)(%) t39R 30
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+g(50) *2 05 T 5

(1 — wa? jow\>

t* (ﬁ) dR dQ

given that D* is the Rigidity for three-
dimensional thick plate, let
. Et3
T 12(1+ (1 - 2p)
1-—
_p 4w
(1-2p)

However, the external work for buckling load is
given as:

a b 2
_ abNxf f (OW) JR d
- 2a? R ¢
00
Where; N, is the uniform applied uniaxial
compressive load of the plate.

2.2. Equilibrium Equation
The minimization of the total potential energy
functional with respect to 6, and 8,, gives the
two equilibrium equation in the form of
compatibility equation as:

on
a0,
_D* abff[ %6, 1 0%6,
(1- % :
(12) /) ) 3R2 * 25 3R3Q
(1—24)0%6,

P
+W( 20, +aa—)]deQ
=0 (16)
61’[

11
_ D abff[l 026, (1—M)azey

“2a7 ) ) |28 ‘RIQ T g2 92
(1-2p) %6 y
6(12 2 )aR2 ow
RS a.ow
= ( 0+ﬁaQ)]deQ
=0 (17)

The solution to atibility equations is:
6(1—-2wW(1+¢) Efﬁp

2
c(1—p [0*w
T a2 9R2
1 9%w
+ﬁa_QZ> (18)
(14)

2.3.General Governing Equation
The minimization of the total potential energy
functional with respect to deflection (w) gives
the equilibrium equation (Governing Equation)
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along the z-axis as presented in Equation 19.
That is:

an
11
ff 12(1—2/1) ’w 1 9%w
=242 dR? 32'6(22
00
00, adb, (1—-pwa? 0*w
+a.—+ .
R ' B aQ t4 052
zN" o*w dR d
D* " OR? ¢
=0

Substituting Equations 2, 3 and 18 into Equation
19 and simplifying the outcome gives:

f 0*w 1 o0*w
2a40f0”<aR4 B2 0R?8Q? F'am)
(1 —-wa* 0w
gtt " 0S?

Nea 0wl e 40 = 020

Assuming the solution to be separable, it can be
written that: Hence, the two possibilities of
Equation 20 to be true is:

64W1 2 0wy 1 0*w,
9R* ﬁz 9R20Q? ﬁ4 20"

lea 02w,

gD* " OR?
=0 (22)
(1 —pwa* 9%ws

t* " 0S?
=0

Given that; w = wg. wy. ws and wy = wg.wy,
thus; Equations 22 and 23 are the two governing
equations of a 3-dimensional rectangular plate
subject to pure buckling assuming that the at the
extreme fibers (where S = £0.5) the straining of
the plate along z axis is allowed.

The solution to the governing differential
equation of 22 gives the exact deflection (w) and
rotation (6 and 6),) functions in trigonometric
and polynomial form as:
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w
Qo
=Ag[1 R Cos (c;R) Sin (¢;R)] Z; 1 Q Cos (¢;Q) Sin (
as
w
[90] [Pe]
|21 | | D1]
= A, [1 R R?2R3R*]|a2|.[1 @ 020Q30*] |b,|
Ila3J| |b3|
as lb4J
Or
(19) A2r Oh
a OR
Oy
_ Ay Oh
~apaQ
Where
Azr
oh
Azg
oh
=C AO %.AR

The constants ¢, Ay, Agand Agwhose values are
unknown, will aid the solution of direct
governing equation.

2.4.Direct Governing Equation
The minimization of the total potential energy
functional with respect to rotation coefficients
(Azg and Ayq) gives the direct governing
equation as presented in Equation 30 and 31:

[(1 — Wkgg +aé%§61 - ZH)kR(i
+6(1 - 2w (?) kR] Agp + [ﬁkm] Azg
- [—6(1

- ZH) kR]Al
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1
[2_,82 kRQ] Azr
[( 9 koo + 573 232 (1 = 2krq

t o °a —Z,u)( ) kQ]AZQ

=[__

Where

11 2
0%h
kRR = ff W deQ kRQ
00
a2h \*
a2h\’
<6_Q2> deQ;

1
f deQ; kg
0

O — HO\H
O OY——

II
O\r—no‘ﬂ_‘

1
of
Equations 32 and 33 are the solution to the
Equation 32 and 33:

Azr
= G4,
Azg
= G34,
Let:
Gy
_ (€12€23 — €13C23)

(c12€12 — €11C22)
G3
_ (€12€13 — €11€23)

(c12€12 — €11C22)

€11

= (1 —whkgr +
+6(1 ,
=200 (%) ks (36)

C22
_a-p

6"
+P((131)

~20 (%) kg (37)

1
25 (1 —21)kgg

1
2pB?

C12 = C1 = ﬁkRQ; C13
an 2
=—6(1-2u) (?) kg; 23
= C326
= _[?(1
20 (%) ky G8)

2.5.Direct Governing Equation
The solution of the direct governing equation is

Y deQ and Ay is the deflection coefficiengbtained by minimizing the total potential

energy equation with respect to the deflection
coefficient (A;) to determine the formulae for
calculating the buckling load of the plate:

Rearranging Equation 89 and using Equation
23, yields: (32)
N,a?
Et3 (33)

_ (1 ;—#) (%)2 ([1 16

1
+ F 1
(34)
+6.1.22) (39)
kg
Where:
N, is the critical buckling (3R of the plate

3. NUMERICAL PROBLEM
Determine the critical buckling Load of the
rectangular ssss plate shown on Figure 3 for
various aspect ratios and span-depth ratio. The
Poisson’s ratio of the plate is 0.25.
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The present theory Riedicts 3.7582 and

— > 2edla0d (for a/t =5) for trigonometry (Trig.)
— > and QEnomial (poly.) functions respectively;
N. — 4.2484and1.2013 (for a/t = 10) for the
X —p . <+— X . .
5 trig@ngmetry and polynomial displacement
I’ fun ians reppectively. The results shows that as
—> reSpsa—thickness ratio increases, the results
Q of the present study becomes closer to that of
v

The deflection functions in Equation (24 and 25)
after satisfying the boundary conditions in
trigonometric and polynomial forms are
presented in Equation (40) and (41) respectively
as:

w

= ASin (m * R)Sin (&

*Q)

w

=A(R — 2R® + R")(Q — 203
+Q%)

The stiffness coefficients for the
trigonometric and polynomial deflection
functions are presented on Table 1.

Table 1: Stiffness coefficients of SSSS plate
for trigonometric and polynomial forms of
deflection function

DeﬂeCti kRR kRQ kQQ kR kQ
on form

Trig | m* mt nt | m? | n?
onomet T T T Z Z
ry

Poly 0. 0. 0. 0 0
nomial | 2361 | 2359 | 2361 | .023 | .023

9 19 9 9 9

4. RESULTS AND DISCUSSIONS
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CPT [15], FSDT [11] and other shear

. 2: SSSS rectangular thick platéieformation theory with incomplete 3-D [16, 17,

18, 19, 20] and 3-D plate theory [23]. Then, it
can be said that the values obtained are in
agreement with those obtained in the literature.
Hence, confirming the accuracy and reliability
of the derived relationships. For the non-
dimensional values obtained, it reveals that the
values of critical buckling load Ny increase as
the span- thickness ratio increases.

The maximum percentage difference between
the values from the present study and those of
[11, 16(4Dnnd 21] is about 12.4% and 12.5%
(for a/t = 5) for the trigonometry and
polynomial displacement functions respectively.
This means that at the 87% confidence level, the
(ddes from the present study are the same with
those from of previous studies. Also, the
maximum percentage difference between the
values from the present study and those of [11,
16, 17 and 21] is about 11.5% and 11.6%

(for a/t = 10) for the trigonometry and
polynomial displacement functions respectively.
This means that at the 88 % confidence level,
the values from the present study are the same
with those from of previous studies. It is
observed that all the recorded percentage
differences are higher than 7.70%. Then, it can
be said that the values obtained are in agreement
with those obtained in the literature. Thus,
confirming the accuracy and reliability of the
derived relationships.

The results of the critical buckling load for a
rectangular thick plate with simply support at the
four edges (SSSS). It reveals that the increase in
the value of the length-breadth ratio (8 =

1.0, 1.5 and 2.0) decreases the value of the
critical buckling load Ny.
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The average total percentage difference between
the values from the present study [trig.] with 3-D
theory [poly.], [23] and those of incomplete 3-D
theory [18, 19 and 20] is about 0.89% and
8.79%, respectively (fora/t =

5,10,20 and 100. Similarly, from Table 4, the
average total percentage difference between the
values from the present study [poly.] with 3-D
theory [poly.], [23] and those of incomplete 3-D
theory [18, 19 and 20] is about 0.91% and
8.85% respectively (for a/t =

5,10, 20 and 100.

Finally it is shown that, all the recorded the
average percentage differences between
trigonometric and polynomial approaches used
in this work is lower than 1.0%. Also, the
average percentage differences between the
present work (trig. and poly.) and those of 3-D
elasticity theory [23] is lower than 1.0%. These
differences being insignificant, confirmed that
the present theory provides a good solution for
the 3-D buckling analysis of isotropic thick
rectangular SSSS plate. Meanwhile, the average
percentage differences between the present work
(trig. and poly.) and those of incomplete 3-D
theory [18, 19 and 20] is higher than 8%. These
differences being far higher than 5% are quite
unacceptable in statistics and cannot be
overlooked. Thus, confirming that the
incomplete 3-D shear deformation theory is
unreliable for the buckling analysis of isotropic
thick rectangular SSSS plate.

From Figure 3 to 12, comparison made from the
present study and those from past scholars (from
CPT and incomplete three-dimensional analysis)
proves that, the incomplete three-dimensional
shear deformation theory is only an approximate
relation for buckling analysis of thick plate and
cannot guarantee safety in a typical thick plate
analysis. Furthermore, the trigonometric
displacement functions developed to give a close
form solution, thereby considered more accurate
and safer for complete exact three-dimensional
plate analysis than the polynomial displacement
function. Its use in the analysis of thick plates
will yield almost an exact result. On the other
hand, the polynomial displacement function
which predicts a slightly higher value of average

percentage difference gives an approximate
solution whose exact value is tends to infinity.

5. CONCLUSION AND
RECOMMENDATION

The 3-D exact theory is a plate theory that
involves all the six strains
(sx, Ey, €z Voyr Vxz ANA Yy, ) and stress
(ax, 0y, 07, Txy, Tz ANA Ty, ) components in the
analysis. Hence, they include more modulus of
elasticity (E) and other mechanical properties of
the plate. As a consequence, the proposed 3-D
approach always predicts buckling load greater
than those predicted by CPT, FSDT and
polynomial and non-polynomial higher-order
plate theories because of these additional load
(stresses), modulus of elasticity (E) and other
mechanical properties of the plate.

From the result of percentage difference
recorded, it can be concluded that the classical
theory is good for thin plates, but over-predicts
buckling loads in relatively thick plates. Hence,
the incomplete three-dimensional shear
deformation theory is only an approximate
relation for buckling analysis of thick plate
(although it turns out to be exact in the case of
pure bending). Furthermore, the trigonometric
displacement shear deformation theory
developed to give a close form solution, thereby
considered more accurate and safe for complete
exact three-dimensional thick plate analysis than
the polynomial. Its use in the analysis of thick
plates will yield almost an exact result. On the
other hand, the polynomial displacement
function which predicts a slightly higher value
of average percentage difference gives an
approximate solution whose exact value is tends
to infinity. Thus, confirming that the improved
refined plate shear deformation theory using
polynomial and trigonometric displacement
function provides a good solution for the
buckling analysis of isotropic thick rectangular
SSSS.
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Fig. 3: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate using
trigonometric (T) and polynomial (P) of the
present study
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Fig. 4: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
(trigonometric) (T) and Moslemi et al. (2016)
M)
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Fig. 5: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
(trigonometric) (T) and Ezeh et al. (2018) (E)
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Fig. 6: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
(trigonometric) (T) and Gunjal et al. (2015) (G)
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Fig. 9: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
polynomial (P) and Moslemi ef al. (2016) (M)

Fig. 7: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
(trigonometric) (T) and Sayaad and Ghugal
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. . ) Fig. 10: Graph of critical buckling load versus
Fig. 8: Graph of critical buckling load versus aspect ratio (a/t) for SSSS plate showing

aspect ratio (a/t) for SSSS plate using comparison between the present study

polynomial (P) and trigonometric (T) of the polynomial (P) and Ezeh ef al. (2018) (E)
present study
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Fig. 11: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
polynomial (P) and Gunjal et al. (2015) (G)
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Fig. 12: Graph of critical buckling load versus
aspect ratio (a/t) for SSSS plate showing
comparison between the present study
polynomial (P) and Sayaad and Ghugal (2012a)
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Nomenclature

w - Deflection

u - In-plane displacement along x-axis

v - In-plane displacement along y-axis

0,- Shear deformation rotation along x axis

6 - Shear deformation rotation along the y axis
&,- Normal strain along x axis

€y - Normal strain along y axis

&, - Normal strain along z axis

Yxy - shear strain in the plane parallel to the x-y
plane

Yxz - shear strain in the plane parallel to the x-z
plane

Yyz - shear strain in the plane parallel to the y-z
plane

x — Horizontal co-ordinate

y — Diagonal co-ordinate

z- Vertical co-ordinate

a - spatial dimensions of the plate along x -axes
b - Spatial dimensions of the plate along y-axes
t - Spatial dimensions of the plate along z-axes
R - Non-dimensional form of coordinates x-axes
Q - Non-dimensional form of coordinates x-axes
S - Non-dimensional form of coordinates x-axes
B - Aspect ratio (b/a)

u - Poisons ratio

E - Modulus of elasticity of the plate

0y - Stress normal along x axis

gy - Stress normal along the y axis

0, - Stress normal along the z axis

Txy - Shear stress along the x-y axis

T,z - Shear stress along the x-z axis

Ty, - Shear stress along the y-z axis
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D* - Rigidity for three-dimensional thick plate
D - Rigidity of the CPT or incomplete three-
dimensional thick plate

[ - Total potential energy function

U - Algebraic summation of strain energy

V - External work for buckling load

A — Coefficient of deflection

N, - Uniform applied uniaxial compression load
of the plate

N, — Critical buckling load of the plate
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ABSTRACT

For dynamic academic and research activities, a steady power supply ranks number one in the list of
infrastructural requirements. Most often, standby generators are used to keep the system running with huge
resources expended annually on fuel and maintenance. Solar energy is abundantly available in Nigeria
with an average of 5.25 kWh irradiation and is proposed for an energy mix utilising mains utility supply,

diesel generators and solar PV system for Federal Polytechnic llaro. For a total daily energy demand of
10.72 MWh for the institution, when only 90% of the proposed system is implemented, the mix would be:

mains 4 % (380.23 kWh), diesel generators 5 % (526.13 kWh), proposed solar PV system 90 % (17.814
MWh), existing solar PV/inverters 165.5 kWh of energy daily, reducing the 2.75 MWh currently supplied
from diesel generators daily by 81 % and saving the monthly cost of fuel by N6.48m. The total cost of the
proposed PV system is N 2.028 billion.

Keywords: Academic activities, energy mix, Nigeria tertiary institutions, solar PV renewable energy.

1. INTRODUCTION hydro, tidal, biomass, and so on. As a result, low
Nigeria’s power sector is facing several academic research output in tertiary institutions,
challenges, chiefly because of low generation sustained economic growth, and industrial
capability that has restricted electricity supply, development in Nigeria have been hampered
leading to low access and self-generation through (Asiyai, 2013; Mukhtar et al., 2021; Nwankwo &
fossil-fuel based power generation. However, Njogo, 2013; Ohajianya, Abumere, Owate, &
fossil fuels are the most expensive means for Osarolube, 2014; Olowosejéjeé, 2020).
generating electricity, and this might be For Nigeria to fare well in the comity of nations
exacerbated by high fuel costs. This, no doubt has in terms of education, there is a need for a steady
magnified the price of products and services in power supply across the institutions and research
the Federal Republic of Nigeria. Electrical energy centres in the nation. A consistent power supply
is required for rapid development in almost every is the most important infrastructural requirement
aspect of life. Even so, half of the population in for dynamic academic and research activities.
Nigeria is predicted to stay without access to Typically, standby generators are used to keep the
electricity up to 2030, regardless of the fact that system running, with significant resources spent
the state is endowed with a variety of renewable on fuel and maintenance each year. To improve
energy (RE) sources, including wind, solar, The Federal Polytechnic Ilaro (FPI) campus'
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insufficient power supply, and to reduce the huge
resources expended annually on fuel and
maintenance, RE (solar energy) is proposed as a
viable, sustainable energy mix. This is because, at
an average of 5.25 kWh irradiation, solar energy
is abundant in Nigeria and ranks first among
available RE sources in Ogun State. The State has
massive solar resource of 3.5 kWh/m2-7.0
kWh/m2 daily (4.2 x 106 MWh/day using 0.1 per
cent land area), of which approximately 6
MWh/day is produced, as shown in Table 1
(Khan, Pasupuleti, Al-Fattah, & Tahmasebi,
2018). Reducing greenhouse gas (GHG)
emissions and invariably overreliance on fossil
fuels necessitated the search for new technologies
coupled with advanced technology resulting in
lower prices of these materials. Globally, RE has
gained a tremendous position in the energy mix.
Figure 1 shows the installed solar PV capacity per
capital in some of the EU countries with Germany

in the lead.

Furthermore, many locations in Nigeria have
been assessed and identified as having the
potentials to provide sustainable solar energy
(Ley, Gaines, & Ghatikar, 2019; Olujobi, 2020).
In Nigeria as a whole, solar energy alone is said
to be capable of producing 207,000 GWh per year
of electricity if 1% of the total landmass were to
be used for the installation of the state-of-the-art
polycrystalline PV modules with an electricity

yield of 1500Wh/Wp per year (NESP, 2015).

Thus, the solar energy PV system is proposed as
part of an energy mix that includes mains utility
supply and diesel generators for continuous
power supply at the minimum possible cost to the
FPI. Similar efforts have been made for other
tertiary  institutions and rural  off-grid
communities, and these have been reported in the
literature (Ali, Ahmar, Jiang, & Alahmad, 2020;
Babatunde et al., 2021).

Table 1: Nigeria’s RE and non-RE reserves, and potentials (Emodi & Boo, 2015; Ley, Gaines, &

Ghatikar, 2019)

Resource Reserve Production

Crude Oil 5.24 Btoe (37,453 million bbl) 1.83 x 109 bbl/day

Solar About 4.2 x 106 MWh/day using 0.1% land 6 MWh/day
(potential

of 3.5 kWh/m* —7.0 kWh/m? daily)

Natural Gas 1.93x1014 scf

Small 3,500 MW (0.34 Btoe)
Hydropower

Large 11,250 MW (0.8 Btoe)
Hydropower

2.78 x 1012 scf
30 MW

1938 MW
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Wind 4 m/s at 12% probability, 70 m height, 20 m rotor -
(2—4 m/s
at 10 m height)
Coal and Lignite 2.175 x 109 tonne -
Animal Waste 245 x 106 assorted animals in 2001 781 x 105 ton of
waste/day
Tar Sand 3.1 x 1010 bbl equivalent -
Germany 5904
4006
Belgium 395.5
3457
Malta 305.1
2605

Luxemborg 220

204.3

Czechia 197.2

196.7

Austria 187 5
186
France 1579
Q0 100 200 300 400 500 600 700

Figure 1: Installed solar PV capacity per capita in EU

RE should be made to account for the lion's share
of the energy mix in order to achieve an
ecologically sustainable environment, low GHG
emissions, and vibrant economic growth (Holtz
& Golubski, 2021), 2011;
Kweku et al., 2018; Mohammed et al., 2012).

(Anomohanran,

Exploiting RE sources and liberalizing the energy
sector to attract private-sector participation could
reduce the cost of producing electricity and
increase access to it. Although the short-term cost
of generating electricity from RE sources may be
prohibitive, in the long run, fixed costs are likely
to be offset by the implementation of feed-in
tariff schemes and economies of scale. According

to IRENA (2020), replacing 500 gigawatts of
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existing coal plants (with the highest operating
costs) with new solar PV and onshore wind could:
cut annual system costs by up to USD 23 billion
per year; reduce annual CO2 emissions by around
1.8 gigatonnes, or 5% of last year’s global total;
yield a stimulus worth USD 940 billion, or
around 1% of global GDP. The need for RE has
been well captured in the Nigeria Energy Policy
(NEP) which made provision for -effective
utilisation of all forms of energy including RE.
The Nigerian Energy Policy (NEP 2003) stated
thus: the level of energy utilisation in an economy
coupled with the efficiency of the conversion of
energy resources is vital for the development of

the economy.
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2. METHODOLOGY

The current energy mix and its component parts
were established and proportions determined.
The mains utility supply record and fuel
consumption data of the generators on the FPI
campus were obtained from the Department of
Works, FPI. An energy mix of the existing three
components is determined with appropriate
proportions. The new energy mix is worked out
to ensure economic viability and sustainability
(Ali, Ahmar, Jiang, & Alahmad, 2020) and
adequate power supply to the Polytechnic
community. This was done giving considerations
to the current utilisation of energy, sources and
the periodic electrical load of the institution as a
whole.
2.1 FPI Physical Structure and Current
Power Supply Setup

The FPI community comprises three sections

namely the East Campus, West Campus and
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Gbokoto staff quarters. The Institution has a
robust power supply network with both overhead
and underground supply systems. Figure 2 shows
the single line diagram of power supply to FPI
from lkeja transmission station. The various
sections of the campus are supplied
simultaneously from the same electric energy
source. Presently, the three main sources of
power supply at FPI are Public power supply,
Standby generators and Solar PV/inverter supply
system. The study looked into the present energy
mix and determine the ratio of mains supply vis-
a-vis diesel generator supply and existing solar
photovoltaic (PV) system that would yield an
optimal Polytechnic

power supply to the

community.
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Figure 2: Single line diagram of power supply to FPI

2.2 The Power Supply at FPI

The institution is connected to the national grid
on a 33 kV power supply. A 33/11 kV 2.5 MVA
transformer on the FPI campus steps down the
distribution voltage to 11 kV and this is
transmitted and distributed through nine (9)
11/0.415 kVA transformers situated around the
campus premises. Figure 3 shows the power
distribution network of the campus. About
N800,000 is usually spent on utility energy bills
depending on availability and consumption for
each month with the least monthly cost of N
600,000 only.

There are 14 diesel generator sets serving the

entire FPI campus. These generators and their
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locations, sections served and total ratings are
identified in Table 2. Few of these (Gbokoto and
East Campus generators) are centralised and
connected to two 0.415/11 kV transformers
linked to the central distribution network to
supply power to the entire Polytechnic. Others
produce 415V to be used in various buildings
served using a change-over switch at the location.
These generators are the main ones operated by
the Polytechnic Management to augment the
public power supply. There is a litany of other
small generators virtually in every Department
and section to augment these main ones as well.
Generally, in the evening, a dedicated generator

is usually turned on by 7 pm and shut down by 11
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pm or 12 am, leaving 6-9 hours without power
supply on days with a total outage from the mains
supply.

The data collected from the FPI Department of
Works, showed that the cost of mains utility
supply for one year is about N5 million and the
cost for diesel for the generators is about N 48
million, servicing cost and other expenses for
electricity, engine oil, etc are close to N10 million
(about N833,000 per month). The fuel
consumption rate of a 500 kVA diesel generator
is about 110 litres per hour. Generally, all the
generators consume 33,000 litres per month. This
quantity of fuel is rationed among the generators
within the month to ensure continuity of services

in all sections when there is power failure from

the mains. With the present cost of diesel being N
242 .43 per litre, the total cost of diesel in a month
is therefore given as 33000 x N242.43 = N
8,000,190. Thus, in a year this will translate to
N96,002,280.

Apart from the mains and diesel generators
operated in the FPI campus, there are installed RE
systems in form of solar photovoltaic systems and
AC inverters. Table 3 gives the number, location,
capacity and ownership of these RE installations
in FPI. As is indicated in the Table, a total of
165.4 kVA of solar PV/inverter system is
available to augment the mains and diesel
generating sets on the campus. Note that few of
these installations are only inverter-operated

without any solar panel installations.
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Figure 3: Single line diagram of power distribution at FPI

Table 2: Statistics of Generators at FPI

S/N  Generator Location Capacity

(KVA)

Areas served

1 Gbokoto 500

Entire campus on base-load
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2 East Campus 500 Entire campus on base- load
3 School of Engineering Building, Lecture rooms, and
Engineering 250 some offices at West Campus
4 Admin Block 250 Central Admin only
5 ICT 60 ICT
6 PTDF 60 PTDF
7 Library 40 Library complex
8 Auditorium 2&3 40 Auditorium 2&3
9 Auditorium 1 150 Auditorium
10 Food Tech 250 Departmental buildings
11 Health Centre 40 Medical Centre and Staff Quarters
12 Rector’s house 60 Gbokoto Staff Quarters
13 Mass 60 Departmental buildings
Communication
Department
14 Agric Farm 500 Agricultural Technology farm buildings
Total 2760
Table 3: Solar/RE Installation at FPI Ilaro
S/N Location Capacity Ownership
(kVA)
1 ICT (West Campus) 30.0 Institution
2 ICT East Campus 3.5 Institution
3 Dept of Elect 4.0 Department
4 Dept of Computer 3.5 Department
5 School of Part-time 2.4 Institution
6 PTDF* 24.0 Institution
7 Library* 30.0 Department
8 Telecomm Lab. 5.25 Department
9 Basic Electricity Lab. 3.75 Department
10 Control Lab. 3.0 Department
11 TIKC 10.0 Institution
12 Mass Communication 23.5 Institution
13 Auditorium 1 15.0 Institution
14 Auditorium 3 5.0 Institution
15 Health Centre* 2.5 Institution
16 Total 165.4

23 Current Energy Mix and Electric
Power Requirement for FPI
The current energy mix is derived considering the

hours of usage of the power supply from the
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* Only inverter-operated

various sources on the polytechnic campus.
Average monthly mains energy consumption
stands at 1,140.69 MWh per month on the
average of 5 hours daily supply. Generating sets

total energy supply is determined by using
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standard fuel consumption generation value of
0.4 litres per kWh. Thus, 33,000 litres of fuel
gives 82,500 kWh of energy per month. The solar
PV/inverter systems are operated on average for
6 hours daily. The current energy mix is presented
in Figure 4. Thus, the total energy supply from

the renewable system in the mix stands at:

E = 165.5x 4 x30 (1)

= 19.860 kWh per month.

Presented in Table 4 are the present electric

power supply requirements for various

locations at the FPI campus. Thus, different hours
of use and diversity factor were imposed on
different locations to determine the current

energy demand. The weekend energy demand is

quite low for most locations and has been
embedded in the daily estimates. Thus, the total
energy required was calculated as in Table 5. The
proposed energy mix is to cater for the total
energy demand as indicated in the table. The solar
PV system requirements in terms of inverter,

batteries and solar panels shall now be presented.

2.4 Estimation of Total Solar

Requirements for FPI Community

The various locations on the FPI campus utilise
electric energy for varying hours each day. The
FPI campus comprises residential buildings,
office buildings, academic areas, commercial
centres and outdoor electric power utilisation.
Figure 5 shows an illustration of three sources

being proposed in this paper.

Table 4: FPI Energy demand estimate

Location Total Usage Energy Diversity Total Estimated
Electrical (hr) Demand Factor Energy Demand
Load (kW) (kWh)
(kWh)
Residential Building 1260 15 18,900 0.3 5670
Health Centre 16 24 384 0.25 96
Religious Building 14 1.67 23.38 0.75 17.535
Library 84 10 840 0.7 588
Poly Staff schools 26 4.5 117 0.6 70.2
Lecture Rooms 56 8.66 484.96 0.3 145.49
Laboratories/Workshops 485 3.5 1697.5 0.35 594.13
Enterprises/Business 260 10 2600 0.45 1170
Ventures

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

223

(NSE) November 2021




'Ogunyemi, J, *Adetona, Z. A., ’Mbamaluikem, P. O. And * Okufuye, O. A.
A Viable Energy Mix Option For Nigeria Tertiary Institutions: Federal Polytechnic Ilaro As A Case Study

Offices 760 5.86 4453.6 0.5 2226.8
General Services 18 12 216 0.65 140.4
Total 10,718.55
solar Mains
PV fInverter _ _ 10%

17%

sets
73%

Figure 4: FPI current energy mix

1
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Figure 5 Energy mix power sources under consideration Sizing of the Proposed Solar PV

System

2.5.1 Inverter Sizing

In an off-grid solar system, the total wattage of
the appliances the inverter is to supply should be
lower than the rating of the inverter. Hence, the
inverter is rated 25% - 30% higher than the total
wattage of the appliances it is meant to supply

(Mbamaluikem & Okeke, 2021). For this study,

2.5.

Inverter rating = total appliance wattage x1.3 =

3,000x0.45x1.3
= 1,755 kW or =2,193.75 kVA

Applying an average diversity factor of 0.45 for
all the loads and marking it up, the size of the
inverter required is 2,500 kVA.
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2 PV Module Sizing

Table 5 shows the data of the solar panels used in this study. The kilowatt-hour (kWh) consumption of
the Polytechnic using the energy demand estimate from Table 4 is 10,718.55kWh and this is marked

11,000 kWh
up to daily.
The kWh needed from the PV module/day using a diversity factor of 0.6

total kWh load x1. 3 (system loss factor)—

=11.000x0.6x1.3

= 8,580 kWh /day

total appliance Wh = 1.3 (system loss factor)

ot I!%:—f
Therefore, total Watt-peak (Wp) needed for PV modules = Panel generation factor
3
_ wm
T
= 2,516.13 kW
— Totm i W
Minimum number of PV Panels Rated cutput Wpr of Pamnsl

“4)
Using a panel output power of 270 W as given in Table 5:

_ 2,51613x 100
Minimum number of PV Panels — 270

= 0,319 panels,

The proposed solar PV system would require 9,319 panels of 270Wp, 12 V rating or 4,660 panels of 270
Wp, 24 V rating. The design can be modified for higher wattage of PV modules say 300W or 320W to
reduce the number required.

Table 5: Solar panel data

Panel Model: 270M-60

Maximum Power 270 £ 3%

Maximum Power voltage 30V
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Maximum Power current 9:00 AM
Open-Circuit Voltage 36V
Short-circuit Current 9.81 A
Maximum System Voltage IEC1000V
Maximum fuse current I5A

Electrical data at standard test conditions: AM 1.5,
irradiance 10000 W/m, cell temperature 25°C

2.5.3 Deep Cycle Battery Sizing

A depth of discharge of 60% is used in this design to ensure that the battery is returned to fully charge again
every day and the lifespan is maintained. Therefore,

WheDOA
Battery capacity (Ah) ~— BLF<DOD-NEV (5)

_ B580,000x1
T DESr0Ec96 = 175,245 Ah,

Where:

DOA = Days of autonomy

BLF = Battery loss factor

DOD = Depth of Discharge
NBYV = Nominal Battery Voltage

_ Battery Capacity
No of batteries  Bartery Nominal ampsrags 6)

_ 175245

1290 = 797 batteries,

The proposed energy mix requires 797 batteries rated 96 V, 220 Ah each. Since deep cycle batteries are not
rated 96 V, therefore the design would need:

No. of batteries = 8 x 797
= 6,372 batteries rated 12 V, 220 Ah.

2.5.4 Solar charge controller
Minimum Solar charge controller rating = No. of panels x I;;x 1.3 (7)
=9,319 x9.81x1.3

=118,845 A.
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Single Solar charge controller rating = No. of panels parallel paths xJ..x 1.3 (8)
=8 x 9.81 x 1.3; using eight parallel paths for the panels,
=102.02 A =120 A,

__ Minimum Solar charge contreller rating
No. of charge controllers  Sing Sslar charge conmrollerrating — (9)

_ 11EB4E
R I

Hence, 990 numbers of 120 A charge controller would be required.

2.5.5 System Costing

The cost requirement is presented in Table 6. Due to the skyrocketing cost of materials and
devalued naira currency, the cost of implementation of the proposed energy mix is quite high. As can be
observed in Table 6, the total cost of implementation is over N2.028 billion at the current rate.

Table 6: The Bill of Engineering Measurement and Evaluation for the designed solar system

S/N  Description Requirement Quantity Rate Amount
(Nm)  (Nm)
1 Batteries Tubular 220 Ah, 12 V Deep 6372.00  0.145 923.940
cycle
2 Solar PV panels 2710 W, 12V 4660.00  0.066 307.560
3 Charge controller MPPT 120 A, 48 V 990.00 0.485 480.150
4 Inverter Central 2,500 kVA, Grid 1.00 81.540 81.540
tied.
5 Battery rack Steel construction 1.00 152.928 152.928
6 Panel rack Aluminium Frame 1.00 46.600  46.600
7 Automatic  change  over Assorted 1.00 6.678 6.678
switch
8 Cables and accessories Assorted; 4 mm% 6 mm? 1.00 9.567 9.567
16mm?
9 Cost of power house 0.09895 % of total 1.00 19.879  19.879
construction and  system
installation
Total Cost 2,028.842
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3. RESULTS AND DISCUSSION

The proposed energy mix value will be
adequately equipped to cater for the 10,718.55
kWh daily energy demand for the FPI campus
without the need for diesel generators and the
epileptic mains supply. That is 321.56 MWh per
month and N8,000,000 saved in the cost of
fueling the generators monthly. If only 90% of the
proposed PV system design is implemented the
generators will take care of only 5 % and mains
supply only 4 % of the energy demand in the new
mix as shown in Figure 6. This will reduce the
overall cost by 10%. Thus, a total of about
N6,480,000 (0.81 x N8,000,000) monthly
reduction in generating sets fueling only is
achievable. Also, the cost of maintenance of the
generators would drastically reduce. The PV
system setup would require some level of

maintenance

such as highlighted by Adetona, Ogunyemi, &
Bitrus, 2020. When such maintenance work is
routinely carried out, the system is expected to
last its entire design lifetime. This maintenance

would also require a minimum cost to achieve.

4. CONCLUSION
RECOMMENDATION

AND

A RE source that would serve as a viable energy
mix for FPI was designed. The design is to ensure
a 24-hour power supply to the campus using the
new energy mix with the proportions of each
power source shown in Figure 6. The
implementation can be integrated into the FPI
power distribution network. Based on the results
of data analysis, solar energy source was
considered a viable means because of its
availability despite its high initial cost of

installation.

B Generators

N

Utility
Existing PV/Inverter © ang{%if% PV

Figure 6: Proportions of energy supply in the proposed energy mix

Depending on the availability of funds, a fraction

of the proposed system can be implemented. For

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

229

instance, one-half of the total energy demand can

be implemented and this can reduce the cost of
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implementation by half. Also, a modular, rather
than grid system can be implemented at various
locations on the FPI campus. Thus, the
implementation can be carried out in phases
depending on needs and funds availability. Such
a modular approach is suggested to focus on the
areas of critical needs for implementation.
However, when this system is adopted, the total
estimated cost would increase in the course of
implementation due to skyrocketing cost of
component parts required for the implementation.
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ABSTRACT

The use of private portable solar cells to charge mobile phones is not common in rural areas. This paper
introduces charging mobile phones on a commercial basis in rural areas using solar photovoltaic (pv)
system. The purpose is to promote development, mobile phones use, and its penetration in rural areas. The
study analysis revealed that the project would require an initial investment cost of US$830.99 and annual
operating expenses of US$539.84. The Net Present Value (NPV) of the project was positive at 40, 60, 75,
and 100% capacity utilisations, and had a discounted payback period of 2 years at 100% capacity
utilisation compared with the project’s overall economic life of 10 years. This implies that the project will
make a profit and support its own development. The project has a wide applicability especially in
developing economies and offers some societal benefits.

Keywords: Solar PV system, Mobile phones charging project, Components design, Micro economic
analysis, Sensitivity analysis, Rural use.

1. INTRODUCTION rural areas or in rural areas not connected to the
The use of portable solar cells to charge mobile national grid.

phones is not new. Available devices in the ) o .
One major factor limiting mobile phones use

Nigeria markets, which are common in urban o ) o
penetration in rural areas is the unavailability of

areas, vary from 5 to 20 Watts (W). From ) . . .
grid  electricity.  Despite  the  various

available technical details, these devices are . . .
pronouncements to improve grid electricity

designed for individual use and could charge 1 or
supply to 25,000 megawatts (MW) by the end of

2 phones at a time depending on system capacity. 2020 (revised from 40,000 MW) (Table 1), grid

Because these devices are less common in rural L i i
transmission ~ wheeling capacity = averaged

areas, this paper introduces another concept ) )
5,300MW, higher than average operational

which entails charging mobile phones on a ) ) o
generation capacity of 3,879 MW (Nigerian

commercial basis in rural areas using a solar .. L.
Electricity Regulatory Commission (NERC),

hotovoltaic (pv) system. The purpose is to
P V) sy PUIp 2021a). Roughly 26 per cent of rural dwellers had

promote sustainable rural development, mobile ] L
access to grid electricity in Nigeria in 2019

phones use, and its penetration in poorly served

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

233



0. Adeoti

An Analysis Of A Solar Photovoltaic Mobile Phones Charging Project For Rural Use In Nigeria

(World Bank, 2021a). By proportion, the rural
areas accounted for about 49 per cent of the
Nigerian population in 2019 (World Bank,
2021b). While the use of portable solar cells is
common in many urban areas, they are less
adopted in rural areas due to affordability and
unavailability in rural markets. Market
information revealed that the prices of available
portable solar cells in Nigeria varied from 5,000
to 15,000 Naira. However, documentary evidence
suggests that about 43.8 per cent of rural dwellers
earned less than 10,000 Naira a month as of 2012
(National Bureau of Statistics (NBS), 2012). The
availability of electricity provides opportunities
for use and for users to charge their mobile
phones. In the case of Nigeria, because of
inadequate grid electricity supply or incessant
power outages, people who could not afford
gasoline/diesel-fuelled

private electricity

generators (or have the opportunity to charge for
free) charge their mobile phones from vendors
who have generators. This situation is more
prevalent in rural areas where access to, and
availability of, grid electricity or private
electricity generators is low. Market information
revealed that vendors collect 50 Naira per mobile
phone, without any major consideration to
charging time. While there is a paucity of data on
the number of mobile phones-in-use in rural areas
of Nigeria, it is reported that as of July 2021 there
were 187.47 million active mobiles (GSM) phone
lines in Nigeria (Nigerian Communications
Commission (NCC), 2021). Roughly speaking,
therefore, considering those with dual-SIM
mobile phones with 2 SIM cards installed, the

number of mobile phones-in-use in Nigeria could

be up to 139 million.

Table 1: The various grid electricity generation targets set by the Federal Government of Nigeria

Target (in MW) Timeline

4,000 1999

6,000 End of May 2007
10,000 End of 2008

11,000 End of 2011

5,000 End of December 2014
6,000 End of 2014

5,000 End of September 2015
6,000 End of 2015

10,000 End of December 2016
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Current generation +2,000 (or over 6,000)
12,500

7,000

10,000

40,000

25,000

30,000

End of 2016

End of December 2017
End of 2017

End of 2019

2020

End of 2020

In 2030

(Sources: Adeoti, 2016; NERC, 2021b)

The combined effect of inadequate grid
electricity supply, rural poverty and the need to
encourage sustainable business development as
well as promote mobile phones use penetration in
rural areas serve to support the concept of mobile
phones charging projects on a commercial basis
using a solar pv system. In terms of solar
resources which are key input parameters for
effective functioning of solar pv systems, the
daily solar radiation (or insolation) in Nigeria
varies from 3.5 in the coastal areas of the south to
7.0 kilowatt-hour/square metre (kWh/m?) in the
arid regions of the north (Federal Ministry of
Science and Technology (FMST), 2014a, 2014b;
Shaaban and Petinrin, 2013; Akinyele et al.,
2018; Ohunakin et al., 2014). Nigeria’s daily
sunshine hours have an annual average of 4 to 9
hours (h), increasing from the south to the north
(FMST, 2014a). Despite its importance, there is a
dearth of documentary evidence suggesting that
there are rural solar pv mobile phones charging
businesses in Nigeria. Therefore, this paper

examines the facility requirements and the

financial implications of operating a rural solar

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

235

pv mobile phones charging project in Nigeria.
This paper differs from that of Acquah et al.
(2017) in that it provides the -calculation
procedure as well as the assumptions informing
the selection of key solar pv component sizes and
used the dynamic approach to assess the project’s
financial viability. In the case of Acquah et al.
(2017), the calculations and the assumptions
informing the selection of battery and inverter
sizes were not stated. It also evaluated
profitability based on the financial records of
income and expenditure, possibly because the
paper was evaluating the performance of an
already installed community solar project. It is
important to highlight that the dynamic approach
used in this paper offers a more important
investment guide from the viewpoint of an
entrepreneur than the static approach.

This beneficial to

paper is researchers,

policymakers, equipment fabricators and
prospective entrepreneurs wishing to invest in
rural solar pv mobile phones charging projects in
Nigeria and elsewhere. Worldwide, some 18 per

cent of the rural population were without access
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to electricity in 2019 (World Bank, 2021c). The
rest of this paper is organised as follows: Section
2 takes a brief look at solar pv and its
applications. Section 3 provides the procedure
followed which includes the load sizing
assumptions, design process and project’s
financial analysis. Results are presented and
discussed in Section 4 and the sensitivity analysis
in Section 5. Section 6 highlights some other
benefits that could be derived from the
implementation of the rural solar pv mobile
phones charging project at the societal level,
which is followed by a conclusion and

recommendations in Section 7.

2. THE SOLAR PV AND ITS
APPLICATIONS

Becquerel discovered the pv effect in 1839 while
studying the effect of light on electrolytic cells
(Razykov et al., 2010) and suggested that sunlight
could be converted directly into electricity (Joshi
et al., 2009). By the end of 2017, global solar pv
capacity reached 400 gigawatts (GW) (IEA,
2018b). While Nigeria’s solar resource potential
is estimated at 4.2 terawatt-hours/day (TWh/day)
(from 0.1 per cent land area), roughly 6
megawatt-hours/day (MWh/day) have been
harnessed (Emodi and Boo, 2015; Shaaban and
Petinrin, 2013). Worldwide, solar pv has been
deployed for various applications either as a
standalone or as a hybrid system. These include
water pumping (Giwa et al., 2016; Joshi et al.,
2009; Obeng and Evers, 2010; Rahman, 2011),

on/off grid electricity supply (Joshi et al., 2009;
Rahman, 2011; Akinyele et al., 2018), street
lights/traffic signals (Joshi et al., 2009), highway
and pipeline lighting (Chaurey and Kandpal,
2010a), hydrogen production (Hollmuller et al.,
2000), space heating (Joshi et al, 2009),
ventilated solar greenhouse dryer (Janjai et al.,
2009; Barnwal and Tiwari, 2008; Mumba, 1995),
charge car batteries/solar vehicles (Arsie et al.,
2006;  Gaddy, 2003; Rizzo, 2010),
telecommunications (Mpagalile et al., 2005;
Shaaban and Petinrin, 2013), railway signalling
and off-shore oil platforms (Purohit and
Michaelowa, 2006), space vehicles (Bhutto et al.,
2012), satellites (Razykov et al., 2010; Joshi et
al.,, 2009), vaccine refrigeration (Chaurey and
Kandpal, 2010a; Omer, 2002), oil expeller
(Mpagalile et al., 2005), remote meteorological
stations (Chaurey and Kandpal, 2010b; Purohit
and Michaelowa, 2006), battery charging and
radio systems in airports (Omer, 2002),
calculators and watches (Joshi et al., 2009), and
lantern/mobile phones charging (Acquah et al.,
2017).

3. METHODOLOGY
3.1 Load sizing assumptions
For the solar pv system components design, the
following assumptions were made:
to be economical, the facility will be capable of
charging 10 mobile phones at a time because of
variations in phone design and state of charge, the

maximum charging duration per phone is limited
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to 2 hours (with phones switched off during
charging). Therefore, the facility will be capable
of charging 30 mobile phones per day the facility
is to operate between 10.00am and 4.00pm, 6
hours per day, Monday through Saturday, 300
days per year (excluding some notable public

holidays).

The allowable system autonomy is 3 days (that is,
3 cloudy/raining days in a row without sunlight)
the maximum power consumption is 6 W per
mobile phone. At present there are mobile phones
of 11.4 Wh in Nigeria mobile phones are to be
plugged-in directly using their chargers. This will
allow each phone to be charged at their
recommended ampere-voltage rating the system
output voltage is 220 Volts (V) since mobile
phones come with in-built over-charging and
deep-discharging protections for the batteries,
there is no need to consider these in the system
design because of variations in the charging
current of mobile phones, the sockets (or load
bus) are to be connected in parallel. On the
average, it is assumed that most phones would
require charging at the end of the third day or
charged twice per week of 7 days.

Based on the assumptions made above, the
expected maximum load is 6 W x 10 x 6 hours =
360 Wh/day. To cater for future improvements
which may lead to a higher mobile phones built-
in battery capacity, the paper has used 500
Wh/day in the design calculation.

3.2 Solar pv system components sizing
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This paper has adopted a very simplified
calculation procedure to estimate the sizes of key
solar pv system components as follows:
- solar pv generator
A solar pv generator is made up of
modules. A module consists of several
cells and works on the principle of the
photoelectric effect. A combination of
several modules arranged either in series
or in parallel or both makes an array. The
cells in the modules convert the solar
light into direct current (dc) electricity.
Therefore, the brighter the solar light
impinging on a module, the higher the dc
electricity produced. From equation 1
(after Chaurey and Kandpal, 2010a;
Mpagalile et al.,, 2005), the solar pv
generator size required to power a load of
500 Wh/day is 379 W,. Considering
has

market

selected 2 x 200 W, 12 V solar modules.

availability, the paper

The service life of solar pv modules

varies from 20 to 30 years except film

modules.
Size of solar pv generator, PV =
g
Shimy XY (Wp) (1)

Where q is the load in Wh/day (= 500 Wh/day),
Shm) the mean minimum daily sunshine hours in
Nigeria (= 4 h). In Nigeria, the least total solar
radiation intensity occurs in the month of August
(Aliyu et al., 2015). v, the overall derating factor
which compensates for efficiency reduction in the
solar pv performance (for temperature-related
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losses and non-temperature related losses) = (v
X B X Nee X Npe X (1 — Limismaten) X (1 — Lawst) X (1 —
Liemp) = 0.33); where inverter efficiency, nvw =
0.80, battery efficiency, ns = 0.85, efficiency of
charge controller, ncc = 0.85, the efficiency of
mobile phones charger, nec = 0.80 (Acquah et al.,
2017), loss of energy due to the mismatch among
solar cells put at 0.15 (Chaurey and Kandpal,
2010a), of
shading/shadow,

loss energy due to dust,

wiring and connections,
switches, ammeter, fuse, reflection, etc. put at
0.15, and loss of energy due to increase in

ambient temperature estimated at 0.014.

To minimise operational cost, no tracking system
is included in the pv design.

The value 0.014 was obtained as follows:

The literature argues that with an increase in cell
temperature the efficiency of the cells decreases
significantly (Joshi et al., 2009; Chander et al.,
2015; Krauter and Ochs, 2003). The cell
temperature is primarily affected by the ambient
temperature, solar irradiance, and wind speed
(Standards Organisation of Nigeria, 2015). It is
assumed in this paper that air cooling may likely
not be achieved where pv modules are mounted
directly on rooftops. Therefore, wind speed may
have a little cooling effect. In Nigeria, the mean
monthly temperature varies from 14 degrees
Celsius (°C) in the mountain zone to 32 °C in the
(Food
Organisation of the United Nations (FAO),
2002).

semi-arid  zone and  Agriculture
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In the market, there are different kinds of pv
technologies. These include the mono-crystalline
(m-Si)9

amorphous silicon (a-Si), cadmium telluride

poly-crystalline (p-Si), thin films—
(CdTe), copper indium gallium selenide (CIGS),

organic pv

(Akinyele et al., 2018), nano-pv (Razykov et al.,
2010), and ribbon silicon (Park et al., 2013).
Although mono-crystalline and multi-crystalline
silicon cell based panels account for over 90 per
cent of the global market, the commonly used
solar pv technology in Nigeria is the crystalline
silicon type, that is., m-Si and p-Si (Akinyele et
al., 2018). For a mono-crystalline silicon solar
cell, Chander et al. (2015) found that the output
power decreased by 0.002/°C due to an increase
in cell temperature. This value was adopted in this
paper. The 0.014 was therefore obtained from the
calculation that as the average ambient
temperature increases by 7° (that is, from 25 °C,
the nominal temperature for pv cells to 32 °C, the
average maximum ambient temperature; taken
the semi-arid zone and other parts of the country
with relatively high mean monthly temperature
into consideration), the output power of the solar
pv generator is expected to drop by 0.014 on the
average.
- storage battery
Because of variation in sunlight intensity

during the day and the possibility of
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cloudy as well as raining days without
sunlight, these suggest that the system
needs a battery. A battery is an

electrochemical device. It stores
electrical energy in the form of chemical
energy and releases it as electrical energy
when a load is connected (Ani, 2016).
Batteries can be connected in series
and/or in parallel to realise the desired
voltage and ampere level. The size of the
storage battery for the mobile phone
charging project required to power a load
of 500 Wh/day for 3days without
sunshine was obtained from equation 2
(after Chaurey and Kandpal, 2010a) as
230 Ah. This value was derated for low
temperature as suggested by
Electricalnotes (2015) using the lowest
expected average temperature of 15.6°C
in Nigeria to obtain 255.1 Ah from
equation 3. Considering  market
availability, this paper has selected: 2 x

150 Ah, 12 V deep cycle battery.

Battery size, B; =

q
[ﬂ'r-f"i’-'J-T Thiwy -TTln'] isl {Ah}

2)

Where q is as defined above, O, is the
operating voltage (= 12 V), mq is the
maximum depth of discharge for deep

cycle battery (= 0.80), and a is the system
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autonomy (= 3 days). v and ng are as

defined above.

Battery S1Z€(derated), Bsd =
Bex Ly (Ah)

3)

Where B is as defined above and L is the
low-temperature correction factor =1.11,
obtained from the table of temperature
correction factors at 15.6°C. From the
manufacturers’ viewpoint, deep cycle
batteries will last between 8 and 20 years

(Ani, 2016).

- charge controller

The charge controller serves as a
protective and monitoring device. It
regulates the battery’s overcharge and
over-discharge as well as monitors the
state of charge of the battery. It helps to
control the energy inflow and outflow
into and from the storage battery
(Chaurey and Kandpal, 2010a) and also
prevents reverse flow of current (Purohit
and Michaelowa, 2006). Overcharging
and over-discharging reduce batteries life
span. In this paper, the selected solar
modules are 2 x 200 W,. Following
standard practice, the size of the charge
controller obtained is 14.6 A from
Leonics (2018).

equation 4 after

Considering durability and losses (charge
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controller efficiency is between 80 and
85 per cent (Chaurey and Kandpal,
2010a)), the preferred ampere rating of
the charge controller is 20 A at 12 V.

Charge controller size = number of

strings x 1.3 x short circuit current (A)

“4)

Where the number of strings (for the pv
generator) = 2, the safety factor = 1.3,
and for a 200 W,, crystalline pv module,

the short circuit current = 5.63 A.

- inverter
The built-in battery of mobile phones
requires  alternating current  (ac)
electricity to charge, while the solar pv
generator and the system storage battery
deliver dc electricity. To use the dc
electricity from the solar pv system
directly would require for each mobile
phone to have a dc-to-dc charger, leading
to additional investments on the part of
the phone users which they may not be
willing to make. However, using this
configuration will eliminate the need for
an inverter. Since mobile phones come
with an ac-to-dc charger, this suggests
the need for an inverter. The inverter will
convert dc electricity to ac electricity,
and also perform the following functions:
waveshaping,

regulate the output

voltage, and operate near peak power
point (Norton et al., 2009). Rated by its
output power and dc input voltage, the
design procedure suggests that the power
rating of an inverter should not be less
than the total power to be consumed by
the loads. From equation 5 after
Electricalnotes (2015), the inverter size,
for all the loads running concurrently,
was calculated at 97.7 W. Therefore,
considering market availability and the
need to supply continuous power, the
paper has selected: 1 x 12 V, 0.1 kW

inverter (one phase supply).

-

Inverter size, Is = T xo W) (5

Where Ty is the total load (= 62.5 W). It
is important to highlight that mobile
phones could be categorised as mostly
resistive loads. Therefore, no initial load
surge associated with inductive devices
is expected. y is the efficiency of
inverters (taken as 0.8 in this paper for
pure sine wave inverters. Pure sine wave
inverters are ideal for running loads with
sensitive electronics). The safety factor
for unforeseen minor load surge, o =

1.25.

3.3 System operating procedure
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Figure 1 illustrates the solar pv mobile phones ac loads as well as helps to stabilise supply at 12
charging system layout. During daytime when V. The extension box serves as the load bus
there is sunlight, the pv generator serves the ac where the mobile phones are plugged in via the
loads. Extra energy produced is stored in the sockets. Figure 2 shows a simplified electrical
battery. However, when there is no sunlight or circuit of the solar pv mobile phones charging
when power from the pv generator becomes project.

insufficient, the battery supports and powers the

AC load mobile
vhones. 10x 623
Inselation = 3.3-7.0 KWh'm*/day e
¥ 1 I
A—
PV generator, -y | Charge controller, |I,. . |l —=
B 13 o) o [ Inverter. 12 01KW [
i -
—
Lic -
aaad _.
S
Storage battery, Extension box
1x300 A0 12V
: ' with 10
Fig. 1: The solar pv mobile phones charging system layout
Solar modules Battery
2x200Wp, 12V 2x150Ah, 12V
+ - Iirverter
1x0.1EW, Loadbus
_| |_ 12V -220V (% 10 sockets)
Charge — de = . -
controller ] 1_{||
- ac =+
Fig. 2: Electrical circuit of the solar pv mobile phones charging project
34 Project’s financial analysis cost. Market survey was carried out in August

. . . . 2021. The project is estimated to have an overall
Table 2 provides information on facilities and

) . economic life of 10 years.
structure needed for the project and their market
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Table 2: Facilities and structure for the solar pv mobile phones charging project

S/N  Item description Capacity Quantity Unit Total cost
0 cost (Naira)
(Naira)
1. Solar module (mono) 200 Wp, 12V 2 30,315 60,630
2. Storage battery (Deep cycle) 12 V 150 Ah 2 90,000 180,400
3. Charge controller 20A 12V 1 9,500 9,500
4. Inverter 12V220 V0.1 kW 1 11,000* 11,000
5. Charging kiosk” 1 15,000 15,000
6. Cable 2.5 mm? (flex) 5m 200/m* 1,000
7. Extension box, with 10 sockets 1 5,000? 5,000
8. Installation expenses 15,000 15,000
Sub-total 297,130

9. Transport cost (average) (at 5%

of sub-total) 14.856.5
0. Exigencies (at 10% of sub-total) 29.713

Total 341,699.5
(US$830.999)
*Estimated

®The installation of pv modules on kiosk rooftop is recommended where possible.

‘US$1 =411.196 Naira (Oanda, 2021)

In the financial analysis of the project, the
arithmetic gradient series model was used to
estimate the annual operating expenses over the
overall economic life of the solar pv mobile
phones charging project, n (= 10 years). In the
model, the annual operating expenses of the
project were estimated at A; in the first year and

G more Naira for each additional year until the
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end of the tenth year (an increasing gradient
series). The Present Worth-cost (PW-c) of annual
operating expenses was first calculated (Equation
6) and thereafter was converted to Annual Worth-
cost (AW-c) using equation 7 after Ilori et al.
(1997).
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PW-c = A; (P/A, i%, n) + G (P/G, i%, n)
(6)

AW-c =PW- (A/P, i%, n) @)

Where i is the minimum attractive rate of return
(MARR), and the factors (P/A, 1%, n), the
uniform payment present worth factor, (P/G, 1%,
n), the gradient to present worth conversion
factor, and (A/P, 1%, n), the capital recovery
factor were obtained from the interest table. A;
and G were estimated at 148,500 and 22,275
Naira, respectively, for the project operating at

100% capacity.

The MARR, i, of 16.3% was obtained from
equation 8 after Finck and Oelert (1985):

i-|

(1004p)
(100-+a)

]xlUU-—lUU
®)

Where p is the annual average maximum lending
rate in Nigeria for 2018 to 2020 = 30.50%
(Central Bank of Nigeria (CBN), 2021a), and a,
is the annual average rate of inflation for 2018 to
2020 = 12.25% (CBN, 2021b). A three-year
average was used due to market instability in
Nigeria. The Net Present Value (NPV) model was
used to inspect the ability of the project to make
a profit from the perspective of an entrepreneur
before tax. The model refers to the equivalent of
a single sum of money to be received or disbursed

at t = 0, if all future receipts and disbursements
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over time are discounted to the present. The

model is specified by Adeoti et al. (1999) as:

NPV = Zt=04: (P/F, i%, n) = - I,
+E::1-'"!'[{1+ i)~ 9)

Where I, is the initial investment cost, A; is the
net cash flow [= (C, — Cc) ] at the end of year (t),
Cy is the annual cash benefit of the solar pv
mobile phones charging project in Nigeria, C. is
the annual cash cost of the project (obtained from
equation 7), n and i are as defined above, and the
factor (P/F, 1%, n), the single payment present
worth factor. If NPV is positive, then the project
is worthwhile, otherwise not. The NPV model is
usually preferred as an investments decision
guide because of its ease of use, robustness, and
consistency (Park and Sharp-Bette, 1990). The
model has been used in the profitability analysis
of various engineering and technical projects
(Ilori et al., 1997). The discounted payback
period (P,) was used to inspect the riskiness of the
project. The discounted payback period (Pp) is
defined by DeGarmo et al. (1979) as the period of
time starting from the first day of the project
required to fully recover the initial investment
and operating expenses. The project is not a risk
if the discounted payback period is lesser than the
overall economic life of the project, otherwise
not. The calculation formula in terms of present

value by Adeoti et al. (1999) is:

Ef;;] [ Cﬁ -
(10)

Cl (14 iy~ =0
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The discounted payback period (P,) is the
smallest t that satisfies equation 10 above. (Cp —

C.) and i are as defined above.

4. RESULTS AND DISCUSSION

Table 3 illustrates the cash flow analysis of the
solar pv mobile phones charging project at four
capacity utilisations: capacity A, 40%; capacity
B, 60%; capacity C, 75%; and capacity D, 100%.
As shown in Table 3, the initial investment cost
is made up of the capital investment cost,
341,699.50 Naira. No pre-production investment
expenses are expected. The annual operating
expenses were estimated at 148,500 Naira for the
first year at 100% capacity utilisation (Table 3).
The solar pv mobile phones charging project will
require one semi-skilled attendant (optional). Its
wages in the first year will amount to 120,000
100%

operating expenses at 100% capacity utilisation

Naira at capacity utilisation. Other
include the maintenance cost (for example,
dusting the surface of the solar modules during
the dry periods for effective performance,
readjusting the socket pins and the charge

controller thresholds, etc.) and exigencies (for

example, replacing blown fuse, etc.). It should be
noted that the annual operating expenses were
readjusted over the economic life of the project
considering market instability in Nigeria using
equations 6 and 7 to obtain 221,979.34 Naira per
year used in the paper. In the estimation of
revenue from the charging of mobile phones, the
50 Naira per charge was used. As highlighted in
Section 3.1, at 100% capacity utilisation, about
9,000 charging times per year are expected. This
translates to 0.45 million Naira per year. At a
minimum, about 90 mobile phones will be needed
to realise the 9,000 charging times per year.
Estimates for other production capacities for
annual operating expenses and revenue in the first
year are also illustrated in Table 3. The other
capacities were considered assuming that (i) there
is a significant improvement to grid electricity
supply, (ii) grid electricity extension to rural and
unconnected rural households, (iii) fall in the
prices of fossil fuels/generators, encouraging
(iv)

opportunities to charge for free in rural areas. The

self-generation, and/or increasing
cash flow diagram of the project at 100 per cent

capacity utilisation is shown in Figure 3.

Table 3: Cash flow (in Naira) of the solar pv mobile phones charging project

Cost factor Capacity A Capacity B Capacity C Capacity D
Initial investment cost:
- Capital investment (from 341,699.5 341,699.5 341,699.5 341,699.5
Table 3)
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Annual operating expenses:

- Labour 48,000 72,000 90,000 120,000
- Maintenance and repair 6,000 9,000 11,250 15,000
- Exigencies (at 10% annual
operating expenses) 5,400 8,100 10,125 13,500
59,400 89,100 111,375 148,500
sub-
total
Annual revenue:
- Revenue from mobile phones 180,000 270,000 337,500 450,000
charging 58,088.92 47,837.93 41,003.94 30,752.96
- Salvage value
NPV 107,080.46  322,790.13  484,761.01 754,964. 29
(US$260.41)
(US$785.00) (US$1,178.91) (US$1,836.02)
The discounted payback period at 100% capacity utilization 2 years
Cri1- 10 =124 30,000
Y F Y &

& Salvage value = 230,752 96

i=163%
Y b ;
v #

Ceq -1y =M221079354

Iy =134166030

10

Fig. 3: Cash flow diagram of the mobile phones charging project (before tax)

The profitability analysis (Table 3) shows a
positive NPV before tax for the project operating
at the four different capacity utilisations

considered in this paper. This shows that the

project will make some profit from the
perspective of an entrepreneur at the four capacity
utilisations since their NPVs are greater than

zero. In addition to this, the discounted payback
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period at 100% capacity utilisation is 2 years (see
Table 3). This suggests that at 100% capacity
utilisation, the project has a good feature of not
being a risk as the initial investment cost and the
operating expenses of the project can be
recovered within a period of 2 years which is less
than the overall economic life of the project, 10

years.

5. SENSITIVITY ANALYSIS

Considering  market instability, possible
improvements to grid electricity supply and other
factors as highlighted above which could

constitute a risk to the project, the behaviour of

Table 4: Results of sensitivity analysis

the solar pv mobile phones charging project was
tested with its effect on profitability from the
perspective of an entrepreneur. Three main
factors that could affect the project’s profitability
(or internal rate of return (IRR)) were selected to
carry out the sensitivity analysis at 100% capacity
utilisation using the NPV model. The selected
factors are: initial investment cost, mobile phone
charging price, and annual operating expenses.
The results of the sensitivity analysis, illustrated
in Table 4, reveal that the selected factors have a
significant effect on the profitability of the
project in the following order: (a) charging price,
(b) initial investment cost, and (c) annual

operating expenses.

Factor IRR? (%) Variation IRR (%)
(original (varied
state) state)

Initial investment cost 66.32° Increase 20%  54.91

Decrease 10%  73.85

Charging price 66.32 Increase 10%  79.67

Decrease 20%  38.88
Annual operating 66.32 Increase 20%  52.97
expenses

Decrease 10%  72.92

*The Internal Rate of Return (IRR) criterion also reflects the profitability of a project. When the IRR is

greater than the MARR in the financial analysis, the project is worthwhile, otherwise not. Its calculation

YogA: (1+irr)~t _ 0

formula (Adeoti et al., 1999) is:
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At IRR of 66.32%, the project will bring sufficient funds to pay for itself in 10 years and also provide the

entrepreneur with a return of 66.32% on its invested capital over the overall project life

However, with the IRR of the selected factors in
their varied state (see column 4 of Table 4)
greater than 16.3% (the MARR), this suggests
that the three factors if varied in cost (as
suggested in column 3 of Table 4) will not
constrain the ability of the project to make a
profit. The project will lack the ability to support
its own development if the project IRR (see
column 2 of Table 4) is less than 16.3%, the
MARR. Besides 100%
utilisation, using the NPV model, the project

this, at capacity
becomes unattractive if the charging price falls
below 33.00 Naira per mobile phone. Also, the
project becomes unattractive at a capacity

utilisation below 40 per cent.

6. OTHER BENEFITS OF THE PROJECT

Global greenhouse gas emissions due to human
activities have grown since pre-industrial times
(Intergovernmental Panel on Climate Change
(IPCC), 2007). However, Nigeria ranks as one of
the highest producers of greenhouse gases in
Africa, estimated at 2 x 10° COxq per capita in
2015 (The Federal Government of Nigeria,
2015). Due to their advantages in reducing
emissions as well as being sustainable, solar pv
technologies are attracting increasing attention all

over the world (Chen and Bi, 2017). Solar pv
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technologies do not emit any direct greenhouse
gases during operation (Joshi et al., 2009).
Therefore, it could be used to realise Nigeria’s
pledge to unconditionally reduce carbon
emissions by 20 per cent under the Paris
Agreement. Besides its financial benefits from
the viewpoint of an entrepreneur (see Tables 3
and 4), investments in solar pv mobile phones
charging projects also have some other important
advantages at the societal level. These include
load reduction on the national grid, climate and

health value. These are further discussed below.

At an average of 3 W per mobile phone and with
roughly 10 million mobile phones-in-use in rural
areas [it is roughly assumed that rural dwellers
account for 8 per cent of the mobile phones-in-
use in Nigeria, although a 2015/16 survey
revealed that 48.3 per cent of rural dwellers in
Nigeria owned a mobile phone (NBS, 2016)],
about 30 MW of electricity will be drawn from
the national grid. Using an average charging time
of 208 hours per year per mobile phone, translates
to 6.24 GWh of electricity consumed. Should
rural dwellers switch to solar pv, this represents
the overall energy that will be saved which could
be available for the underserved areas in Nigeria.
In terms of impact on climate and health, using
private fossil fuel-based generators or power
plants (as in the case of grid electricity) to charge
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mobile phones would result into the emissions of
gaseous pollutants (such as — carbon monoxide
(CO), carbon dioxide (CO,), sulphur dioxide
(SO»), nitrogen oxides (NOx), etc) and black
carbon. These gases and black carbon have been
implicated in climate change (Akindele, 2016;
Ani, 2016; Icdz et al., 2008). In the case of grid
electricity supply, based on the life cycle
approach (LCA), the CO; emissions from hydro
and gas-fired plants vary (see — World Nuclear
Association, 2016; Time for Change, 2018).
Using a conservative average for the case of
Nigeria due to a paucity of data, CO, emissions
from hydro plants are estimated at 0.01 kg/kWh,
while from gas fired thermal plants are put at 0.45
kg/kWh — averaged at 0.23 kg/kWh due to the
epileptic operation of power plants in Nigeria.
For mobile phones in rural areas, assuming fully
on grid supply, this would amount to 1.44 x 10°
kg CO; emitted into the atmosphere per year. On
the other hand, assuming mobile phones-in-use in
rural areas are powered by private generators, the
CO; emissions would translate to 11.81 x 10° kg
CO; per year as calculated below: Using the
popular 0.65 kW gasoline generator by vendors
in Nigeria to charge, to generate 30 MW of
electricity will require about 0.046 million units
of 0.65 kW capacity gasoline generators. On
average, each generator consumes about 0.5 litres
of E10 (90 per cent gasoline, 10 per cent ethanol)
per hour. From the literature, the CO; emissions
value of E10 fuel (oxidation factor of 0.99)
translates to 2.27 kg/litre (Serpa, 2008). On the
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average, a 0.65 kW generator would power about
200 mobile phones (at an average of 3 W per
phone). Therefore, the CO, emissions per phone
per hour of charging would translate to 5.68 x 10
3 kg. Charging for an average of 208 hours per
mobile phone per year would emit 1.18 kg CO»
into the atmosphere. For the assumed 10 million
mobile phones-in-use in rural areas, this
translates to 11.81 x 10° kg CO, being emitted

into the atmosphere per year.

Apart from heat, vibration, and noise (Mbamali et
al., 2012), the use of private fossil-fuelled
electricity generators also poses important health
and safety risks especially when these generators
are used indoors or in close proximity to humans
(Ani, 2016). Fumes from fossil-fuelled electricity
generators contain many known or suspected
cancer-causing substances, such as benzene,
arsenic, and formaldehyde. Studies have shown
that exposure to volatile organic compounds such
as gasoline and diesel fuels are associated with a
wide variety of deleterious health effects
including respiratory diseases such as lung edema
and haemorrhage, liver and kidney diseases and

(Bin-Mefrij and Alwakeel, 2016).
Ekpenyong et al. (2013) reported that inhalation

cancer

of gasoline fumes could interfere with ovarian

functions leading to disordered menstrual
characteristics and female sex hormone profiles
as well as future reproductive impairment in
women. Bin-Mefrij and Alwakeel (2016)
revealed that exposure to fumes of gasoline and
diesel fuel had implications on kidney and liver
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function. The burning of gasoline- and diesel fuel
has been implicated in the production of
isocyanic acid which contributes to adverse
health  outcomes such as cataracts,
atherosclerosis, and rheumatoid arthritis (Jathar
et al., 2017). According to Oseni (2016), exhaust
from diesel fuel has resulted into irritation of the
eyes and nose, asthma, chronic bronchitis and
respiratory disorder. The emission of sulphur
dioxide from the exhaust of gasoline and diesel-
fuel powered engines has also been implicated in
the formation of acid rain and particulate matter,
with the latter being held responsible for

respiratory  illnesses, including increased
frequency in bronchitis and asthma (Olatunji et

al., 2015).

Studies have also linked premature death,

cardiovascular and respiratory disorder to
exposure to black carbon (Turner et al., 2015).
There were indications that inhalation of, and/or
exposure to, fumes had resulted into deaths (This
Day, 2017; Obahopo, 2017). For example, a
report indicated that between 2008 and 2014 no
died through
inhalation of fumes from private electricity

generators (Anyagafu, 2014). In May 2017, a

fewer than 10000 Nigerians

widow and her three children in the Ikorodu area
of Lagos, Nigeria lost their lives after being
poisoned by generator fumes (This Day, 2017). A
couple and their three children were reportedly
suffocated to death from generator fumes at Oleh
Isoko South Local

in Umeh Community,

Government Area of Delta State, Nigeria in
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October 2017 (Akuopha, 2017). A preliminary
investigation revealed that two middle-aged
women died of inhalation of generator fumes in a
shop in the Oredo Local Government Area of Edo
State on Tuesday, 12 December 2017 (Okere,
2017b). More recently, four Lagos-based family
members were reportedly killed by fumes from a
generator in the Irepodun Local Government
Area of Kwara State on Wednesday, 21 July 2021
(Oyekola, 2021). In the US, acute carbon
(CO)

gasoline-powered generators have also resulted

monoxide exposures from portable
into death (Emmerich et al., 2016). Therefore,
investments in solar pv mobile phones charging
project will not only save grid electricity use, it
will also provide some climate and health value

at the societal level.

7. CONCLUSION
RECOMMENDATIONS

AND

Under the various assumptions made, this paper
has shown that the solar pv mobile phones
charging project has some financial benefits
when evaluated from the perspective of an
entrepreneur and the potential to support its own
development. Investments in solar pv mobile
phones charging project also have some added
advantages of job creation, load reduction on the
national grid, climate and health value. To
promote investments in solar pv mobile phones
charging project, it is recommended that
governments should plan and implement pilot
schemes in rural financial

areas, provide
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incentives for would be rural investors, and
educate rural dwellers on its potential advantages.
Encouraging local production of solar pv

equipment especially in developing economies
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ABSTRACT

Sustainable Development Goal (SDG)7 seeks to ensure universal access to affordable, reliable, sustainable
and modern energy by 2030. In realization of this objective, governments in Sub-Saharan Africa, in
partnership with local and international agencies, have launched some initiatives such as: Power Africa,
Electrification Financing Initiative and Energy Africa Campaign, aimed at improving electricity access in
the sub-region. Progress has been slow, but remarkable. So far, only about Six Hundred (600) million
people representing half of Sub-Saharan Africa’s population have access to electricity. Electricity
Prosumerism is a distributed power generation concept that can accelerate electricity access in the sub-
region. The concept stimulates own-generation, minimizes transmission losses, reduces overall ownership
cost and makes electricity more accessible, reliable and affordable. These attributes are essential for
achieving SDG7 in a sub-region characterized by low per capita income of Seven Hundred and Sixty-Two
United States Dollar ($762.00) only and high energy poverty. This paper examines how Electricity
Prosumerism can be utilized to achieve SDG7 in Sub-Saharan Africa, challenges and proposed solutions.

Keywords: Electricity Prosumerism, Energy Poverty, Renewable Energy (RE), Sustainable Development

Goal (SDG)-7, Sub-Saharan Africa

1 INTRODUCTION responsible for high rate of rural-urban migration,
Sub-Saharan Africa has the lowest electrification widening gap between the rich and the poor, as
rate (44%) in the world; with about Six Hundred well as high unemployment and crime rates in the
(600) million people unelectrified (Brookings, sub-region.

2021; Economist, 2021; World Bank, 2021).
Energy poverty in the sub-region (excluding

Sequel to the substantial success of the
Millennium Development Goals (MDGs), the

South: Africa) is very high, with a per capita United Nations General Assembly in 2015

clectricity consumption of 124kWh — the lowest developed a blueprint — Sustainable Development

in the world (Africa Energy Portal, 2018; Institute Goals (SDGs) — to be used as the framework for

for Advanced Sustainability Studies, 2016a). benchmarking futwe global development

Electrification rate within the sub-region is highly (Sustainable Development Goals Fund, 2021;
Wikipedia, 2021). The SDGs, a collection of 17
closely linked Global Goals, will elapse in 2030.

Goal 7 of the SDGs focuses on Affordable and

uneven, characterized by higher rates in urban
areas and much lower rates in the rural areas.

These poor electrification indices are partly
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Clean Energy.

Although Sub-Saharan Africa is blessed with
abundant energy resources including fossil fuels,
the region suffers from poor energy security. The
sub-region is still a net importer of processed
fossil fuels. According to the Institute of
Advanced Sustainability Studies (2016b), the

Sub-Saharan  Africa energy situation is
characterized by unreliable power supply
(frequent grid outages), expensive and
unaffordable electricity tariffs ($130 -

$140/MWh which is among the highest in the
world), and excessive dependence on unclean
sources of energy (50% of businesses operate
diesel back-up generators). Traditional biomass,
an unclean energy source, remains the dominant
source of energy in the sub-region, mostly for
cooking. Useable energy is thus produced
substantially from polluting sources. Thus,
whereas energy in the sub-region is abundantly
available in naturally occurring forms, it is not

sufficiently available in processed and useable

forms such as electricity.

Africa, in partnership with other governments
and international agencies, have developed some
initiatives aimed at improving access to
electricity in the continent such as: Power Africa,
New Deal for Energy in Africa, Energy Africa
Campaign, Sustainable Energy Fund for Africa,
Electrification Financing Initiative and African

Energy Leaders Group (Mendoza, 2016).

Electrification can be achieved by either
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conventional power generation or via renewables.
The Middle East hydrocarbon export embargo to
Western Europe and the United States in the mid-
1970’s exposed the later’s then vulnerability to
hydrocarbon imports and weak energy security.
This led to extensive investment in research and
development in alternative energy especially,
renewable energy. This consequently led to the
discovery and deployment of more efficient
processes for renewable energy utilization, steady
decline in Levelized Cost of Electricity (LCOE)
and increasing share of electricity consumption

from renewables across the world.

The dominant global energy theme since the
1970’s Middle East embargo has become the
3D’s: Decarbonization, Decentralization and
Digitalization. As part of its decarbonization
vision, the European Union has set 2050 as its
target year to attain carbon-neutrality (European
Union, 2021). This has led to significant
decarbonization of technology and supply chains
in the global energy world. For example, due to
the high carbon footprint associated with the coal
industry, no new coal power plant licenses are
being granted in western Europe and USA.

Research and development investments in coal

technology have also significantly declined.

Renewable energy has thus become the preferred
method of electrifying unserved and underserved
areas especially, in locations remote from the
grid, often with low population density and

abundant renewable energy resources.

The previous trend for renewable energy
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deployment was via own-generation with Feed-
In-Tariff (FIT) option for grid integration; a
concept associated with prosumerism. Over time,
the emphasis about the concept changed slightly
to electricity generation in close proximity to
consumers, with little or no transmission
required; a concept associated with distributed
generation. However, this has changed further
through the introduction of Peer-To-Peer (P2P)
energy trading; a concept that enables the trading
of electricity between two or more consumers
directly between themselves without the need for
any intermediary such as the grid. This paper
focuses on providing access to reliable electricity
in Sub-Saharan Africa through electricity
prosumerism, complemented by P2P energy

trading.

2 ELECTRICITY
AND ITS ENABLERS

PROSUMERISM

Electricity prosumerism is the concept of an
entity self-generating its electricity needs and
exporting excess generation to third parties
(Energy Community Regulatory Board, 2020;
European Parliament Think Tank, 2021). The
entity that engages in this act is called an
electricity prosumer. Electricity prosumerism
reduces over-dependence on grid or imported
power. The exported energy from prosumers may
or may not be through third parties. If the export
does not require a third-party platform, the model

is called Peer-to-Peer (P2P).

2.1 P2P is a business model based on inter-

connected  platform  whereby electricity
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prosumers trade excess electricity generation
directly to consumers without the need for a third
party such as the grid (Hansen, Friis, Jacobsen
and Gram-Hanssen, 2019; IRENA, 2020). P2P is
also called ‘Uber’ or ‘Airbnb’ of energy. P2P is a
strong  business enabler to electricity
prosumerism largely because of its diverse

benefits which include:
a. Enhances energy penetration
b. Reduces grid congestion

c. Promotes decentralization by reducing
the size of power plants required to be

built
d. Reduces size of grid infrastructure

e. Reduces grid (transmission) losses since
the prosumer is located close to the

consumer
f.  Provision of ancillary services to the grid

g. Enhances energy security by reducing

power outages due to external
perturbations such as natural disasters,

wars, cyber-attacks, etc.

h. Deepens energy resilience against power

outages
i. Improved access to electricity, etc.

The P2P business model has proved successful in
some countries such as: Columbia, Germany,
Malaysia, Netherlands, Portugal, UK and USA.
Examples of successful P2P companies are:
Colombia Initiative

Transactive  Energy
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(Columbia); Lition (launched in 2018), Germany
which enabled 20% lower cost of electricity for
consumers and 30% increase in revenue for
power  producers; Sonnen  Community
(Germany); Sustainable Energy Development
Authority (Malaysia); Vandebron (Netherlands);
EU Clean Energy Package (CEP) — a P2P
regulatory framework which created Citizens
Energy Communities (CEC); Piclo (UK) and
Brooklyn Microgrid (USA) — a P2P microgrid
market based on blockchain technology (Anisie
and Boshell, 2020; Lee, 2017 and Zhnag, Wu,

Zhou, Cheng, Long, 2018).

Electricity prosumerism, in combination with
P2P model, is an opportunity that offers a private-
sector driven complementary alternative to
conventional electricity generation that will
accelerate access to electricity in Sub-Saharan
Africa. The size/capacity of power generation
required by electricity prosumers is often small;
hence, the scale of the required investment is low
and more affordable. This makes it attractive for

Sub-Saharan Africa economies.

2.2 Another key business enabler to
electricity prosumerism is Distributed Energy
Resources (DER). DERs are small-scale power
generation sources located in close proximity to
consumers, often utilizing renewable energy
resources (Capehart, 2016). Most electricity

prosumers utilize DER technology.

3. CHALLENGES OF ELECTRICITY
PROSUMERISM DEVELOPMENT IN SUB-
SAHARAN AFRICA
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Despite its benefits, electricity prosumerism
development is faced with several challenges in

Sub-Saharan Africa. These include:

3.1 Rejection of cost-reflective electricity
tariffs. Most Sub-Saharan African countries have
low Ability-To-Pay (ATP) and Willingness-To-
Pay (WTP) for electricity due to low per capita
income level. In these countries, electricity is thus
regarded as a social good. Governments directly
determine electricity tariff and, in most cases, it
is not cost-reflective. This hampers electrification
and

infrastructure development in general,

electricity ~ prosumerism  development in
particular.
3.2 Inadequately incentivized renewable

markets. Electricity prosumerism is substantially
realized from renewable power generation.
However, the Levelized Cost of Electricity
(LCOE) from renewable power generation is
higher than conventional power generation
technologies. Furthermore, renewable power
generation,  unlike  conventional  power
generation, does not yet have a sophisticated and
mature global supply chain. Thus, in order for
power generation from renewables to be
attractive for investment, it is essential that it is
incentivized for it to be cost-competitive. The
incentives for renewable power generation in
Sub-Saharan thus,

Africa is inadequate;

hampering electricity prosumerism development.

33 Threats from traditional power utilities.
According to 2020 Electricity Regulatory Index

Report (ESI-Africa, 2021) which surveyed 36
(NSE) November 2021
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national electricity utilities in Africa, traditional
power utilities identified electricity prosumerism
as a threat to their business. These utility
companies have utilized their strategic influence

in their respective national economies, to

frustrate the development of electricity
prosumerism.
34 Low demand-side management maturity.

Electricity ~ prosumerism is  substantially
influenced by consumer behaviour. In other
words, it is demand-side dependent. However,
the demand-side market in Sub-Saharan Africa is
grossly immature and characterized by low
demand-side technology penetration. This has
reduced the rate of development of electricity

prosumerism in the sub-region.

3.5 Low  penetration  of  disruptive
technologies. The emergence of disruptive
technologies such as net metering, smart
metering,  energy-efficient  products and

blockchain technologies has enabled the growth
of electricity prosumerism in Western Europe and
the United States where electricity prosumerism
market is substantially mature. Unfortunately, the
rate of utilization of these disruptive technologies
in Sub-Saharan Africa is low, thus limiting
electricity prosumerism development in the sub-

region.

3.6 Little Distributed Energy Resources
(DER) penetration. DER has already been
identified as strong business enabler to electricity
prosumerism. However, DER penetration in Sub-

Saharan Africa is poor. This has mitigated against
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the development of electricity prosumerism in the

sub-region.

3.7 Access to market data. Electricity data in
Sub-Saharan Africa are often not readily
available to the public. These data are essential
for decision-making not only by government and
regulators but also by investors and consumers.
Limited availability and access to electricity
market data hampers investors and consumers

interests and active participate in electricity

markets especially, electricity prosumerism.

3.8 Low level of awareness of electricity
prosumerism. There is a low level of awareness
about the benefits of electricity prosumerism in
Sub-Saharan  Africa  especially,

This

amongst

electricity ~ consumers. has  limited

investment in and development of the market.

4 SOLUTIONS FOR ACHIEVING
SGD 7 IN SUB-SAHARAN AFRICA
THROUGH ELECTRICITY
PROSUMERISM

The  Technical,
Operational and Political (TECOP) challenges

Economic,  Commercial,
associated with conventional power generation,
transmission and distribution in Sub-Saharan
Africa must be avoided while developing
electricity prosumerism. In order to achieve this,
it is fundamental to ensure that an appropriate
policy environment is created for a successful
activation

and development of electricity

prosumerism. This includes:

4.1 Cost-reflective electricity tariff.
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Governments in the sub-region should introduce
and support cost-reflective electricity tariffs in
investments

order to attract in electricity

prosumerism as well as other aspects of
electricity infrastructure development. This will
promote access to electricity for people in the

sub-region especially, the rural population.

4.2 Incentivized renewable development.
Governments should provide adequate incentives
for renewable energy development, the bedrock
of electricity prosumerism. This will engender
attractive  investments

especially  private

investors, to electricity prosumerism via
renewable energy schemes, and thus improve
access to electricity and enable the realization of

SDG-7 in the sub-region.

4.3 Protection of electricity prosumers from

utility  cartels. Traditional power utility
companies have much larger financial and
technical capacity than electricity prosumers. The
former, being few in number, can form cartels
such as the Association of Power Generation
Companies (APGC) in Nigeria and influence
Government and regulators in ways that may
stifle the survival and development of electricity
prosumers, whom they already perceive as
business threats. Governments in the Sub-
Saharan Africa should put in place measures to
ensure that electricity prosumers are adequately

protected from larger competitors.

4.4 Deepening demand-side technologies.
Sus-Saharan Africa governments should create

more awareness about the benefits of demand-
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side technologies e.g., battery storage technology
and also develop and implement policies that will
make these products affordable to people. This
will stimulate and deepen the demand-side
technologies market in the sub-region which are

widely used by electricity prosumers.

4.5 Policies that encourage the deployment
of disruptive technologies. Governments in Sub-
Saharan Africa should put in place measures that
will deepen the penetration of disruptive
technologies e.g., smart meters and blockchain
technologies. These are products vastly used by
electricity prosumers. The wide acceptance and
use of these technologies will enhance the growth

of electricity prosumers in the sub-region.

4.6
Development (R & D) of Distributed Energy

Investment in Research and
Resources (DER) technologies. Since, electricity
prosumerism is almost exclusively associated
with DER technologies, it means that investment
in research and development of DER
technologies will support electricity prosumerism

penetration in the sub-region.

4.7 Enhanced access to energy market data.
Access to energy data is essential for decision-
making by market participants in the energy
market. It is therefore important for government
and the organized private sector to provide access

to accurate energy data to electricity prosumers

for optimal decision-making (Leal-Arcas,

Lesniewska, and Proedrou, 2018).

4.8 Market  sensitization.  Governments
(NSE) November 2021
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should create the enabling environment for
investment in electricity prosumerism and also
embark on intensive sensitization of investors and
consumers about the potentials of the market.
Governments should create interactive fora
between prosumers (investors) and consumers for
enhanced understanding of market interests. This
will engender participants interests in the market

and thus promote the development of electricity

prosumerism.

4.9 Integrability to other markets. In a
rapidly changing energy world where consumer
behaviour is continuously evolving, electricity
prosumerism has to be adaptive to changes. More
importantly, electricity prosumerism has to be
scalable and integrable to emerging markets

otherwise consumers may reject it due to

inflexibility.
5. CONCLUSION

Electricity prosumerism can be utilized to
achieve accelerated access to energy in Sub-
Saharan Africa. Introducing cost-reflective
electricity tariffs, incentivizing renewable energy
development, providing access to energy data and
promoting integrable options to other electricity
markets are some of the changes that need to be
presented to the policy environment to support
the development of electricity prosumerism.
Research and development in disruptive
technologies is also essential in this regard.
These, in combination with conventional energy
generation, will enable Sub-Saharan Africa attain

SDG-7.
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ABSTRACT

Human activities are characterized by an uphill energy consumption profile and the associated
demands have attracted Research & Development (R&D) activities to search for energy sources that
combine good efficiency, profitability and environmental friendliness. Mechanical energy is readily
available in the environment from vibrating structures, moving objects, & vibrations induced by flowing
air or water and can be reused or converted to other forms of energy for various applications. One of
such applications utilizes electromechanical conversion characteristics of piezoelectric material to
capture, store and generate energy on micro level. This study presents an assessment of Piezoelectric
Energy Harvester (PEH) technology in order to establish its viability and applicability for energy
harvesting for road applications. Samples of PEH were inspected for cracks before use and stress was
applied on samples stacked with adhesive in series to determine the electric output of the samples using
the destructive compressive test machine, and 2.5kg proctor compaction rammer. Also, X-ray
fluorescence analysis (XRF) was carried out on the samples to ascertain its’ chemical composition.
XRF result showed that the PEH samples contained a high percentage of Lead (Pb) and Zirconium (Zr)
indicating the samples are ferroelectric material that is Lead Zirconate Titanate (PZT). However, a
high proportion of silver was observed as a result of the coating applied to the PZT material. It was
also observed that there is a relationship between stress and voltage on the PZT tranducer. A single
PZT tile of 35mm diameter depending on the stress applied produced an average voltage of 0.5VAC —
51.1VAC. Furthermore, to evaluate its applicability, PEH panel circuit was developed with
Polyvinylidene Fluoride (PVDF) sheet as casing material. The panel was tested to map out the average
voltage that can be generated to power an LED luminaire. The applied stress measured a maximum

voltage of 27.3VDC sufficient to power a DC type Light Emiting Diode (LED) lighting.

Keywords: Energy harvesting, Piezoelectric, Electromechanical Conversion, Ferroelectric, Electrical

output
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1. INTRODUCTION
Human activities are characterized by an uphill
energy consumption profile that has negative
concern on energy security and environmental
sustainability. The associated effects have
attracted R&D activities to search for energy
sources that combine good efficiency,
profitability and are environmentally friendly
(Moure et al., 2016). Within this issue, there
have been increasing interests in sustainable
energy sources. Amongst such technologies, is
the use of piezoelectric materials as alternatives
to the conventional electrochemical battery
(Calio et al., 2014; Kim et al., 2011; Shu &
Lien, 2006). Consequently, the possibility to
avoid replacing or recharging of battery with
limited life span compared to the working life
of the devices to be powered has seen a
dramatic rise in energy harvesting and offers a

shift towards self-powered sources (Kim et al.,

2011; Shu & Lien, 2006).

Energy harvesting also referred to as energy
scavenging is based on the philosophy to
“capture minute amount of energy from one or
more of the surrounding energy sources,
accumulate them and store them for later use”
(Kim et al, 2011). These surrounding energy
sources include solar energy, acoustic noise,

human motion and mechanical vibration to
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name a few. Among these surrounding energy

sources, mechanical vibration offers a
significant potential energy source that is
abundant in nature and also resulting from
human activities which can be easily harnessed
through  micro-mechanical  systems for
conversion to electrical energy. Piezoelectric
materials based on fundamental structure of
their crystal lattice behaves on the principle of
the effect which

piezoelectric converts

mechanical strain into electrical voltage
(Hossein et al., 2016; Xiong et al., 2016; Calio
et al, 2014). As such, the feasibility of
harnessing energy parasitically offers a shift
from the conventional approach of powering
road infrastructures to the use of integrated

piezoelectric pavements.

Several publications have been published on

the potential and possibility of wusing
piezoelectric materials to generate useable
energy. For instance, Howells, in 2009
developed four proof of concept heel strike unit
made of small piezoelectric generated fitted in
the heel of a boot. Results show that average
power produced by the heel strike system is
much less than 0.5W which was caused from an
opposing torque not completely cancelled. This
leaves room for optimization thereby increasing
(2017)

energy output. Also, Fan et al,
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evaluated the performance of piezoelectric
energy harvester by scavenging energy from
human  motion  through  piezoelectric
transduction as a feasible alternative to batteries
for powering portable devices and realizing
self-sustained devices. Result obtained indicate
that the proposed PEH can scavenge energy
from both the vibration and the swing and is
capable of producing multiple peaks in voltage
output during each stride and this is as a result

of the superposition of different excitations.

In Xiong et al., (2016), an energy harvester
based on PEH was developed to harvest energy
from pavement deformation in real-time. Result
establishes a relationship between energy
generated and axle loading with average output
of the installed PEH at 3.106mW. Further
analysis also shows that only 14.43% of the
applied load was transferred to the piezoelectric
material. As such, the design of the developed
harvester can be improved. Madhuranath, et
al., (2016) in his design model, considered
integration of piezoelectric materials in tyres
using the principle of a vibration based
piezoelectric generator utilizing mechanical
energy within a rolling tyre to serve as an
energy source for moving vehicles. The result
postulates the benefit of the system design to

electric car application.

The earliest experimental result on crystals of
tourmaline, quartz, topaz, cane sugar and

Rochelle salt by Pierre and Jacques Curie in
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1880 showed a great scope. Quartz and
Rochelle salt exhibited most piezoelectricity.
From 1880 to First World War the mathematics
of direct and converse piezoelectricity has been
developed. During Second World War the
ferroelectric ceramic (Barium Titanate) was
invented. Subsequently PZT (Lead Zincronium
Titanate) was reported by Shirane at the Tokyo
Institute of Technology. Various version of
PZT subsequently became the prevalent
piezoelectric ceramic material due to their
major advantage over barium titanate
(BaTiO%®) ceramics, better reproducibility and
higher speed of propagation. A majority of
piezoelectric  generators that has been
fabricated and tested use some variation of
PZT. Typically PZT is used for piezoelectric
because of its

energy harvester large

piezoelectric  coefficient and  dielectric
constant, allowing it to produce more power for
a given input acceleration. In 1969, strong
piezoelectricity was observed in PVDF
(Polyvinylidene Fluoride) (Keawboonchua et
al., 2000; Engel et al., 1997; Ottman et al,
2002; Lefeuvre et al., 2006; Roundy et al,
2003; Williams et al., 1996). The most easily
available piezoelectric sensor is PZT and we
have used two of its form one is in the form of
rounded diaphragm and other is a PZT sheet.
For a piezoelectric material to induce maximum
charge it must be strained between its self-
resonant frequency (SRF) ranges.
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The use of piezoelectric in harvesting energy is
practically a new approach that has not been
studied thoroughly especially in Nigeria.
Various factors such as the effect of traffic
speed, traffic volume, traffic load, applicability

inroads, walkways, and the effect of integrating

into pavement and so on are still unknown. For

instance, Jung, 1., Shin, assessed the
functionality —of piezoelectric in road
application by analyzing awareness and

expertise of the technology. Research showed
that awareness and expertise in this sector were
limited with no established standard on
implementation. Therefore, to create a basis for
future development, this study seeks to assess
Piezoelectric  Energy  Harvester (PEH)
technology in order to establish its viability and
applicability for energy harvesting for road

applications.

2. MATERIALS AND METHOD
The research method presented by Xiong et al.,
(2015) was adopted in order to develop an
energy harvester panel prototype consisting of

piezoelectric ceramic tiles. The electric
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productivity of the energy harvester developed
would be evaluated by measuring the output
voltage generated. Since, the generated output
is a function of the stress applied over a period
of time, Fluke 289 multi-meter with data
logging function was used to measure and

record voltage data.

An overview of the data collection procedure
and assembly of the piezoelectric panel is
presented in the subsections 2.1 below.
Notwithstanding, the first step was to check
samples for cracks using a digital microscope to
filter out samples with damage as that has an
effect on electrical output. Figure 1 shows a

piezoelectric sample without crack.

It is expected that authors will submit carefully
written and proofread material. Careful
checking for spelling and grammatical errors
should be performed. The number of pages of
the paper size A4 should NOT more than 12.
Technical terms should be explained unless

they may be considered to be known to the

conference community.
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Figure 2: Schematic of a vibrating piezoelectric harvester model and the Energy conversion stages

The harvesting principle of electrical energy
from mechanical energy is shown in Figure. 2.
The piezoelectric transducer remains in direct
contact with the source of vibration. When the

vibration occurs, the piezoelectric transducer
Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

induces the electric charge. The rate of change
of these induced charges with respect to time
gives the alternating current pulses. A static
converter is used before feeding the storage unit

or the electrical load. The transducer used in
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this model are piezoelectric diaphragms or
bender plate that consists of a piezoelectric
ceramic plate (PZT), with electrodes on both
sides, attached to a metal with conductive
adhesive shown in Figure 1. The resonant
frequency of these diaphragms is given by

Helmbholtz’s equation (Ottman et al., 2002).

n

c [ 4a°

fa=
(1

Where f, is the resonant frequency (Hz), C is the
velocity of energy wave, a is the redius of
ceramic diaphragm (cm), d is the diameter of
the support, t is the thickness of support and k
is the material constant. It is considered that
piezoelectric transducers are operated under
self-resonant frequency so that maximum

charge can be induced.

2.1 Piezoelectric Material Composition

In order to understand the technology, the need
to ascertain the chemical composition of
piezoelectric material was necessary because
the voltages obtained from piezoelectric

materials (PZT) differ depending on the

material composition. The study acquired
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sample of 35mm diameter of piezoelectric tiles
based on availability. Each sample of 35mm
diameter piezoelectric ceramic tiles was
subjected to X-Ray Fluorescence analysis
(XRF) tests; to determine the compositions of

the piezoelectric element and metal plate.

2.2 Stacking of Piezoelectric elements

The piezoelectric diaphragm as seen in Figure
1 is made up of two electrodes and metal plate.
The electrodes stick on both sides of the
piezoelectric and are attached to the metal by
adhesive as shown Figure 2. It was essential to
evaluate adhesive suitable to transfer pressure
effectively across the piezoelectric elements
before mechanical testing. As such, samples of

35mm were stacked using three (3) types of

adhesives for experimental setup. The
adhesives were chosen based on their
availability.

e Hot glue gum

e Top Bond: Contact cement adhesive

e Top Bond: General purpose white glue
The application of each adhesive was, per
manufacture’s specifications before subjecting
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the samples to any form of stress 35mm piezoelectric element were stacked in
(Manufacturer’s specified that bonds achieve pairs of four for mechanical testing and were all
full strength within 24 hours). The samples of connected in series using different adhesives.

Figure 4: Mechanical testing using an Automatic Compression Machine (ACM) to apply

pressure to the stacked piezoelectric tiles
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Figure 5: Mechanical testing using a 2.5kg proctor compaction rammer to apply pressure to the

piezoelectric tiles.

2.3  Mechanical Testing of PZT

The pressure applied to piezoelectric element is
directly proportional to the electrical output
generated (Xiong et al., (2015). Therefore,
based on available equipment, pressures were
applied to the stacked samples using
compression machine and compaction rammer

as shown in Figure 4 and Figure 5.

3. RESULTS AND DISCUSSION

3.1 Stacking of the PZT element

The following result was obtained as shown in
Table 3, Table 4 and Table 5. For each of the
adhesives considered. The top bond contact
cement adhesive generated the highest voltage

and current which shows that more stress is
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transferred. Thus, top bond contact cement
adhesive was selected as the most reliable
adhesive in term of power generation from

stacking the piezoelectric tiles.

3.2 Material Composition PEH element

Table 1 and Table 2 present results obtained
when the PZT tiles were subjected to XRF test
to know the constituent elements. With
emphasis on the piezoelectric element as seen
in Table 1, the sample of 35mm diameter
contain a high percentage of Lead (Pb) and
Zirconium (Zr) indicating the samples is a
ferroelectric material which is PZT (lead
zirconate titanate). It was also observed that

there is a high Silver content from result

obtained. This is in agreement with Xiong et al.,
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(2015) literature based on the fact that the
surface of piezoelectric element is coated with
silver to form the electrode. PZT is the most
commonly used piezoelectric material because
it gives the most optimal electrical output when

compared to other piezoelectric materials.

Based on the materials composition, Lead being
the key element is considered to cause cancer
while zirconium is radioactive and also toxic to
humans. This offers opportunity for research
into more environmental friendly element

having the piezoelectric effect.

Table 1: Elemental composition of the piezoelectric element, 35mm diameter

Compo Ti M Fe Ni C Zn Sr Zr Nb A B Y Hf Re Ir Pb
und n u g a b
Conc. 06 00 00 00 0. 00 1. 55 00 64 0. 0. 0. 00 0. 27
Unit% 65 18 34 58 01 13 16 25 8 3 11 02 15 08 22 61
Table 2: Elemental composition of metal plate, 35mm diameter
Compoun S Ca Cr Mn Fe Co Ni Cu Zn Nb A Sb Tb
d i g
Conc. 4 0.0 0.01 0.02 0.01 001 006 597 332 01 2. 00 0.0
Unit % 4 7 0 6 6 0 1 7 9 6 5 5
Table 3: Sample with applied hot glue gum
Type of Stress Maximum Maximum Average Average Minimum Minimum
Application on Current Voltage Current Voltage Current Voltage
the Bubble (mA) W) (mA) ) (mA) \%
wrap
Without any 0.1490 0.539 0.075 0.093 0 0
Force applied
With Finger 0.3450 32.414 0.123 11.513 0.046 0
tapping
Till sample 0.1911 17.95 0.0269 2.52 0.046 0
fractures
Table 4: Sample with applied Top Bond: General purpose white glue
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Type of Stress Maximum  Maximum Average Average Minimum  Minimum
Application on Current Voltage Current Voltage Current Voltage
the Bubble (mA) W) (mA) W) (mA) \%)
wrap
Without any 0.1350 0.1500 0.0630 0.0570 0 0
Force applied
With Finger 0.3450 32.414 0.123 11.513 0.046 0
tapping
Till sample 0 3.0520 0 0.1080 0 0
fractures
Table 5: Sample with applied Top Bond: Contact cement adhesive
Type of Stress Maximum  Maximum Average Average  Minimum Minimum
Application on Current Voltage Current Voltage Current Voltage
the Bubble (mA) W) (mA) W) (mA) \%)
wrap
Without any 0.1710 0.1550 0.1240 0.0920 0.052 0
Force applied
With Finger 0.1770 39.60 0.1070 6.075 0 0
tapping
Till sample 0.1770 39.60 0.1070 6.075 0 0

fractures
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3.3 Mechanical Testing compaction rammer respectively. It is worth
Figure 6 and Figure 7 illustrate the electrical mentioning that the present experimental setup
output against time when pressure is applied from focused on increasing the voltage with low
the compression machine and current thus producing an overall power output of

8.25mW and 15.5mW.
APPARENT POWER GEMERATION CHART

FORCE = 0,5 kM/5Sec

— phnpe [WAL] ss=Cyrrent )

Figure 6: Electrical output from the compression machine

Apparent Power Generation Chart
Force = 146N

— ohage (WAL}  ssmCurmen (ms]

Figure 7: Electrical output from the compression machine
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3.4 Assembling of the PEH panel

The harvesting principle of electrical energy from
mechanical energy is shown in Fig. 9. The
piezoelectric transducer remains in direct contact
with the source of vibration. When the vibration
occurs, the piezoelectric transducer induces the
electric charge. The rate of change of these
induced charges with respect to time gives the
alternating current pulses. A static converter is
used before feeding the storage unit or the
electrical load.

Voltage of 0.5VAC — 21.9VAC generated as
illustrated in the graphical interpretation. It was
also observed that maximum output voltage in
Table 3 to Table 5 exceeds that in Figure 6 and
Figure 7. This is as a result of the type of stress
applied. Oscillatory type of stress offer a higher

energy yield compared to a gradually increasing

Diode
rectifiar

Fiezo
Element| /N

Capacitor ____

static load like in the case of the compressive
machine.

The assembly of the PEH panel consists of
samples of 35 mm diameter piezoelectric element
in series configuration contained within an
engineering plastic; Polyvinylidene difluoride
(PVDF) Sheet to reduce direct impact of stress
that can cause damage while transferring much
needed stress to generate an electrical output as
presented in Xiong et al., (2015).

Figure 8 shows the circuit diagram of the
piezoelectric generator when connected directly
to an LED load adopted. Figure 9, shows an
assembled panel rectified to power an LED load.
As shown in Figure 8, a switch was introduced to
break the continuous discharge of harvested
energy that charges up the capacitor, thus the
capacitor discharges to power the LED when the

switch is toggled.

Switeh

LED

\

Figure 8: Circuit diagram of a piezoelectric generator connected directly to an LED Load
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Figure 9: Piezoelectric harvester prototype with LED load

The continuous state of motion of the human foot
as an input mechanical source provides an
outstanding prospect to energy harvesting by
utilization of human motion. Within one step
multiple peaks in voltage output can be produced
by the prototype piezoelectric energy harvesting
panel. The panel produces steadily increasing
RMS voltage output as the motion on the panel is
enhanced. The prototype assembly operates well,
realizing a maximum rectified voltage of 27.30V

in a single step or stride.
4. CONCLUSION

This study evaluates the potential of piezoelectric
ceramic tiles to harness energy which offers a
shift from the conventional approach of powering
road infrastructures to the use of integrated
piezoelectric pavements. The main findings of

the study include;

1) The results from the XRF show the
samples are PZT with high proportion of
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2)

3)

4)

5)

Lead (Pd), Zirconium (Zr) and Titanate
(Ti). The high Silver (Ag) content is as
results of coating which forms part of the

electrode.

The top bond contact cement adhesive
generated the highest voltage and current
which that stress  is

shows more

transferred  through this adhesive

compared to other adhesive used.

By comparing the type of stress applied,
oscillatory load applied produced a
higher energy output in relation to the

application of static load.

There is a relationship between stress
applied & voltage output. However,
equipment used cannot accurately
establish a direct relationship. As such,
further study need to be conducted to

evaluate the relationship.

So far, an average voltage of 0.5VAC —
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21.9VAC has been generated and it is
expected to improve with other testing

approach.

6) The prototype panel can produce
gradually increasing RMS voltage output
as the motion is enhanced. Also, the
maximum rectified voltage realized is

27.30V DC in a single stride.

7) The performance of piezoelectric energy
harvesters can be further improved by
harnessing  other  electromechanical
conversion mechanisms and

experiments. Invariably, an all-inclusive
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Muhammadlsz, A. Adamul, M.B. Maina! and B.M. Tela?
"Department of Mechanical Engineering, University of Maiduguri, Borno state
Nigerian Nuclear Regulatory Authority, Maiduguri office

ABSTRACT:

This work focused on briquetting of rice husk and groundnut shells to serve as an alternative source of fuel
wood for domestic cooking. The briquettes were produced from the hybridization of groundnut shells and
rice husk residues. Different proportions of the groundnut shell and rice husk (0%GS:100%RH,
25%GS:75%RH, 50%GS:50%RH, 75%GS:25%RH & 100%GS:0%RH) were mixed together with 5% gum
Arabic as a binder and were manually compressed. ASTM D5142-02, standard was used to carry out the
proximate and ultimate analyses of the residues. The compaction, density and relaxation ratios of the
briquettes were also determined according to ASAE standard. Compressive strength was determined in
accordance with ASTM 1037-93 (1995) using universal testing machine. The average compressive strength
of briquette was 3030N/mm?’, while the higher heating value of briquettes was found to be 14162.56kJ/k.
The results further showed that the briquette was effective in boiling water as it took the shortest time (6
minutes, 28 seconds) followed by kerosene with time of 7 minutes and 52 seconds. The efficiency of the
briquettes by determined by using the ratio of work done in boiling the water and the energy consumed.
Among the briquettes, 100% rice husk was the most efficient (10 minutes, 34 seconds) while the least
efficient was the briquette with 75% groundnut shell and 25% rice husk combination with a water boiling
time of 13 minutes and 22 seconds. The findings also showed that briquettes from the combination of rice
husk and groundnut shell is a good alternative source of thermal energy. And it is an economical as well
as environmental friendly means of waste disposal. The research further concluded that briquettes
produced from agro-wastes is a cheap source of thermal energy for domestic applications

Keywords: Keywords: Groundnut-shell, rice-husk, briquette and low-pressure

1. INTRODUCTION in Nigeria. The continuous felling of tress for fuel
The demand for wood fuel is increasing at an contributes to global warming, decreasing
alarming rate, while the supply is diminishing. availability of fuel wood and menace of
Wood in the form of wood fuel, twigs and desertification and deforestation. Therefore, there
charcoal has been the major source of renewable is the need to consider alternative sources of
energy in Nigeria, accounting for about 51% of energy for domestic and cottage industries and
the total annual energy consumption (Akinbami, such energy sources should be renewable and
2001). The rate at which fuel wood are used as accessible to low income earners in the society.
source of energy for cooking and other industrial Agricultural biomass residues are sources of
activities is increasing geometrically by the day renewable and sustainable biofuels, which can

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

281



. Muhammadl’z, A Adamul, M.B. Mainal and B.M. Telaz
Characterization And Production Of Groundnut Shell-Rice Husk Hybrid Briquette Using Low Pressure Densification Technique

contribute significantly to mitigate the effect of
greenhouse gas (GHG) emissions if properly
managed and utilized (Akpenpuun et al., 2020).
Large quantities of agricultural and forestry
residues are produced annually in rural areas of
Nigeria and vast of these residues are under-
utilized or burnt with all the ecological problems
associated with their disposal methods
(Olorunnisola, 2007, Jekayinfa and Omisakin,
2005 and Tembe et al., 2014). A larger percentage
of these wastes constitutesto environmental
nuisance and carcinogenic gas emission when left
to be burnt in open fields or dumpsites. These
residues have poor performance characteristics
such as low heating values and bulky in
transportation and storage, however, studies have
shown that such residues can be processed and
upgraded into more useful fuel products such as
briquettes similar to wood or charcoal
(Olorunnisola, 2007, Oladeji, 200 and Bello,

2021).

Energy availability in the rural as well as urban
areas of Nigeria is fast becoming a great
challenge with the high cost of cooking gas and
kerosene as well as environmental problems
associated with firewood (Tembe, et al., 2014).
According to a report by Olaoye and Kudabo
(2017) agricultural residues such as straws, tree
leaves, maize husks, grass, rice ground nut shells,
banana leaves and sawdust can be used for
briquette production, though some materials have
better calorific value than others, the selection of

feedstock is usually dependent on what is readily
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available. Briquette is an easy way to agricultural
waste removal from the environment. This work
studies the characterization and production of
briquettes using groundnut shell and rice husk as
feed stocks via low pressure densification process
because the information on the use of low density
compression techniques on the briquetting of
groundnut shells and rice husk is limited in the

literature.

Briquettes can be made out of any biomass
material, although the choice of feedstock can
determine its heating potential as a fuel
(Ferguson, 2012). Depending on the material, the
pressure and the speed of compaction, additional
binders such as starch or clay soil, starch and or
gum Arabic may also be needed to bind the matter

together (Pallavi et el, 2013).

2 MATERIALS AND METHODS

2.1 Rice husk

Rice husk is a by-product of the rice milling
process. This husk accounts for approximately
20.23% of total paddy rice weight (rice crop
weight) (IRRI, 2008). There was significant
production of this bio-waste in Nigeria (about
1,032,993.6 metric tonnes). And about more
than 50% of the husks produced in a rice mill
are burned on-site. Due to its low bulk density
(90-150 kg/m®) (Hwang, et al., 2011), this agro-
residue has a large dry volume as shown in plate
1, and as a consequence, most rice husk can be

made into pellets or briquettes to save storage
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space and transport the bio-waste economically.
The particle size of the sieved rice husk was
obtained by following the procedure
highlighted in ASAE S 424.1 (2003) using
manual riddle (sieves). Rice husk contains 75-
90% organic matter such as cellulose, lignin,

and rest mineral components such as silica,

alkalis and trace elements (Kumar, et al.,
2012).Due to its low density (90-150 kg/m?),
and specific surface area of 6 to 14 m* /g, the
transportation of rice husk is relatively
expensive as such it is burnt in the site, (Hwang,

et al., 2011 and Nguyen, 2014).

Plate 1: Sieved rice husk
2.2 GROUNDNUT SHELL

Groundnut is a nutritious leguminous crop,
grown mainly for seed and oil. Groundnut
shells are the leftover product obtained after
the removal of groundnut seed from its pod.

Groundnut shells have

about 20% of the dried peanut pod by weight
and a specific surface area of 950.069 (m”/g),

that is, there is a significant amount of shell

residual left over after groundnut processing
(Ogunsuyi and Adejumobi, 2020). This is the
abundant agro-industrial waste product
which has a very slow degradation rate under
natural conditions (Zheng et al., 2013).
However, Groundnut shells contain various
bioactive and functional components which
are beneficial for mankind. Commercially, it
is used as a feedstock, food, filler in fertilizer
and even inbio-filter carriers. But most of the
deserted groundnut shells are burnt or buried

resulting in environmental pollution.
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Plate 2: Ungrounded groundnut shells

The rice husks as shown in plate land the
groundnut shells as shown in plate 2 were sun
dried and ground using a hammer mill and then
sieved to uniform sizes of 2.00 mm particle size
representing medium series. The procedure as
highlighted in American Society of Agricultural
Engineers standard (ASAE S 424.1 (2003)) was
followed to determine the chosen particle size.
2.3 Binder and binding ratio: About 0.2kg of
each of feed stocks (groundnut shell and rice
husk) was used in producing each type of
briquette based on percentage. For 100%GS,
0.2kg of groundnut shell was wused, for
n

o

Proceedings of the 2021 National Engineering Conference

Plate 3: Grounded groundnut shells

100%GS:25%RH (groundnut shell is 0.15kg and
rice husk is 0.05kg), for 50%GS:50%RH
(groundnut shell is 0.1kg and rice husk is 0.1kg),
25%GS:75%RH (groundnut shell is 0.05kg and
rice husk is 0.15kg) and for 100%rh, 0.2kg of rice
husk were used in formulating the briquettes.
Since a low-pressure technique was employed,
there was the need for a binding agent and 5% by
weight of Gum Arabic as shown in plates 4 and 5
were used as binder in line with works of Musa
(2007). Plates 6, 7 and 8 shows the briquettes

produced from groundnut and rice husks.

=
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Plate 4: Gum Arabic

Plate 5: Gum Arabic dissolved in water for binding

Plate 6: Groundnut Shell Briquettes

Plate 7: Rice husk Briquettes

Plate 8: Groundnut Shell-Rice Husk briquettes

2.4 Density

Three briquettes were randomly selected from
each production batch of the briquettes produced
for evaluation of physical properties. The mean
compressed density of the briquettes was
determined immediately after removal from the
mould as a ratio of measured weight to calculated
volume (Olorunnisola, 2007). The weights of
produced briquettes were determined using a
digital weighing balance, while the average

diameters and heights of the briquettes were
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taken at 2 different positions using calipers to
determine the volume. The volume of the
doughnut shaped briquettes was determined by
subtracting the outer volume from the inner
volume to obtain the actual volume of the
briquettes. The compressed and relaxed densities
of the briquettes were determined at 0 minutes, 30
minutes, 1 hour, 24 hours and 7 days using the die
dimensions and ASTM, (2004) standard method
of determining densities. Density was determined
for each briquette as ratio of briquette weight to
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volume. The density of briquette from both

species was determined immediately after
ejection from the mould and this was calculated
from the ratio of the mass to the volume of
briquette. The relaxed density of the briquettes
was determined in the dry condition. Relaxed
density can be defined as the density of the
briquette obtained after the briquette has
remained stable. It is also known as spring-back
density. It was calculated simply as the ratio of
the briquette’s mass to the new volume (Oladeji
and Lucas, 2014). Equations 1 and two were used

to determine the briquette’s volume and density.

—di)L

(M

volumeafbrigquette = E(d%

d; diameter of the briquette before drying (m)

d, diameter of the briquette after drying (m)

weighto fhriguetts

Density of Briquette =

volumeof brigustte

@

Density ratio was calculated as the ratio of
relaxed density to maximum density (Oladeji,
2012). The relaxation and compressed ratios of
the briquettes were determined in accordance
with the American Society of Agricultural and
Biological Engineering (ASABE, S269.4.2003).
Relaxation ratio was calculated as the ratio of
compressed density to relaxed density as reported
by (Akpenpuun, 2020). The compaction and

relation ratios were determined and calculated
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using equations 3 and 4as reported by (Oladeji
and Lucas, 2014).

compressed density

Relaxation ratio = ———
relaxation density (3)
. \ Compressed density
Compaction Ratio = — -
bullcdensicy 4

2.5 Determination of ash content

The Ash content was determined according to
procedure adopted by Oyelaran, (2014) where 1
gram of briquette sample was measured into
known weighted ash tray with lid. The sample
was then transferred into a high temperature
carborlite furnace already set at 825°C and heated
for 1 hour. Then, the ash tray is taken out from
the furnace and it is cooled in the desiccators until
it reaches room temperature and final weights
(W3) were recorded. The ash content was
calculated using equation 5 (Oyelaran et al,

2015).

YpAshcontent = Eff_tl X 100

)
Wi weight of empty crucible, (g) W,
weight of crucible + sample, (g) Wi weight

of crucible + sample after heating, (g)
2.6 Dimensional stability

The method used for this was as described by
Olorunnisola (2007). In this method, the length

and diameter of the five representative briquettes

ber 2021
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from each production batch was measured at 0,

30, 60, 1440 and 7200 minutes.
2.7 The afterglow time

The afterglow time was also evaluated and
determined. This became necessary in order to
estimate how long the individual briquette would
burn before restocking when they are used in
cooking and heating. The procedure described by
Musa (2007) was used to determine the afterglow
time, One piece of oven-dried briquette was
ignited over a Bunsen burner and after a
consistent flame was established, the flame was
blown out. The time in seconds within which a

glow was perceptible was recorded.
2.8 Volatile matter (VM) determination

The dried samples of the briquettes left in the

crucibles were covered with a lid and placed in an

electric furnace maintained at 925°C for seven
minutes. The crucibles were first cooled in air,
then insidedesiccators and weighed again. Losses
in weights minus the moisture content as shown
in equation 6 were reported as volatile matter on

percentage basis (Awulu et al., 2015).

VM4 = Weight lost — moisture content

(6)
2.9 Determination of compressive strength

Plate 9 depicts the testing of the compressive
strength of the briquettes. The compressive
strength of the briquettes was investigated by
using a universal testing machine. Compressive
strength was determined in accordance with

ASTM 1037-93 (1995).

Plate 9: Determining compressive strength using universal testing machine
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3. RESULTS AND DISCUSSION

3.1 Densities

Figure 1 depicts the highest normal and relaxed
densities of the briquettes. The briquette with
mixing ration of 50%GS:50%RH exhibits the
most outstanding properties of maximum density
of 3387.56kg/m’, relaxed density 1573.32kg/m’
and relaxation ratio value of 2.15 respectively.

The density obtained in

this work compares well with densities of notable
biomass fuels such Daniellia + groundnut
briquettes with density of 2320 kg/m3 reported
by Tembe (2014),

The density ratio for all the briquettes is almost

4000
3500
3000 4
2500 1
2000 4
1500 4
1000 4
500
o -

Dens ities (kg fm?)

My
{9'33'

ﬁ'r:

constant, 25%GS:75%RH and 0%GS:100%RH
has the highest density ratio of 0.55 each. And
50%GS:50%RH has the least value of 0.46, while
75%GS:25%RH and 100%GS:0%RH  has
density ratios of 0.47 and 0.49 respectively. An
average of relaxation ration of 1.98 was recorded
by all the briquettes as shown in Figure 2 and
these values are almost the same with what was
obtained by Olorunnisola (2007) a relaxation
ratio of between 1.80 and 2.25 coconut husk
briquetted and Oladeji et al. (2009) obtained
values of 1.97 and 1.45 for groundnut and melon
shell briquettes respectively and according to the
authors such relaxation ratio are good enough
because this gives an indication of the relative
stability of the briquette after compression as
such the briquettes can be handled or transported

with ease because of their stability.

B Maximum density

W Relaxed density

Feedstocks Mixing Ratio

Figure 1: Maximum and relaxed densities of the briquettes
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Density

Mixing Ratio

=& Density ratio
Compaction ratio

Relaxation ratio

Figure 2: Initial, Compaction and Relaxation Density Ratios

3.2 Ash content and volatile matter

The moisture content of the briquettes was
determined in accordance with ASTM-E871-82
(2013) and

decreases as the percentage quantity of RH

the moisture content slightly
increases. Highest moisture content of 5.41% was
recorded for 100% GS briquette, while 100% RH
recorded the least moisture content of 3.96%. The
ash content of the briquettes were determined in
accordance with ASTM standard E1755 — O1.
Figure 3 depict that the briquettes with 100% GS
showed highest ash content value of 9.32% and
100% RH briquette has the least ash content.
ASTM standard E872 — 82 procedure was used in
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determining the volatile matter content of the
briquettes the
50%GS:50%RH and 100% RH recorded highest

and briquettes with
and lowest values of volatile matter of 80.13%
and 69.74% respectively. The results of the
investigation as shown in Figure 3 shows that the
briquette produced from 100% rice husk content
has the least weight of 0.190kg, low moisture as
well as ash and volatile matter contents.
According to Ifa et. al. (2020) a good bio-
briquettes should have lower ash content of 2—
10% and the results of the research showed that

all the briquettes have ash contents lower than

10%, therefore they are good source of energy.
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Figure 3: Ash, volatile matter and moisture contents of the briquettes

3.3 Dimensional stability

The results of the dimensional stability showed
that 0%GS:100%RH had the longest length while
100%GS:0%RH briquettes has the lowest length.
There appears to be an increase in the length as
the proportion of RH in the combination
increases up to 100%GS:0%RH. It is a well
established fact that briquettes and/or pellets
compressed in a closed cylinder have a tendency
to expand as the pressure is released. The
expansion takes place primarily in the direction
in which the load is applied, i.e., longitudinal
direction. Table 1 shows the increase in length

with time of briquettes from the various GS-RH

mixtures. The observed linear expansions were
generally minimal. Briquettes produced using
100%GS:0%RH exhibited the largest linear
expansion of about 8mm; briquettes produced
from the different ratios of 75:25, 50:50, 25:75
and 0:100 groundnut shell-rice husk exhibited the
least expansion. The compressive strength for the
feedstock was found to be reasonable. The
briquettes with 100%GS:0%RH exhibit the
highest compressive strength of 5.63Kn/m” while
briquette with 0%GS:100%RH has the least
compressive strength of 1.02Kn/m” as shown in
Figure 4.The implication of this is that, briquettes
will suffer less damage during transportation and

storage. (Olaji 2014).

Table 1: Length and diameter of briquettes after ejection
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Type of briquette

ejection (cm)

Length of briquette after

Diameter of briquettes (cm)

GS: RH (%)
100:0 8.5 6.2
75:25 8.6 6.4
50:50 8.6 6.2
25:75 8.8 6.5
0:100 9.0 6.4
z
il
o
=]
£ o
= -53':’ -312‘ -9:3‘ -<€3‘ -g-‘e‘
SR . 5 «SF s &
Qll-\.g: '53':3— -:'lz':::';;3
4 5 +

Mixing Ratio

Figure 4: Compressive strength of the briquettes

3.4 Afterglow time and flame propagation rate

Briquette with 100%RH recorded a highest flame
propagation time of 0.11 cm/sec, this is may be
due to its low moisture content of 4% and high
heating value of 14162.56 Kj/kg, while the
briquettes from other mixing ratios recorded an
average value of flame propagation time of about
0.08 cm/sec. In addition, Figure 5 shows that the
briquette with 25%GS:75%RH has the longest
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afterglow time of 271 sec, followed by briquette
with mixing ration of 50%GS:50%RH with an
afterglow time of 267 sec while briquette
75%GS:25%RH has the least afterglow time of
238 sec. The afterglow time and the flame
propagation values are good enough and have the
implication of that the briquettes will be ignited
more easily and burn with intensity for a long
time (Olaji 2014).
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Figure 5: Afterglow and flow propagation times of GS:RH briquettes

3.5 Heating Value recorded the least calorific value. However, this

. . . . heating value compares favourably with those
Figure 6 depicts the heating values of various

reported by Enweremadu, et al., (2004) for

cowpea-14,372.93 kJ/kg and soy-beans-12,953

kJ/kg respectively, and 2,600 kJ/kg for groundnut

as reported by (Musa, (2007). In addition, Olaji

(2014) reported that this heating value is

GS:RH briquettes according to different mixing
ratios. The heating values were determined
according to ASTM B711-87 (2004) standard.
The Figure showed that the calorific value of the
briquettes increases as the RH content increases.
The briquette with 0%GS:100%RH rice husk has
higher heating value of 14162.56kJ/kg and while
briquette with mixing ratio of 100%GS:0%RH

sufficient enough to produce heat required for
household cooking and small scale industrial

cottage applications,

14400
14200 4
14000
13800
13600 -
13400
13200
13000 4
12800
12600
12400

Heating value (Kjfkg)

Mixing Ratio
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Figure 6. Heating value of various GS:RH briquettes

4 CONCLUSIONS
RECOMMENDATIONS

AND

Different proportions of the groundnut shell and
rice husk were bounded with gum Arabic to
produce briquettes in this work. The compaction,
density and relaxation ratios of the briquettes
were determined. The results of the investigation
showed that the briquettes produced from
groundnut shell and rice husk are effective and
can be used as a replacement of fuel woods. The
research further concluded that briquettes
produced from agro-wastes is a cheap source of
thermal energy for domestic applications that
briquettes produced from groundnut shell and

rice husk would make good biomass energy.
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NOMENCLATURE
Cv Heating value of the fuel (residue)
(kJ/kg)

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021




. Muhammadl’z, A Adamul, M.B. Mainal and B.M. Telaz
Characterization And Production Of Groundnut Shell-Rice Husk Hybrid Briquette Using Low Pressure Densification Technique

Dy Diameter of the briquette before drying
(m)

D; Diameter of the briquette after drying (m)
FC  Fixed carbon (%)

GS  Groundnut shell

RH Rice husk

Wi weight of empty crucible, (g)

W, weight of crucible + sample, (g)

Ws  weight of crucible + sample after heating,

(@

FC fixed carbon (%)

Vm  volatile matter(%)
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ABSTRACT:

An overview of energy consumption in turning process was undertaken to establish the quantity of energy
consumption in turning process. Researches conducted and reported in this area were examined to evaluate
energy consumption characteristics in turning, and their relationship between process energy consumption
and process variables for machining characteristics. Optimisation of cutting parameters in order to reduce
energy consumption, challenges and prospects of energy consumption in turning process were highlighted.

Keywords: Consumption, energy, process, machining

1. INTRODUCTION

Energy costs associated with turning processes
represent an expense presently beyond the control
of manufacturers (Simoneau and Meehan, 2015).
As a result, many manufacturing industries have
begun to consider how to reduce energy
consumption demands while still maintaining or
increasing process efficiency. The manufacturing
sector consume energy which converts raw
materials into finished products (Peng et al.,
2014). Zhao et al. (2016) have revealed that the
manufacturing sector accounts for about 90% of

the global industrial energy

consumption with the machining sector

accounting for about 83% of the entire energy
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consumption. Therefore, it is important for the
manufacturing sector to find ways of reducing the
energy consumption. Diaz et al. (2010) have also
reported that energy-efficient machining has been
an area strongly targeted for energy reduction
because of its importance and size. In machining
processes, energy consumption basically
represents a large percentage of total cost.
Electricity is the major part of energy resource
(Figure 2) into the modern machining processes.
In automotive industry, for example, electricity
counts up for over 50% of total energy
consumption [15], and generates more than two
thirds of greenhouse gas emissions and a variety
[16].

of air pollutants Although emerging

research on green energy, including solar
photovoltaic, wind, and fuel cell, manages to

supply partially for current machining systems,
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the high energy-efficient machining systems that
demand less energy remain important and highly

desirable.

Gutowski et al. (2006) have suggested that

processing parameters optimization, energy

efficiency improvement and standby time
reduction can help in the reduction of machine
tools energy consumption and achieve
sustainable manufacturing. Turning is also one of
the main energy consuming practices in the
manufacturing sector and has been identified as a
main target for energy reduction in recent years
(Moradnazhad and Unver, 2016). Zhao et al.
(2016) have also reported that to ensure
processing quality, selection of high energy
efficiency processing route and processing
program, it is important to evaluate the effective
energy consumption characteristics in a turning
processes. The energy consumption
characteristics evaluation technique highlighted
by the authors are energy efficiency calculation
and energy consumption prediction. As a result,
it is necessary to propose a simple and accurate
energy efficiency computational model at the

infant stage of the process.

Several work has been carried out on energy
efficiency in turning. These literatures have made
it helpful for other researchers to understand the
machine tools energy characteristics and adopt
targeted energy saving measures (Mori et al.,
2011). Also, Aramcharoen et al. (2014) have also
revealed that the power consumption of spindle is

the largest in turning operations. Fang et al.
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(2012) have reported that it is required to
achieved a credible prediction of energy
consumption of machine tools by analysing the
power consumption of their various components
is in order to create techniques of saving energy
during machining processes and increase energy

efficiency.
2. ENERGY CONSUMPTION IN TURNING

The first step towards reducing the total amount
of energy consumed during turning operations is
by analysing the energy consumption of cutting
tools (Moradnazhad and Unver, 2016). Yoon et
al. (2013) in their study categorised energy
consumption of cutting tools into spindle energy,
stage energy, basic energy and material removal
energy. Stage energy and spindle energy, which
are the energy required for spindle rotation and
stage movement, have a power relationship based
on rotational speed and feed rate while basic
energy represents the energy consumption of
auxiliary sub-units and control systems, which
are assumed to be constant. The authors identified
material removal energy as the energy consumed
during the material removal process.
Vijayaraghavan and Dornfeld (2010) and Rajemi
et al. (2012) have also revealed that in turning
process, electrical energy consumption is
classified into the idle, run-time, and production.
The authors reported that the idle mode represent
the mode at which machine is ready for operation
and no material removal occur while the run-time
mode signifies the mode at which auxiliaries such

as motor for the spindle and pump for the cutting
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fluid are put. Though, no material removal action
occur at this mode. In addition, the authors also
revealed that in the production mode, material
removal occurs which varies and depends on the

applied load towards the machine.

In the earlier work of Kara and Li (2011), an
empirical model was developed to predict energy
consumption in machine tools. The model was
machine tool specific and highly dependent on
process parameters (feed rates, cutting speeds and
depth of cut). The work of the authors was
thereafter improved by Diaz et al. (2010) through
incorporating energy consumption predictions for
tool paths with varying material removal rate.
Though the model developed neglected energy
consumptions that occur outside of the cutting
process. Vijayaraghavan and Dornfeld (2010)
also used complex event processing methodology
the

in monitoring and analysing energy

consumption of cutting tools and other
manufacturing equipment. The authors also
developed a framework for temporally analysing
the energy consumption of machine tools, which
can be extended to other types of environmentally
relevant data streams in manufacturing systems in
order to improve their environmental efficiency.
The energy efficiency model mostly used in
turning is presented in Eqn. 1 (Zhao et al., 2016).
This equation does not consider the cutting power

of feed axes and the coolant pump power in

machining,
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7= LP x100
in T

(1)

Pin=Pu+ P.

(2)

Where; P, is spindle cutting power, Pi, is spindle
input power which includes the no-load power
(Pu) and the cutting power (P.) — Eqn. 2 while Py,

is standby power consumption.

Nur et al. (2021) have revealed that power
consumption can be an indicator of tool
conditions and as a design criterion of the
machining input during turning process. The
authors reported power consumption can be
calculated as the product of the cutting force and
the cutting speed (Eqn. 3). The authors also
highlighted the three cutting forces in turning
operation which include; the tangential force in
the direction of the main cutting action, radial
force in the direction toward the axis of the
workpiece and feed force in a parallel direction to
the workpiece axis. Astakhov and Xiao (2008)
revealed that when determining power
consumption, the tangential cutting force is
commonly used to represent the cutting force
considering it makes the majority among the
three force components. This simplification was
rooted in the use of orthogonal cutting theory in
the relationship between machining power and
cutting force. Contrarily, the turning process of

hardened steels is gaining ground with empirical

evidence that it can be done, to a certain extent,

(NSE) November 2021




Lawal, S. A.,J. Abutu, K. A. Olaiya, and E. 1. Awode
An Overview Of Energy Consumption In Turning Process

as a finishing process to get net shapes or near-net
shapes of cylindrical or conical parts (Nur et al.,
2021). Elmunafi et al. (2015) and Grzesik et al.
(2016) also observed that for turning hardened
materials like steels, where a lower depth of cut
is mostly used, the radial and feed forces are not
negligible. As a result, Grzesik et al. (2016)
revealed that feed force is the lowest among the
three, though, its value is not too small to be
neglected. Therefore, for turning processes of
hardened materials such as steels, the resultant of

the three forces component is used.

P.= Vox F 3)

Where Pc is the power consumption (W), Vc is
the cutting speed (m/min), and F is the resultant
cutting force (Newton).

Nur et al. (2015) investigated the effect of cutting
parameters on power consumption by applying
design of experiment approach and revealed that
turning operation, power consumption decreases
with the decrease of feed rate and increase of the
cutting speed. Also, Oda et al. (2012) revealed
that to reduce the energy consumption of the
peripheral equipment, it is important that details
of the energy consumption of peripheral
equipment during a cycle is investigated. The
authors further revealed that coolant related
equipment such as the coolant pump consumed
approximately 54 % of energy, followed by the
hydraulic equipment, coolant cooler, and the
equipment related to the servo spindle. Also,

Kara and Li (2011] revealed that the total energy
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consumption (E) for a turning process (Eqn. 4) is
a summation of the energy consumption during
setup (Es), when performing material removal
(Ey), for tool change, (E«) to fabricate the cutting
tool (E.) and in the manufacture of the workpiece
material (Ew). The authors also reported that if the
workpiece material is given depending on the
product and the machine shop has limited control
over the energy contained in the particular
workpiece material (Ey). Therefore, this factor

can be omitted during the turning process.

E:E5+Et+Ect+Ec (4)

Where, Es is the energy used during machine
setup and can be calculated using Eqn. 5 while E;
is the machining energy consumption which can
be calculated using Eqn. 6 (Nur et al., 2017).
Also, Eq is the energy used during the
replacement of a tool and can be calculated using
Eqn. 7 while E. is the sum of energy consumed to

fabricate each cutting edge on a cutting tool (Eqn.

8).

Es=Pyxt; (5)

Where, Py is the power in Watt in idle and run-
time modes (power consumed by all machine
modules for a machine operating at zero load) and
t; is the time in seconds required for machine

setup.
E= (Po + kB) t> (6)

Where k is specific machining energy (Ws/mm?),

B is material removal rate (mm®/s) and t, is the
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accumulated material removal time of the turning

process (s).

fy

Ei=Poxt3x T (7)

Where, t; = the time for a replacement tool (s)
and T = tool life (s), which is the same as t,,
£y
Therefore, T- 1 (Nur et al., 2021).
£y

E.=Yx 1
®)

Where, Y can be obtained from the total energy
per insert (MJ) for material and manufacturing
process as reported in Handbook of Machining
and Metalworking Calculations and compiled by

Walsh (2001).
3. Specific energy consumption

Specific energy consumption (SEC) is the energy
consumption required by a machine tool to
remove lcm’® of material, which is dependent on
material removal rate (MRR) and the workpiece
material itself (Simoneau and Meehan, 2015).
The Specific energy consumption technique does
not take into account the energy consumed
outside the cutting process (coolant, positioning,
setup and standby) and can be calculated using
Eqn. 9 (Olaiya et al., 2020). Zhao et al. (2016)
have reported that large depth of cut and feed
speed within allowable range will help to reduce
specific energy consumption and machine tool

energy consumption while, high tool wear will
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lead to the rapid increase in SEC and machine
tool energy consumption in turning. The authors
therefore suggested that the degree of tool wear
should be controlled throughout the work

process.

E

_Vex fxde

SEC )

Where Pi = power consumption, Vc = cutting
speed in mm/min, f= feed rate in mm/rev and dc

= depth of cut in mm.

In addition, Zhao et al. (2016) also highlighted
the different steps involved in specific energy
consumption prediction method in turning based
on the Back-Propagation (BP) neural network
These steps include; Prediction of the SEC in
J/mm?® according to the processing parameters in
turning as shown in Fig. 1, computation of the
total material removal volume in mm® according
to the machining feature and processing
parameters and computation of machine tools
energy consumption in turning. Ithipri et al.
(2015) utilised response surface methodology to
investigated specific energy consumption as an
energy efficiency indicator for minimizing the
energy intensity of a given machined product in
turning operations. The authors found that
increase in depth of cut and cutting speed
decreases the SEC in the turning operations. The
authors attributed this to the fact that as

machining parameters increases, material
removal rate also increases thereby reducing the
specific energy consumption.
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Fig. 1: The network model for prediction of

specific energy consumption (Zhao et al., 2016).

Li et al. (2016) studied and optimize cutting
parameters for minimizing SEC by means of
different soft computing methods and integrating
Taguchi. The authors compared four machining
parameters schemes using different optimization
objectives and found that a trade-off point can be
drawn between the low processing time and high
energy efficiency. Also, Pawanr and Garg (2019)
focused on determining optimum cutting
parameters in minimizing SEC during turning of
Al 6061 using Taguchi design method. The
authors revealed that to minimize SEC, feed of
0.12mm/ rev, cutting speed of 46.2m/min and
depth of cut Imm. the authors also found that the
developed energy consumption maps can be
utilised in correlating the region of minimum
SEC with selected machining parameters. Olaiya

(2020)

methodology and multi-response optimisation

et al utilised response surface
technique to investigate the effects of cutting
variables (cutting speed, feed rate and depth of
cut) on specific energy consumption under
different cutting environment using AISI 304
alloy steel. Orthogonal turning operations were

carried out in dry and wet conditions with mineral
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oil based and vegetable oil based cutting fluids.
The authors found that the optimum multiple
performance of the vegetable oil-based cutting
fluid was obtained with reduction in energy
consumption from 527.18J/mm’ in dry turning to

141.50)/ mm®.

4. CHALLENGES AND
RESEARCH DIRECTION

FUTURE

Turning is one of the most fundamental and
important machining processes that is widely
used in most manufacturing industries. Energy
costs associated with turning operation represent
an expense currently beyond the control of
manufacturers. As a result, there is need for these
industries to consider how to reduce energy
consumption demands while still maintaining
process efficiencies. Several works has been
carried out on improving energy consumption in
turning with the aim of understanding the
machine tools energy characteristics so as to
adopt targeted energy saving measures. This
research area has been receiving serious attention
and a lot have been achieved, but these
achievements have not been translated into

commercial application.

5. CONCLUSION

A comprehensive review of energy consumption
in turning process has been emphasized in this
study. It is evident that the way towards achieving
an energy-efficient turning process is through a
well-established energy models, rapid and

effective energy optimisation techniques and

proper adoption of the data which will help
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enhance energy-efficient turning processes. Also,
the need for data obtained from these review
work to evolve from workshop will address the
current gap in attaining an energy-efficient

turning process.
REFERENCES

Aramcharoen A and Mativenga PT. (2014).
Critical factors in energy demand
modelling for CNC milling and impact of
toolpath strategy. Journal of Cleaner

Production. 78: 63-74.

Astakhov, V.P and Xiao, X. A (2008).
Methodology for practical cutting force
evaluation based on the energy spent in the
cutting system. Machining  Science

Technology, 12, 325-347.

Bruzzone, A., Anghinolfi, D. Paolucci, M. and
Tonelli, F. (2012). Energy-Aware
Scheduling for Improving Manufacturing
Process Sustainability: A Mathematical
Model for Flexible Flow Shops, CIRP
Annals — Manufacturing Technology,
61(1), 459-462.

Diaz, N. Ninomiya, K. Noble, J. and Dornfeld, D.
(2012). Environmental Impact
Characterization ~ of  Milling  and
Implications for Potential Energy Savings
in Industry, 5th CIRP Conference on High
Performance Cutting, 518-523.

Diaz, N., Helu, M., Jayanathan, S., Chen, Y.,
Horvath, A., Dornfeld, D. (2010).

Environmental analysis of milling machine
tool wuse in various manufacturing
environments. In: Proceedings of the 2010
IEEE International Symposium on

Sustainable Systems and Technology.

Elmunafi, M.H.S., Noordin, M.Y., Kurniawan, D.

(2015). Effect of cutting speed and feed in
turning hardened stainless steel using
coated carbide cutting tool under minimum
quantity lubrication using castor oil. Adv.

Mech. Eng. 2015, 7, 1-7.

Fang K, Uhan N, Zhao F, et al. (2012). A new

shop scheduling approach in support of
sustainable manufacturing. In: Proceedings
of the 18th CIRP international conference
on life cycle engineering, Technische
Universita” t Braunschweig,
Braunschweig, Germany, 2—4 May 2011,
305-310.

Grzesik, W., Denkena, B., "Zak, K., Grove, T.

(2016). Bergmann, B. Energy consumption
characterization in  precision  hard
machining using CBN cutting tools. Int. J.
Adv. Manuf. Technol. 85, 2839-2845

Gutowski T, Dahmus J and Thiriez A. (2006).

Electrical energy requirements for
manufacturing processes. In: Proceedings
of the 13th CIRP international conference
of life cycle engineering, Leuven, 31 May—
2 June 2006. Leuven: Katholieke

Universiteit Leuven.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

303




Lawal, S. A.,J. Abutu, K. A. Olaiya, and E. 1. Awode
An Overview Of Energy Consumption In Turning Process

Ithipri, E., Ossia, C.V., Okoli, J.U. (2015). Hardened Stainless Steel Using Resultant
Modeling the Specific Energy in Turning Cutting Force, Metals, 11, 565.
Operations by Taguchi L32 Orthogonal https://doi.org/10.3390/ met11040565

Array Design, International Journal of . .
Nur, R., Noordin, M.Y., Izman, S., Kurniawan,
Scientific & Engineering Research, 6(5), . .
D. (2017). Machining parameters effect in

S67-575 dry turning of AISI 316L stainless steel

Kara, S. and Li, W. (2011). Unit Process Energy using coated carbide tools. Proc. Inst.
Consumption Models for Material Mech. Eng. E J. Process. Mech. Eng. 231,
Removal Processes, CIRP Annals - 676—683.

Manufacturing Technology, 60(1), 37-40. e
ulactuting gy, 60(1) Oda, Y., Kawamura, Y. and Fujishima, M.

Li, C., Xiao, Q., Tang, Y., Li, L. (2016). A (2012). Energy Consumption Reduction by
method integrating Taguchi, RSM and Machining Process Improvement, 3rd
MOPSO to CNC machining parameters CIRP Conference on Process Machine
optimization for energy saving, Journal of Interactions (3rd PMI), Procedia CIRP 4,
Cleaner Production, 135:263-275 120 —12.

Moradnazhad, M. and Unver, H. O. (2016). Pawanr, S. and Garg. G. K. (2019). Selection of
Energy efficiency of machining operations: optimum  Cutting  Parameters  for
A review, Proceedings IMechE Part B: Minimization of  Specific  Energy
Journal of Engineering Manufacture, 1-19. Consumption during Machining of Al 606,

Journal of Physics: Conference Series,

1240, 012064

Mori M, Fujishima M, Inamasu Y, et al. (2011) A
study on energy efficiency improvement
for machine tools. CIRP Annals: Peng T, Xu X and Wang LH. (2014). A novel
Manufacturing Technology, 60: 145-148. energy demand modelling approach for
CNC machining based on function blocks.

Nur, R., Kurniawan, D., Noordin, M.Y. and

Lo Journal of Manufacturing System, 33: 196—
Izman, S. (2015). Optimizing power

208.
consumption for sustainable dry turning of
treated  aluminum alloy, Procedia Peng, T. and Xu, X. (2014). Energy-efficient
Manufacturing 2, 558 —562. machining systems: A critical review, The

. International  Journal of Advanced
Nur, R., Mohd Yusof, N. M., Sudin, I., Nor, F. M.

Manufacturing Technology, 72(9-
12):1389-1406.

and Kurniawan, D. (2021). Determination
of Energy Consumption during Turning of

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

304



Lawal, S. A.,J. Abutu, K. A. Olaiya, and E. 1. Awode
An Overview Of Energy Consumption In Turning Process

Rajemi, M.F., Mativenga, P.T., Aramcharoen, A. characteristics evaluation method in
(2010). Sustainable machining: Selection turning, Advances in Mechanical

of optimum turning conditions based on

Engineering, 8(11), 1-8.

minimum energy considerations. Journal of

Cleaner Production, 18, 1059-1065

Simoneau, A. and Meechan, J. (2015).
Investigating Peak Power and Energy
Measurements to Identifying Process
Features in CNC End milling, Energy and
Power, 5(2), 25-31.

Simoneau, A. and Meechan, J. (2015).
Investigating Peak Power and Energy
Measurements to Identifying Process
Features in CNC Endmilling, Energy and
Power, 5(2), 25-31

Vijayaraghavan A and Dornfeld D. (2010).
Automated energy monitoring of machine
tools. CIRP Annals: Manufacturing
Technology, 59(1): 21-24.

Walsh, R.A. (2001). Handbook of Machining
and  Metalworking  Calculations;
McGraw-Hill Education: New York,
NY, USA.

Yoon HS, Moon JS, Pham MQ, et al. (2013).
Control of machining parameters for
energy and cost savings in micro-scale
drilling of PCBs. Journal of Cleaner
Production, 54: 41-48.

Zhao, G., Hou, C., Qiao, J. and Cheng, X.
(2016). Energy consumption

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

305



Proceedings of the 2021 National Engineering Conference
of the Nigeria Society of Engineers [NSE] .
Printed in Nigeria Copyright @2021, The Nigerian Society of Engineers

DESIGN AND CONSTRUCTION OF A FABRIC DRYER POWERED BY LOW
TEMPERATURE WASTE HEAT RECOVERED FROM TETRAFLUOROETHANE (R-
134A) REFRIGERATOR.

'ONYEOCHA E.LE., °Nwigwe K.N, *Ogueke N.V. and *Anyanwu E.E.
'National Board for Technical Education, Polytechnic Programmes Department, Plot ‘B’ Bida Road,
P.M.B. 2239, Kaduna, Nigeria.
*School of Engineering and Engineering Technology, Federal University of Technology, Owerri, Nigeria

ABSTRACT

A dryer integrated with and utilizing the waste heat recovered from tetrafluoroethane (R134a) refrigerator
is presented. It comprises of a 150W refrigerator with its condenser unit retrofitted to serve as a heat
recovery mechanism (dryer). The refrigerator with ozone friendly R134a refrigerant is based on vapour
compression cycle (VCC). The dryer component is powered by waste heat from superheat and condensation
regions of the VCC. An extractor fan rated 30.8W facilitates dissipation of heat and air movement in the
dryer. The maximum design dryer and evaporator temperatures are 50°C and 5°C respectively. The overall
performance of the machine was based on dryer and evaporator temperatures, Coefficient of Performance
(COP), Specific Moisture Extraction Rate (SMER) and Energy utilization ratio (EUR). Experimental
temperatures of 49°C maximum and 1°C minimum were observed in the dryer and evaporator respectively.
COP of 10.09, SMER of 0.22kg/kWhr and EUR of 0.92 were obtained indicating that the ratio energy
derived/energy consumed is 10 times; 1 kWhr energy was used to extract 0.22kg moisture from fabric as
well as provide 150W refrigeration; and 92% of the waste heat was actually utilized for drying. Therefore,
this dual purpose system is energy efficient. Drying of fabrics makes this system an option for
entrepreneurship development in laundry business.

Key Words:  Waste Heat Recovery, Refrigeration,  Dryer, evaporator, Temperature.

1. INTRODUCTION emissions, depleting reserves of fossil fuels and
Up to 20% of the energy input used in many increase in cost of goods is energy conservation.
industrial and commercial energy processes is Waste-heat recovery systems, among others,
rejected to the environment as flue gas (Energy contributed to making the energy costs of
Solutions Center, FoodPro, 2007). This rejected Japanese products 20% less than those of many
energy may potentially be recaptured as useful of their competitors (Eastop and Mackonkey,
energy (Lalovic et al., 2005). The increasing cost 1992). Recovering and re-using rejected heat is
of energy in the past years aroused the need for known as waste heat recovery (Mozzo, 2007).
using more efficient energy systems (Al-Kayiem Heat recovery technology provides a means to
and El-Rahman, 2011). The solution to the ever- effectively recover waste heat and convert it to
increasing energy demand, greenhouse gas useful purposes, thus offsetting the fuel that
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Refrigerator

should have been burnt to achieve same purpose
and hence save costs.

The Siemens Switzerland Limited, Building
Technologies Group (2010) recommended that
out of the three regions of the Heating
Ventilating and Air Conditioning (HVAC)
equipment condenser namely, the superheat, the
latent heat and the sub-cooled regions, heat can
be recovered from the hot refrigerant in the
superheat and latent heat regions for drying
purposes.

In this work, such heat was recovered from a
domestic refrigerator condenser and used for
drying operation while the cooling effect in the
evaporator was used for refrigeration purposes.
Both the condenser and evaporator were
designed based on the distributed parameter
models suggested by (Hongtao, Reinhard and
Vikrant, 2010). The system is designed to
perform the dual functions of domestic
refrigerator and heat pump simultaneously by
utilizing the condenser heat that should have
been rejected to the surroundings to provide
useful service of fabric drying and at the same
time employ the evaporator cooling effects for
useful cooling. The equipment ensures a year
round fabric drying which is a major challenge
in the rain forest region, especially during the
rainy season.

The patented design (Anyanwu et al, 2015) of the
(R-134a)

Integrated Tetrafluoroethane
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Refrigerator Waste Heat
(ITRWHRD) is illustrated in Fig. 1.

Recovery Dryer

It consists of a conventional refrigeration unit
utilizing environmental friendly refrigerant (R-
134a) and an integrated dryer utilizing the
refrigerator waste heat for drying operations. The
refrigerator unit consists of a compressor,
condenser, throttle device and evaporator. While
the dryer unit consists of a drying chamber,
extractor fan, a drain pipe, and air vent. The
refrigerator unit and the dryer unit together form
the ITRWHRD. The ITRWHRD is an insulated
rigid rectangular three sided box divided into the
upper and lower compartments by an insulated
partition. The upper compartment is the dryer
while the lower compartment is the refrigerator.
The dryer sits atop the refrigerator. Fabrics are
placed in the dryer to dry. The throttle device is
the capillary tube. The lower chamber
(refrigerator) is comprised of the evaporator
which receives the sub cooled refrigerant coming
from the condenser. Heat is absorbed by the
refrigerant in the evaporator which results in a
phase change from liquid to vapour while
producing cooling in the process. The refrigerant
in the vapour phase is sucked by the compressor
which subsequently compresses it to high
pressure and temperature before discharging it in
the condenser tubing wound in the dryer. The
super heat and latent heat of the

refrigerant vapour in the condenser is rejected in

the dryer.
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Fig. 1 Major components of [ITRWHRD

This leads to the condensation of the refrigerant.
Part of the dryer tubing is extended outside
(surroundings) to form the external condenser
where sub cooling of the condensed refrigerant
takes place on its way to the throttling device.
The refrigerant is expanded in the throttling
device before it flows into the evaporator; and
the cycle repeats. The dryer and refrigerator
sections have separate hinged doors and are
separated by an insulated partition. The outer
wall material for the ITRWHRD is constructed
with galvanized steel in order to prevent
corrosion, give good surface appearance and
higher quality finish when painted, prevent
cracking and loss of adhesion when the steel is
formed into any shape, ensure durability and
resistance to scratches from abrasion and

provides tensile strength.
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2. SELECTION
TEMPERATURE
The

OF EVAPORATOR
selection process for the evaporator
temperature and the design of the evaporator are
not discussed here. However, the cold space,
evaporator refrigerant and evaporator superheat
temperatures were chosen as 5 °C, -2 °C and 5
OC respectively.

3. SELECTION OF DRYER/
CONDENSER TEMPERATURE

Damewood (2003) identified low heat drying
temperatures for light cotton fabrics in the range
of 49-52 °C. In this work, the materials
considered for drying are light cotton fabrics.
Consequently, an average dryer temperature of
50 °C is chosen.

However, according to Althouse et al (1996) the

temperature of the refrigerant in an air cooled
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condenser is approximately 17°C to 19°C
warmer than the environmental temperature.
Hence choosing 19°C above average
environmental temperature, T, in Owerri of
339°C (Meoweather, 2014), the condenser
temperature for this work is 52°C. The
refrigerant was to be superheated by 5°C at the
exit section of the evaporator tubing in order to
prevent some refrigerant leaving the evaporator
as liquid, which is useful cooling potential
wasted (Desai, 2007). Superheating also
forestalls liquid refrigerant arriving the
compressor with the tendency to wash the
lubricating oil from the walls of the cylinder,

accelerating wear and causing damage to the

valves or the cylinder head. With the 5°C
superheat, the entry temperature at the condenser
therefore, is the sum of the superheat (5°C) and
the condenser temperature (52°C), that is 57°C.
For effective heat transfer between the condenser
and the surroundings, the condenser refrigerant
will be sub cooled at least 10K above the
temperature of the surroundings (Prasad, 2007).
Since the environmental temperature, T, within
Owerri is 33°C (Meoweather, 2014), the
condenser refrigerant therefore will be sub
cooled to environmental temperature plus 10K,
that is 43°C. The sub cooling will be achieved in

the dryer surroundings using the ambient air.

4. GENERAL DESIGN PARAMETERS/ SPECIFICATIONS

Table 1. Determined design parameters

Refrigerant
Dryer temp, (Damewood, 2003)
Cold space temp, (Binggiang et al., 2012)

Evaporator refrigerant temp., (Althouse et al., 1996)

Evaporator superheat temp.

Condenser refrigerant temp, (Althouse et al., 1996)
Ambient air temp for Owerri (Meoweather, 2014)

Condenser sub-cooled temp., (Prasad, 2007)

Condenser degree of superheat

5. THERMODYNAMIC STATES OF
REFRIGERANT IN THE SYSTEM
COMPONENTS

R-134a
50°C
5°C
-2°C (2.72 bar)
5°C
52°C (13.86 bar)
33°C
43°C
5°C

Compression (process 1-2) as in Fig. 2, (Roy,
1997): Compression process is estimated using
The Steady Flow Energy Equation (SFEE).
From SFEE, (Eastop and McConkey, 1992): Ah
+ AKE + APE +q—w =0,
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Where h, KE, PE, q and w stand for enthalpy,
kinetic energy, potential energy, heat input and

work input through the system respectively.

Plhar) &

13.85

272

[N

Fig. 2 Schematic P-h diagram of ITRWHRD " (K/<@)

Since the compressor is losing its heat input to
the environment at the time of compression,

q = 0; changes in KE and PE are negligible.
Hence SFEE reduces to:

Ah—-w=10 1

In terms of the initial and final states of the
compression process:

Wi=hy —h; 2
Condensation (process 2-3'): The superheated
vapour from the compressor rejects heat in the
condenser, thus cooling to a saturation state of
T,'. It further rejects heat resulting in its
condensation to T3 and subsequent sub cooling
to T5'. During condensation process, there is no
work transfer and changes PE and KE are often
negligible (Cengel, 2006). From Fig. 2, heat
transferred during the condensation process
consists of the portion for de-superheating (h, —
hy'), that for phase change (h,'-hs), and for
refrigerant sub cooling (hs-hs').
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Thus SFEE reduces to: Ah+q=0 or -Ah=q

In terms of the initial and final states of the
condensation process:

Qs = (ho-hy") + (ho'-hs) + (hs-hs') = ho-hy' 3
That is the total heat released at the condenser
during condensation.

The actual heat dissipated in the dryer for drying
purposes:

Q23 = (ha-ho) + (hy'-hs) 4

Expansion (process 3'- 4): The liquid refrigerant
expands from state 3' to state 4 (Fig. 2) with
some of the liquid refrigerant flashing in the
process, the process is adiabatic and q = 0.
Changes in elevation, velocity and work input =
0. Thus, from SFEE, dh = 0.

That is, hs- hs' = 0 or hy = h3! 5
Evaporation (process 4-1): There are no moving
parts, changes in elevation and velocity are often
negligible; hence, SFEE reduces to:

Ah + q =0, thus:

Ah+ q =0, thus, qi4= hi-hs=h; — hy' 6
qi4 = heat transferred in the evaporator per unit

refrigerant mass = refrigerating effect.

6. DIMENSIONS OF THE DRYER

The considerations for the choice of the inner
dimensions of the dryer are made as follows:

WIDTH: The choice of its breadth is such as will
conveniently accommodate the hangers that will
be used to hang clothes inside it. An average
hanger is about 40cm to 42cm based on physical

measurement. With an additional allowance of at
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least 5cm the inner width of the dryer box is
rounded off to 50cm.

LENGTH: The inner length is such as will
accommodate the hanger rod inside it. The
hanger rod will carry ten clothes with the air gap
of about S5cm in between clothes and 2.5cm air
gap between the dryer wall and each of the two
clothes at both ends of the dryer. Hence a
convenient length of 50cm is chosen as the
length of the hanger rod and the inner length of
the dryer.

HEIGHT: The height is such as can contain an
average length of a pair of trousers. The
reporter’s pair of trousers physically measured at
96cm. A gap of 3cm is provided between the
dryer roof and the hanger rod with another 1.0cm
gap between the down side of the hanging
trousers and the dryer floor. Hence an average of
100cm height will be required for the dryer. The
1.0cm gap to the dryer floor will ensure that the
trousers do not touch the floor of the dryer and
furl. Furling of the trousers will reduce the area
of the clothing material (trousers) that will be
exposed to the heat and air current that are meant
to effect drying.

In summary the inner dimensions of the dryer
box are chosen as:

Length = 0.5m; Width = 0.5m and Height = 1.0m
7. THERMAL DESIGN OF THE DRYER
The heat, Qq required for drying is equivalent to
the heat required to raise the ambient air
temperature, T, of 33°C (Owerri, Nigeria) to the

dryer temperature, T4, 50°C is estimated as:
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Qq = 1h4Ca (T¢-Ta) 7
M, = PaAaVa 8
A, = D4 9

Where: ma, D, Aa, pa, c. and v, are mass flow
rate of air into dryer through the circular air vent,
diameter of circular air vent, area of circular air
vent, density of air at ambient temperature,
specific heat capacity of air at ambient
temperature and velocity of air flowing into the
va 1S measured by

1.04m/s, D = 0.102m as

dryer respectively.
anemometer as =
measured, p, and c, are 1.1559kg/m’ and

1.0061kJ/kgK respectively (Holman, 2001)

8. SELECTION OF DRYER/
CONDENSER PIPING MATERIAL

Copper pipe is selected for this work because of
the following advantages (Althouse et al, 1996):
(1) it

refrigerants including R-134a (ii) It is resistant to

is compatible with all halogenated

corrosion (iii) It is cheap and easy to install.

8.1 Design of Dryer/ Condenser Pipe

(Tubing)

In designing for the condenser/ dryer tubing, the

following choice and assumptions were made:
)] Type L (medium thick wall) copper

tube of 0.0045m outer diameter and

0.0028m inner diameter was
selected based on American
Standard  Safety @ Code  for
Mechanical Refrigeration Code
(CSA B52)
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(i1) The condenser tubing wound round
the dryer is assumed to make a good
thermal contact with the aluminum
plate covering it. By so doing the
aluminum plate provides a larger
surface for heat transfer, and hence
acts as a fin.
From Fig. 2, the actual heat required in the dryer,
Qu according to Siemens Switzerland Limited,
Building Technologies Group (2010) includes:
(1) The heat released by the refrigerant vapour as
it de-superheats from state 2 to state 2', that is,
tr (h2 — hy'), and (ii) The heat of condensation
released into the condenser from saturated
vapour state 2' to saturated liquid state 3, tir (h,'
—hs)
The heat released as the refrigerant sub cools
from state 3 to state 3', g (hs — hs') is rejected
outside the dryer (surroundings).
Therefore, the actual heat required in the dryer is
given by:
Qu =i [(h2 — ') + (o' — h3)] = tiig (h2 — h3)
10
Substituting values into equation (10), yields mg.
The selected dryer/ condenser copper tube
parameters are;
Outer diameter, de; Inner diameter, d.;, inner
cross sectional area, A
Asi = ndi’/4 11
The length of tubing that can dissipate the heat
released by the refrigerant vapour as it de-
superheats from state 2 (57°C) to saturated state

2'(52°C) can be estimated as follows:
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Vapour properties of R-134a at 57°C superheat
region refrigerant entry temperature, Desai
(2007) are: Density, pyc2; dynamic viscosity, ye;
specific heat capacity, Cpw2; and thermal
conductivity, ke

The mean velocity of vapour, ums in the
condenser tubing is given by;
Ume2 = MR/ Pve2Adi 12
Reynolds number of the vapour at the superheat
region, Rew, is used to establish the superheat
flow regime of the refrigerant inside the copper
tube and is given as;

13

Rex > 2300, therefore the refrigerant flow

Rew = pve2 Umez dei/ Hve2

regime is turbulent.
For turbulent flow in a smooth pipe such as the
condenser, (Holman, 2001) recommended the
use of Dittus and Boelter’s cooling correlation to
find the convection heat transfer coefficient, h.,
that will convect away the refrigerant heat in the
pipe (tubing) as follows:
Nusselt Number, Nug; = 0.023 Ree **Pro®?

14
The Prandtl number, Pre; of the superheat flow
region is given) as;
Pre = Cpvaaptver! kve 15
Substituting for Pre, and Re.; into equation (14)
gives Nuc;
But, Nue; = heodei/kver 16
Substituting for Nue, de and kv, into equation

(16) yields he;
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he is the convection heat transfer coefficient
required to dissipate heat from the superheated
refrigerant in the condenser to the dryer (drying
chamber).

Similarly, the refrigerant enters the condensation
(phase change) region (2' - 3) at the saturation
temperature of 52°C as represented in Fig. 2. To
establish the heat transfer coefficient required to
convect heat from the refrigerant at the
condensation region to the drying chamber, the
vapour properties of the R-134a refrigerant at the

entry saturation temperature of 52°C are:

P2 w2 Cped and ke

Mean velocity of vapour, umo' in the
condensation region tubing is given by;

Une?' = 1V pyved Aci 17

Reynolds number of the vapour, Re..', is used to
establish the condensation flow regime of the
refrigerant inside the copper tube and is given as;
Rew' = pyed’ Ume' dei/ pyed' 18
Since Re > 2300, the refrigerant flow regime is
turbulent.

Dittus & Boelter’s cooling correlation for
turbulent flow in a smooth tube is used to find
the Nusselt Number, Nue,' and convective heat
transfer coefficient, he,!, in the condensation
region (Holman, 2001) as follows;
Nue' = 0.023 Rec' **Prop' 19
The Prandtl number, Pro' of the condensation
flow region is also commonly expressed in heat
transfer calculations as;

20

I _ 1 1 1
Pro = vacz Hve2 / Kye2

Nueo' = he' deilkved' 21
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Substituting for Nu', dii and ko' into equation
(21) yields he'
he' is the convection heat transfer coefficient
required to convect heat from the condensing
refrigerant to the drying chamber.
Average heat transfer coefficient, he,' in the
superheat and condensation regions of the
condenser is given in equation (22) as:
1
hen'= 2 (hex + hczl) 22
Similarly average temperature in the superheat
and condensation regions as the refrigerant cools
from Te, 57°C to Te', 52°C is given as:
1
T = ) (T + T 23
From section 7.0: the heat rejected by the
condenser refrigerant in the superheat and
condensation regions is equal to the heat
received by the drying chamber to heat up the
ambient air from T,, 33°C to dryer temperature,
Ta, S0°C and that is estimated as Qq.
Thus, average temperature difference between
the condenser and the dryer, T is:
Tea = (Te' - To) 24
The surface area, A3 and length of tubing, L3
required for the superheat and condensation
regions can be estimated with equation (25) as:
1 (ha — hs) = Qq = heao' Asers Tea 25 Substituting
the values of the parameters in equation (25)
yields Agc23
But, Asoz = ndcile2s 26
Substituting the values of the parameters in

equation (26) yields L3
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Les is the minimum length of copper tubing
required in the superheat and condensation
regions to dissipate heat from the condenser
refrigerant into the dryer (drying chamber).

8.2 Fouling Factor Effects in the
Condensation Region

Fouling takes place in the condensation region
due to the presence of oil in the condenser and/
or low refrigerant velocities. The oil film on the
internal surface of the tube causes resistance to
heat flow. Besides, at low velocities (and the
consequent pressure drop), vapour bubbles
formed by the boiling action of the refrigerant
tend to cling to the tube walls. This will decrease
the amount of interior wetted surface and present
additional resistance to heat flow. The fouling
takes place in the condenser mixture region
where there is the presence of liquid refrigerant.
Holman (2001) estimated fouling effect in tubes
mathematically as:
Fouling factor = 1/fainy 27

Where: f = fouling factor or fouling heat transfer
coefficient. For refrigerant liquid;
1/£=0.0002m*°C/W (Holman, 2001). This gives
f as (0.0002)" = 5000W/m?°C = 5kW/m?°C
Hence for the condensation region;

transfer fo'y =

Fouling heat coefficient,

5kW/m*°C
28 From Fig.2; given the

condensation region of refrigerant average
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temperature, T»'s from state 2' to state 3 of 52°C,
and discharging the refrigerant’s heat content
into the dryer at the temperature, T4 of 50°C;
As2s, the surface area of the condenser tubing
that can compensate for fouling effects can be
found using equation (29) as:

m (hy' — hs) = fo3Ak2's (T2'3 — Ta) 29
Substituting for the quantities into equation (29)
yields As2's;
Asr'3-mdeLer's 30 Substituting
for Ase2's and d.i in equation (30) yields Le's
Lo's is the length of tubing required to
for effects in the

compensate fouling

condensation region 2'3.

Total Length of the Tubing for Superheat and
Condensation Regions

The calculated length of tubing for the
condensation and superheat regions, Lest is
given as the sum of the tube lengths calculated
for the regions. It is common practice to add a
certain length as safety factor to compensate for
frictional losses occasioned by the roughness
associated with local bending of pipes (Roy,
1997). The length added as factor of safety for
10%
condenser tubing length.

this work is of the calculated total

Thus,
Least = (Leas + Lea's) + 0.1(Le2s + Lea's)
31
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The pipe (tubing) is wound inside the insulated
drying chamber and covered with aluminium
plate. The tubing is directly connected to the pipe

coming from the compressor discharge line. This

9. DRYER DESIGN SPECIFICATIONS

is to ensure that the superheated vapour coming
from the compressor discharges its heat content

into the dryer for maximum heating.

Table 2. Dryer/ condenser design parameters

Heat required in the dryer (Design)
Length of dryer hanging rod
Gap between dryer roof and hanging rod

mass flow rate of refrigerant (rr) (Design)

0.1659kW
0.5m
0.3m
0.001 kg/s

Dryer dimensions (Design) LxWxH = 0.5m x 0.5m x 1.0m

Dryer air mass flow rate (1h,) (Design)
Dryer Tube material Copper
Tube inner diameter, d.;

Length of tube for the dryer

Outer wall material

10. EXPERIMENTAL METHOD

The integrated ITRWHRD is such that an
extractor fan to remove moist air from the drying
operation is located at the upper side of it, while
an air vent with a removable lid is located on its
roof to ensure continuous exchange of air
between the drying chamber and the surrounding
environment. A drain pipe is connected to the
base of the dryer for removal of dripping water
from the materials being dried in the dryer.

The condenser of the system is installed in such
a way that part of it is within the dryer and the
remaining part is exposed to the ambient
environment. The condenser section located

within the dryer receives hot refrigerant vapour
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9.7x107kg/s

2.8mm
9.38m

Galvanized steel plate

coming from the compressor. The hot refrigerant
vapour loses part of its heat content to the air
within the dryer thus raising the dryer air
temperature. This subsequently reduces the dryer
air relative humidity thereby increasing the rate
of moisture removal from the material to be
dried. On the other hand, the condenser section
exposed to the ambient environment loses heat to
the ambient air thus ensuring full refrigerant
condensation and sub cooling to the required
design temperature. The sub-cooled refrigerant
from the portion of the condenser exposed to the
ambient environment enters the evaporator
through the expansion device. Temperature

variations and drying rates were monitored
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uninterrupted by powering the system with
generating set. Readings were taken at regular
intervals of 10 to 15 minutes for drying rate
experiments and 30 minutes for temperature
monitoring.

Weight loss of the product inside the drying
chamber is also constantly monitored by the use
of digital hanging scale. The digital hanging
scale has three major parts, namely, the stainless
hook at one end, the hanger (handle) at the other
end and the digital box (in between the two ends)
which displays the mass of cloths hung on the
hook in kilograms. For continuous operation, the
hook of the hanger is lowered inside the drying
chamber through the air vent on the roof of the
drying chamber while both the digital box and
handle are held outside the drying chamber.

The stainless hook carries the wet cloth to be
dried, while the handle serves to support the
whole weight of the hanging scale and wet cloth
on any outside platform. The reading of the

weight (kg) displayed on the digital scale is taken
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every 15 minutes without opening the door of the
drying chamber. This is expected to avoid influx
of outside air which may reduce the temperature
of the dryer. In this way the amount of moisture
removed from the cloth is observed periodically.
The dryer temperature is observed by installing
100°C mercury in glass thermometer. The bulb
of the thermometer is held in a slit cut in a thick
carton paper sheet. The paper sheet, 15cm x
15cm is placed loosely on the 10cm diameter air
vent located on the roof top of the ITRWHRD in
such a way as not to hinder free flow of outside
air into the dryer. Both the hook of the hanging
digital scale and the bulb of the mercury in tube
thermometer are passed through the carton paper
sheet placed on the 10cm diameter air vent into
the drying chamber. In this position, the bulb of
the thermometer comes in contact with the hot
air being circulated in the dryer and continuously
reads the dryer temperature. This ensures that
there is no need to open the dryer door before the

temperature of the dryer could be read.
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11. RESULTS AND DISCUSSIO

Fig. 3. Dryer temperature variations under unloaded condition and with
extractor fan switched off for August 8, 2013 and June 26, 2014 experimental
rumns.

Fig. 4. Drver temperature variations (unloaded) for August 9, 2013 and
June 28, 2014 when the extractor fan was on.
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0.27kg, 4.75hrs 0.17kg, 2.5hrs 0.1%kg, 2 Shrs

Fig. 5. Moisture loss of fabrics A, B and C over time
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Fig. 6. Drving rate for fabric A. Run of July 2, 2014.
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The results of the heating (drying) experimental
runs of the ITRWHRD are presented graphically
in Figs 3 to 6. They show the measured drying
temperature variations and moisture loss with
time for the heating operations.

11.1  Drying Temperature without Load
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Fig 3 shows a typical plot of temperature
variations with time (with extractor fan switched
off). The drying chamber temperature increases
from initial value of 27 and 26.5°C to about 49
OC. The asymptotic profile at 49 °C horizontal
indicates that the drying chamber temperature

attained its maximum value after about 105
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minutes of the system operation. Near steady
drying chamber temperature increases did not
commence until around 10 minutes after
commencement, which means that the initial
period was used in heating the chamber to
temperatures above its ambient. For the
experimental runs (when the extractor fan was
switched on from commencement of compressor
operation), the asymptotic profile at about 45°C
horizontal indicates that the drying chamber
temperature attained its maximum value after

about 130 minutes at 45°C (Fig 4)

11.2
Cloth
This refers to the rate of dehydration of the fabric

Moisture Loss Rate from Drying

(cloth) being dried in the drying chamber (dryer)
at 30 minutes intervals. Fabrics A, B and C were
examined at the drying temperature of 45°C.
Drying conditions were 26- 28°C db, 25- 26°C
wb, and 80- 86% RH (Fig. 5). Fabric A lost
0.27kg of moisture in 4% hours, fabrics B and C
lost 0.17kg and 0.19kg of moisture in 2% hours
respectively. Fabric A has higher moisture
retention capacity and took longer time (4%
hours) to dry. This means that the rate of
moisture loss also depends on the texture of
materials. Drying curves of the fabrics have
similar configurations.

Moisture loss rate, r = (my2 — My1)/ (t2 — t1)

32
my2 = the mass of wet cloth (fabric), my= the

initial mass of dry cloth (fabric) before it is
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wetted; t; = the initial time before the drying
operation begins; t, is the final time at which the
wet cloth is dried back to its initial mass. Fig. 6
reveals the observed drying behaviour for fabric
A at an average drying temperature of 45°C. It
shows that the drying pattern of the fabric
follows the general drying behaviour. This is
because the three major stages represented on
general drying graphs are equally observed on
the graph of drying rates for the fabric. The
stages according to Kawongolo, (2012), are:
Stage A — B: This section is the “warming — up”
period during which the solid material is heated
by conduction so that the surface temperature
comes in equilibrium with the drying air
conditions. This seems to take place within the
first 30 minutes of the drying operation

Stage B — C: This section represents the
“constant —rate” period during which the surface
of the material remains saturated with liquid
water because the movement of water within the
material to surface is the same as the rate of
evaporation. It lasted for about 30 minutes. C is
the critical point

Stage C—E: T

This section represents the “falling rate” period
during which the drying rate slowly decreases
until it approaches zero at the “equilibrium
moisture content” (i.e. when the material comes

to equilibrium with the drying air).

12. DATA REDUCTION METHODS
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IThan (2009) suggested some energy equations
that can be used to evaluate the performance of a
typical heat pump dryer like the ITRWHRD. The
equations were modelled as steady flow
processes and analyzed by employing steady
flow conservation of mass (for both dry air and
moisture). The equations are for evaluating the
coefficient of performance (COP), energy
utilization ratio (EUR) and specific moisture
extraction rate (SMER).

12.1  Coefficient of Performance (COPyy)
of the whole system

For a heat recovery system, Ilhan (2009)
suggested the coefficient of performance of the
whole system (COP\;) as:

COPyws= (Qa+Qev)/ (Pe+Pc) = 1ir [(h2— h3)
+ (hi—h4)]/ (P + Pc). 33

Where: Qg and Q. are dryer heat and heat
absorbed from the evaporator respectively; P
and Pc stand for power input to the extractor fan
and compressor respectively and are given by:
Pc=1cV 34

Ic is the current drawn by the compressor (as
indicated by the clamp-on ammeter), V is supply
voltage (220V)
Similarly, Pr = IV 35
Substituting values gives COPys= 10.09

COP,s shows that the energy derived from the
ITRWHRD is 10 times the energy consumed by
it, hence it is efficient. Since higher COPy;
equate to lower operating cost, the ITRWHRD

can be said to be energy efficient.
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12.2  Specific Moisture Extraction Rate
(SMER)

SMER = (w2 — wi)/ (Pc+ F¢) 36
For the sample fabric used for the

experimentation, fabric A, (w2 — w1) is the mass
of moisture removed per given drying period.
270g of moisture was removed per 285min =
56.84g/hr.

Substituting the above values into equation (36),
SMER is obtained as = 0.19kg/kWhr

This means that the ITRWHRD will consume
1kW of energy to extract 0.19kg of moisture
from fabric A, and also provide 150W of cooling
at the evaporator.

Similarly for fabric B: mass of moisture removed
during drying is 170g per 150min = 68g/hr.
Hence, for fabric B: SMER 68/303.6
0.22g/Whr = 0.22kg/kWhr

This means that the ITRWHRD will consume

1kW of energy to extract 0.22kg of moisture
from fabric B, and also provide 150W of cooling
at the evaporator.

This 1kW of energy used in the ITRWHRD for
drying could have been wasted into the
environment as condenser heat (in the case of a
normal domestic refrigerator), or the 150W of
cooling wasted as unwanted cooling in the case
of a conventional heat pump). Thus the dual
purpose ITRWHRD conserves energy.

12.3  Energy Utilization Ratio (EUR)

EUR ascertains how much of the total energy
supplied in the condenser that is actually utilized

in the dryer. It is given as:
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EUR = rig (hy— hs)/ rir (ho— hy") = (ha— h3)/ (h,
—hsY) 37

Substituting the enthalpy values from Fig. 2 into
equation (37):

EUR =0.92

EUR shows that about 92% of the heat supplied
by the ITRWHRD was actually utilized for
drying. Hence, only 8% of the available heat for
drying in the condenser was lost to sub-cooling
of the refrigerant in the ambient air outside the

drying chamber.

13. CONCLUSION

The dryer unit of ITRWHRD was successfully
designed and constructed using locally available
technology. Design of the cold space
(evaporator) was not shown as part of this work.
Design dryer temperature was 50°C, but what
was realized through direct measurement was
47°C with extractor fan switched on and the cold
space loaded with 40 kg of water.

The COPyws, SMER and EUR showed that
ITRWHRD is an energy efficient system.

In the extensive literature review undertaken, no
example of previous work on reversed heat
engine producing useful cooling and heating
effects simultaneously was noted. The reported
ITRWHRD,  successfully designed and
constructed using locally available technology,

addressed this deficiency.
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ABSTRACT

Power transformers are one of power system components that are used at high voltage levels, and the oil
serves as both an effective electrical insulation and coolant to the windings. For effective power delivery
of any power system one of the major components of such systems is the power transformer need proper
care. For the singular purpose of transforming different voltages and currents of one electrical circuit to
another it is no gain saying that the power transformer should be in the best state in order to deliver as
anticipated. It has been a challenge for power engineers to maintain steady supply of electricity especially
in Nigeria of which one peculiar reason for that is unavailability of some power transformers in the network
as a result of damage. As have been identified, one of the causes of power transformers packing up, this
paper reviewed the adverse effect of contaminated oil and its impact on the performance of power
transformers. Hence recommend that Research centers, institutions, and utility centers should be equipped
with complete testing kits, equipment to ensure timely examination and detection of these adverse effects.

Keyword: High Voltage, Power Transformer, Transformer oil, Insulation, Coolant, and Windings

1. INTRODUCTION . .
proper measures can be taken in view of

The utmost importance of power transformers as ) ) .
preventing failure and remove the immense cost

a key component in high voltage transmission ) )
caused by the failure in terms of asset loss and

and distribution systems regarding ener ) ) ) . .
Y g 8 &y business interruption [2]. Oil is an essential part

utilities and consumers cannot be )
in power transformers. It serves as both the

overemphasized. However, the subsequent Lo ) L.
electrical insulation and coolant and is in direct

failures of power transformers in most part, are as ) )
contact with metals, iron core and the paper

a resultant effect of transformers approaching or ) ) . o
insulation. This implies that the transformer oil is

exceeding their designed life expectancy. Based )
very easy to be contaminated [3, 4]. Transformers

on analysis, about 30% of total failures of . i . .
with aged paper insulation can readily

transformers are as a result of insulation/oil ) ] ) )
contaminate its oil by the formation of

contamination [1]. Therefore, it is essential to ) ) )
contaminants such as metal filings or cellulosic

understand the failure mechanisms/processes so

that the
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residual. During operation, present within the

transformers are non-uniform fields.

These contaminants tend to move towards high
field regions due to di-electrophoresis (DEP)
forces and could form a bridge over a period of
time. The bridge may potentially act as a
conducting path between two different potentials
within the transformer structure, leading to partial
discharges or insulation failure. Previous work on
cellulosic particles has demonstrated that pre-
breakdown phenomena are closely related to the
level of contamination [5]. In order to meet the
energy requirements of the 21% century, demand
for HVDC transformers has increased as a direct
consequence of the sheer popularity synonymous
with renewable energy sources like solar which
has paved way for the building of long distance
DC transmission lines [6, 7]. Some parts of these
HVDC converter transformers experience
combined effect of AC and DC electric field as
revealed by analysis on operational HVDC [8].
HVDC systems in operation today are mostly

based on line-commutated converters (LCC).

This configuration uses a three-phase bridge
rectifier or six-pulse bridge that contains six
electronic switches. Each of these switches
connecting one of the three phases to one of the
two DC rails. A phase change only every 60° and
considerable harmonic distortion is produced at
both the DC and AC terminals when this
arrangement is used [9]. When two units of six

pulse converters are connected in series, star or

delta configuration are used on the DC side for
harmonic cancellation. LCC HVDC transformers
are placed between converter and AC bus bar and
before the AC harmonic filters. These
transformers have to withstand DC stress and low
order  harmonics. An LCC HVDC
convertertransformer is also subjected to a DC
offset voltage depending upon the position with

respect to ground [10].

Power Transformers: The power transformers
as electrical devices are types of transformers that
are used to transmit electrical energy in any
component of the electronic or electrical circuit
between the distribution primary circuits and the
generator. These transformers are utilized in
distribution networks to interface step down and
step up voltages. The usual form of power
transformer is fluid immersed, and the life cycle
of these instruments is approximately 30 years.
Power transformers can be divided into three
types based on their apparent power ranges. They
are large power transformers, medium power

transformers, and small power transformers [11].

i.  The range of large power transformers can
be from 100M VA and beyond
ii. The range of medium power transformers
can be from -100MVA
iii.  The range of low power transformers can be

from 500-7500kVA

Voltages are transmitted by these power
transformers. They keep low voltage - high

current circuit at one section of the transformer
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and on the other side of the transformer, they keep
high voltage - low current circuit. The working
principle of power transformer is based on
Faraday’s law of electromagnetic induction. This
explains the power network into areas where
every gear attached to the system is designed per

the rates set by the power transformer.

2.1 Structure of Power Transformer
The structure of the power transformer is
modeled with metal that is covered by sheets. It

is fixed into either a shell type or core type. The

Laminated Sheets

l

4

(a) Single Phase Core Type

Coils

structures of the transformer are wound and
attached, employing conductors to produce three
1-phase or one 3-phase transformer. Three 1-
phase transformers need each bank isolated from
the extra parts and thus provide continuity of
service once one bank flops. A single 3-phase
transformer, whether the core or shell type, will
not perform even with one bank out of service.
The 3-phase transformer is cost-effective to
produce, and it has a lower footprint and operates

comparatively with higher efficiency [11].

Laminated Sheets

(b) Single Phase Shell Type

Coils

Laminated Sheets

-Coils

(c) Three Phase Core Type

Fig. 1: Transformer Core Types [12]
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Fig.2: Pictorial View of some Qil Filled Power Transformer [13]

The structure of the transformer is enveloped in a
fire retardant particular fluid inside a tank. The
conservatory on top of the liquid tank allows for
the increasing oil to cover it completely. The
charger of the load drains to the side of the tank
varies the number of turns on the low current-
high voltage section for superior voltage
adjustment. The bushings of the tank allow for
parts to precisely enter and exit the system
without damaging the outer shell. The power
transformer can be operated beyond its low rating
as long as it stays within the 65°C increase of the
temperature. Transformers (ONAF) are built-in
with special fans that cool the center of the
transformer for operating on the above standard
operation to a point below the certified
temperature.

2.2 Transformer Insulating Materials

The key components of a power transformer in
carrying out its fundamental function of
transforming voltage and current are the primary

and secondary coils of the power transformer.
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Both the primary and secondary coils of the
transformer are insulated with some materials. In
addition to the primary and secondary coils, there
are several other essential components and
accessories. One of the most critical components
of a transformer is the insulating material.
Adequate insulation between different active
parts of the transformer is very essential for its
safe operation. Optimum insulation is not only
necessary to isolate coils from one another, or
from the core and tank, but also guarantees the
safety of the transformer against accidental over
voltages. Insulating Materials are of different

types like solid and liquid insulations;

(a) Solid Insulation: The transformer contains
solid insulation materials commonly found in it,
such as pressboard, paper, transformer board and
are formed from the cellulose found in plants. For
a very long time, cellulose insulation with its
counterpart mineral oil has majorly played a vital
role as the main insulation system for
transformers. Cellulose paper, tapes, and cloths
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have also been widely used. They provide
excellent dielectric strength and low dielectric
loss, and hence impregnated paper is now
commonly accepted as the insulation pillar of the
electricity industry. Paper and pressboard
insulation derivedfrom pure cellulose have an
excellent capacity for being impregnated with oil,
thereby improving their insulation properties
many times over. In addition, such solid
insulating materials are easy to mold and wrap
around coils, and can be made of wvarious

dimensions as per requirements.

(b) Liquid Insulation — Oil: Oil is an equally

important part of a transformer’s overall
insulation. Oil, like paper/pressboard, is a product
of nature containing a variety of impurities of
speculative nature and amount. The main function
of insulating oil in a transformer is to provide
electrical insulation between the various
energized parts; it also acts as a protective coating
layer to prevent oxidation of the metal
surfaces.Another important function of the oil is
to enhance heat dissipation. Power losses in
transformer cores and windings is a direct
consequence of both the cores and windings
getting heated up during operation. Oil takes heat
away from the core and windings by the process
of conduction and carries heat to the surrounding
tank, which is then radiated out to the

atmosphere.

2.3 Transformer Oil Degradation
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Major factors influencing the degradation of

transformer oil include: excessive heating,
oxidation, contamination, partial discharges, and

related by-products.

(a) Thermal Degradation: One of the most
severe factors influencing the degradation of
transformer oil is excessive temperature rise, and
it is estimated that increase of 8 — 10 °C in
temperature approximately doubles the rate of oil
degradation. Oil decomposition, produces several
by-products at elevated temperature, which
further accelerates the ageing process of both

liquid and solid insulation inside the transformer.

(b) Ocxidation: Chemical reaction as the
aftermath of oxidation of oil which causes a
breakdown of bonds. The main oxidation
products of oil include water, carbon dioxide,
carbon monoxide, acids, and sludge. In addition,
the presence of dissolved metals such as iron,
copper, etc. acts as a catalyst to accelerate the oil
degradation process. As oxygen has two free
electrons, any ingress of air in oil makes it more
susceptible to an auto-oxidation process. These
free radicals can easily break the hydrocarbon
chains in oil and produce peroxides. Under heat,
these peroxides decay to produce more free
and thus the

radicals, oxidation process

compounds as a chain reaction process.

(c) Contamination: The insulation property of
oil is greatly affected by the presence of water in
oil, either in dissolved form or suspended form.

Thermal degradation of cellulose and oil will
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produce water internally. In free breathing units,

water may also be absorbed from the atmosphere.

(d) Partial Discharges: Owing to excessive
thermal stress or spurious electric discharges due
to high electrical stress, gas may emanate in oil.
The decomposition of the gas which emanated
from the oil, produces hydrogen and hydrocarbon
gases as its by-product.Because of the variation
in permittivity of the gas and the liquid insulation
surrounding it, the electrical stress across the gas
voids will be very high. Such high electrical stress
in the gas pockets will promote further partial
discharges and can

cause  progressive

deterioration of the oil.

2.4 Measures to Minimize Qil Degradation

As previously discussed earlier, oxidation is the
major cause of transformer oil degradation in
free-breathing transformers. To prevent the
entering of air inside the transformer during the
breathing process, nitrogen gas cushion
transformers can be used, where dry nitrogen is
used to fill up the tank space above the oil so as
to minimize the exposure of oil to oxygen. Also,
adding oxidation inhibitors such as DBPC to new
oil effectively prevents the ageing of the oil. The
presence of metals accelerate the ageing process
of oil. Amino group inhibitors added, can

eliminate this influence. Temperature is one
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major dominant factor of oil degradation. The oil
temperature can be limited to safe values by the
use of cooling tubes that aid in the heat
convection and dissipation process. Cooling
efficiency can further be improved by artificial
cooling techniques such as forced fan cooling,
forced oil cooling, or water cooling. Large
transformers are very often equipped with pumps
in the oil line and also in the water line to enhance

cooling [14].

2.5 Pressboard Dust in Oil

Although the suspended particle theory cannot
explain all the phenomena observed before a
liquid breakdown, extensive experimental studies
have shown that conducting particles accumulate
in high electric field will move towards the region
of highest electric field intensity due to di-
electrophoresis [5, 15, 16]. Even if oil undergoes
important cleaning procedures during its
production, impurities can still contaminate oil
during storage and shipping. This is particularly
the case during operation where cellulose paper
fragments, due to electrical and thermal
stresses,will become present in the transformer
oil [1]. Fibrous dust particles from pressboard
[1]. The

insulation were investigated in

experiment was conducted as follows:
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Electrode system
Sample container

Digital camera
Microsocpe Picoammeter

1906 Digital
Multimeter

Fig. 3: Experimental Setup Used for the Observation of Dust Particles Accumulation in Transformer Oil

[5].

3.0

PREVIOUS EXPERIMENTAL SETUP
Basically, two spherical electrodes of 10 mm
diameter, spaced to 10 mm, were in the middle
section of a sample tank, filled with 300 ml of
transformer oil that completely submerged the
electrodes. The goal of the test was to observe the
bridge formation across the electrodes and to
measure the current flowing through the electrode
gap when three different DC voltages of 2 kV, 7.5
kV and 15 kV were applied to the sample tank.
The typical experimental setup is summarized in
Figure 3.0. For each level of contamination, the

same measurements were made. After switching
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on the power supply, contaminant particles were
moving back and forth in the electrode gap. After
a while, the particles started to attach to the two
electrodes and, then, connected themselves to
form a partial bridge at the surface of the
electrodes. The bridge kept growing until a
complete bridge was formed. The first important
result is that the bridge formation was accelerated
when greater DC voltages were applied. And the

second important result was that the complete

bridge was thicker when dust particle
concentration was increased.
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Fig.4. Optical microscopic images of bridging in contaminated transformer oil with

150-500 pm pressboard fiber, concentration level 0.002% [17].

4. CONCLUSION

Based on the reviewed experiments, it is evident
that the contaminated transformer oil has a
negative effect on the performance of power
transformers as they might lead to field bridging,
which can damage the transformer. This as seen
in the reviewed experimental set up shows clearly
that when a transformer oil is contaminated with
certain kinds of particles or impurities, when
powered there exist a back and forth movement
of such particles which further leads to the
formation of a bridge between electrodes and can
lead to internal explosion capable of damaging
the transformer over time. Hence the behavior of
particles in the transformer oil need to be
thoroughly examined in other to preempt
unnecessary breakdown of power transformers
especially when already deployed to the utilities.
And timely maintenance by refilling the
contaminated transformer oil as soon as detected

should be a cultural practice. Research centers,
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institutions, and utility centers should be
equipped with complete testing kits, equipment to
ensure timely examination and detection of these

adverse effects.
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ABSTRACT

Post-harvest and storage losses are enormous because of poor handling facilities for agricultural produce
in Nigeria. There is also the need for a hygienic processing of cassava prevalent condition in the
commercial grating areas of this staple food show a susceptibility to food contamination. This problem
leads to undue scarcity of the produce immediately after harvest season. In order to address this problem,
an improved cassava grating machine where the materials, the tubers of cassava being grated, can be
properly monitored was designed, fabricated and tested. The performance evaluation of the fabricated
machine was carried out to be efficient. The tests conducted with 23.336kg of cassava with the improved
fabricated cassava grater, shows that the actual capacity of the machine, the efficiency, percentage loss
and through put capacity of the machine were 309.099%g/hr, 94%, 5.956% and 328.676kg/hr respectively.

Keywords: Design, Cassava, motorize, Grating, performance

1. INTRODUCTION

Manual grating is tedious time consuming and
usually result in injuries to the fingers of the
operator. Furthermore, the manual grating of
cassava leads to non-uniform quality products. It
is also observed that most of cassava grater in use
are usually corroding (reducing service life) due
to the acidic nature of cassava fluid and material
used for the fabrication. To ensure all cassava
products are free from any taste odour or infected
by iron contents hence the need to modify the
and use material for

design appropriate

fabrication.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

335

Cassava (manihotesculentacrantz) is a starchy
tuberous root crop belonging to the family of
Euphurbiaceac (United State Department of
Agriculture, 2018). After rice, sugar, and maize,
it is the fourth source of dietary energy in the
tropical region and the ninth globally. It is also
the staple food of roughly 800 million people
worldwide in the developing countries, cassava is
considered as drought, war and famine crop
(Burns et al., 2010). It is commonly grown by
low-income and smallholder farmers because of
its tolerance to low soil fertilizer, drought and

most pest and diseases (Howeler et al., 2013).
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Thus, dependence on this crop will expectedly
rise in the coming years with aggravation of
climate change

A major limitation of cassava is its rapid post-
harvest physiological deterioration. It should be
processed immediately after harvest because it is
highly perishable. Deterioration normally starts
within 48 to 72 hours after it is taken from the
ground (Smith et al., 1994). Hence, it is crucial
that the tubers are processed as early as possible
(Ajao et al.,, 2013). Moreover, processing the
cassava decreases it cyanide content which is
poisonous. Consequently, this prolongs the
products shelf life, reduces post-harvest losses,
and prevent contamination of the products which
will convert the crop to a safer and more
merchantable form (Doydora et al., 2017). In
rural areas, manual processing of cassava is
practical. This traditional way of grating cassava
is done by manually rubbing the peeled tubers
against a roughened surface of galvanized mild
steel on a wood or metal frame. Manual grating is
tedious, time consuming and usually result in
injuries to the fingers of the operator furthermore,
the manual grating of cassava leads to non-
uniform quality products. The quality can differ
from one operator to another, and even with the
same person (Jekayinfa et al., 2003). As to
cassava processing, a number of equipment has
been designed to replace manual grating. These
include mechanized grater, motorized grater,

hammer mill disk grater and hand grater
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(Odebode, 2018). Considering the difficulties
from manual grating and limitations from
mechanized equipment’s, this research was
carried out to develop, fabricate and evaluate a
cassava grater that would lessen and relieve the
problems encountered by local cassava farmers.
This technology is also hoped to be more
adoptable to farmers because of its less complex
design, easier operation and use of locally

available materials.

2. MATERIALS AND METHOD

2.1 Design considerations

The general considerations in designing this
motorize cassava grating machine were

i. Considering the safety of the operators

ii. The machine should fulfill its basic task of
grating cassava.

iii. Producing a machine that can be easily be
assembled and  disassembled to ease
transportation.

iv. Ease of Feeding into the hopper

v. To design a cassava grater with less cost, which
can be accessible and affordable by peasant and
small-scale farmers.

2.2 Description of the Machine.

The grating machine consists mainly of the inlet
(hopper), the grating drum, a shaft, two bearings
driven by a 6HP electric motor through a v-belt

and pulley arrangement and a frame as shown in

(Figure 1).
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Figure 1: Exploded view of the cassava grater showing the different components

Table 1: Summary of Machine Construction Processes

SN Component Constru.ction Quantity
Materials
1 Frame 2 by 2 angle iron 1
(3mm)
2 Hopper Mild steel 20mm 1
3 Shaft Mild steel 20mm 1
4 Drum Stainless steel 1
(2mm)
5 Perforated Stainless steel 1
sheet (1mm)
6 Discharge Mild steel sheet 1
Chute (1.5mm)
2.3 Mode of Operation on the machine shaft and electric motor. When

The machine was designed in such a way to make

its operation simple. When mechanically
operated, the machine will be coupled to an

electric motor by a v-belt with the aid of pulleys
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the cassava is fed through the hopper, the grating
drum grate the cassava into pulps or mash and
then been discharge /Collected through the outlet

chute.
ber 2021
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2.4 Machine components design

2.4.1 volume of hopper, mm®

The volume of hoper was calculated as given in
equation 1 by (Igbozulike , Oyinloye, Diabana, &
Ihenko, 2018)

V=t ATE)

Where;

V = Volume of hoper, mm’®
Az = Area of base of the hopper, mm?

4 = Area of top of the hopper, mm?
h = height of the hopper, mm

2.4.2 Mass of hopper, kg
The mass of hoper was calculated using equation
2 (Eric, et al 1982)

m = pV —(2)
Where;

M= Mass of hopper, kg

£ = Material density, kg/mm’

V' = Volume of hopper material, mm?®
2.4.3 Volume of grating drum cylinder
The volume of grating drum cylinder was
calculated by equation 3 (Adejumo,1995)
V,=mr’L —(3)
Where;
V¢ = Cylinder volume, mm®
r = cylinder radius, mm,
L = drum length, mm
2.4.4 Force acting on the cylinder drum
The force acting on the cylinder drum was

calculated using equation 4 by (Ndaliman, 2006)
F=vpg —(4)

Where;
F = Force acting on the cylinder drum, N
v = Volume of the cylinder drum, mm’
P = density of material, kg/m’
g = Acceleration due to gravity, m/s’
2.4.5 Speed ratio
The speed ratio of the larger pulley on the
machine shaft to the smaller pulley on the electric
motor was calculated using equation 5 by
(Khurmi and Gupta, 2005)
NiD;=N:D» --(5)
Where;
Ni= Speed of electric motor = 1440rpm
N> = Speed of machine driving shaft, rpm =?
D, = Diameter of motor pulley = 30mm

D, = Diameter of machine pulley = 180mm

2.4.6 Belt length
According to Khurmi and Gupta (2008), the
length of the open belt was given by equation 6

as

f (5
L=2%+z2(di+dy)+\ 4= ---(6)
Where,
X = distance between pulley centers, mm
d; = driving (electric motor) pulley diameter, mm
d, = driven (machine shaft) pulley diameter, mm
2.4.7 Belt velocity
Belt velocity was calculated as in equation 7 by

(Khurmi and Gupta, 2008)

xDN
60 -—-(7)
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Where; m, X g
V=Belt velocity, m/s Wp= ---(10)
D=Diameter of pulley, mm Where;

N= Speed of pulley, rpm
L. . W, = pulley weight, N
2.4.8 Determination of grating torque

The grating torque was calculated using equation m, = mass of pulley, kg

(8) according to Khurmi and Gupta, 2008)

o SOE g = acceleration due to gravity, m/s”
"~ N -—(8)

T = grating torque on the shaft, Nm 2.4.11 Shaft design

) The shaft considered for satisfactory performance
P = Power rating of the motor, W o ] o
was chosen to be rigid enough while transmitting

N = i . ..
Speed of electric motor, rpm load under various operating condition. To

achieve this, a solid circular shaft was considered
for analysis of combined torsional and bending
2.4.9 Belt tension stress.
The belt tension was calculated using equation

(9) according to Khurmi and Gupta, 2008)

To obtain the shaft diameter, equation 11 was
used as given by (Khurmi and Gupta, (2005) as

P=M-T)V -~ reported in Mohammed A, (2018))
P = Power required to drive the grating drum, W

d® = ZJEMY + (KM,

T; & T, = Tension of tight and slack side of the -—~(11)
belt, N Where;

V = Belt velocity, m/s M, = Bending moment, Nm

2.4.10 Pulley weight M; = Torsional moment, Nm

The pulley was made of cast iron (Khurmi and K, = Combine shock and fatigue factor
Gupta 2008). The weight of pulley was applied to be bending moment,

calculated from equation 10 (Hannah and Hillier Ss = Allowable shear stress for shaft with
1999) key

d = Shaft diameter, m

2.4.11.1 shaft loading:
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2.4.12 Machine frame Design
The frame is one of the major parts of the

machine on which all other parts are rested. It is

made of an arrangements of angle irons (2 ¥ 2

\

inches). The angle iron is welded together to form
the frame work. The welding provides very rigid
joints. This is in line with the modern trend of

providing rigid frames. This provides the strength
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and rigidity for the overall machine. (Rufus &
Odo, 2018).

2.5 Performance evaluation of the machine
The machine operational parameters such as
throughput capacity, performance efficiency and
Actual Capacity were determined using the
following expressions as given by Darlene U.E.

et al (2019).
2.5.1 Actual Capacity, Ac (kg /hr),

The actual capacity, efficiency, percentage loss
and through put capacity was calculated using
equation (12), (13), (14) and (15) respectively
according to (Darlene , Guillermo , Michelle , &

Jane, 2019)

W

T —(12)
Where:
A_ = Actual Capacity of the machine
(kg/hr)
W, = Weight of Cassavarecovered (ko) =
21.946kg
T = Time of grating (hr) = 0.07 1

3. RESULTS AND DISCUSSION

2.5.2 Efficiency, E¢ (%6):

Wr
Er= —Zx 100
£ W s —(13)

Where:
E¢ = Efficiency of the machine (kg/hr)
W, = Weight of Cassava recovered (kg)
W; = Weight of Cassava fed into the machine
(kg)
Wi—Wy

P i L = m—— 100
53 ercentageloss W i

—(14)
Where:
W; = Weight of Cassava fed in (kg)

W, = Weight of Cassava recovered (kg)

2.5.4 Throughput capacity Te (kg/h):

_
=5 —(15)

Where
W; = Weight of Cassava fed into the machine
(kg)

T = Time taken to grate the cassava (hr)

Table 4: Results obtain from test conducted by the grater in five (5) replications

Weight of Weight
S/No.: Cassava(kg) Recovered (kg)
Wy W
1. 22.930 22.530
2. 20.720 20.150

Grating Time Actual Grating rate
(hr) Capacity (k/hr) (kg/hr)
T A, T,
0.081 278.148 283.086
0.060 335.833 345.333

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021




'E. S. Baranzan, 'E. S. Yayock and *M. Sani

Design And Fabrication Of A Motorized Cassava Grating Machine

3. 21.860 20.800
4. 22.960 20.750
5. 28.210 25.500
Total 116.680 109.730
Mean 23.336 21.946

0.073 284.932 299.452
0.063 329.365 364.444
0.078 326.923 361.667
0.355 1555.201 1653.982
0.071 311.040 330.796

Figure 2: A Graph of Weight of Cassava, (kg) and Weight Recovered
{kg) against Grating Time (hr)

— M Grating Time, (hr)

B Weight of Cassava, (kg)
Weight Reovered, (kg)

30
25
Weight of  20- B
Cassava, (kg) ) | - I
and Weight
Recovered, (kg) 10 7 — Il L
5 B —_—
I:I B o ——
i | 7 3 4 5
Serial Number

3.2 Discussion of Results

Cassava was grated in five (5) replications, the
total weight of cassava fed in, the total weight
recovered and time taken to grate the cassava
were noted and recorded as shown in the table
above.

As seen from the table above, average weight of
23.336kg of cassava which was fed into the
machine was grated in 0.071hours and as a result,
a total of 21.946kg was recovered after the
grating. From the performance evaluation, results
show that the actual capacity of the machine, the
efficiency, percentage loss and through put
capacity of the machine were 309.099kg/hr, 94%,
5.956% and 328.676kg/hr respectively. These

results obtained shows remarkable improvement

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

343

compared to that obtained by (Ndalima, 2006),
which is at 60% which was powered by human
effort. The result also showed a remarkable
improvement compared to the result obtained by
(Aideloje, Okwudibe, Jimoh, & Olawepo, 2018),
the through put capacity was 55.379kg/hr. This
results also showed improvement compared to
that obtained by (Yusuf, Akpenpuun, & Iyanda,
2019), they obtained an efficiency of 90.91% and
a through put capacity of 102.9kg/hr. Darlene ,
Guillermo , Michelle , & Jane, (2019) showed
remarkable improvement in their results in which

they were able to get an efficiency of 91.56% and

grating capacity of 283.26kg/hr, however
compared to the present study, it is an
amprovement on the values.
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Table 3 Bill of Engineering Measurement and Evaluation

S/N Materials Size Quantity Unit Price N Amount N

1 Bearings 2x3mm 2 1,500 3000

2 Pulley 12 x0.5mm 1 2,800 2,800

3 Angle Iron D25mm 2 1,200 2,400

4 Shaft O15mm 1 1,500 1,500

5 Sheet Metal @25mm ¥ 40,000 20, 000

6 Electrode Gauge 12 V4 packet 3,000 1,500

7 Drum/grating Sheet Y2 x2mm Ya 14,000 3,500

8 Bolt and nut @19mm 4 125 500

9 Hitch - 2 100 200

10  Transport - 4,500

11 Workmanship - 10000

12 Paint 1500
Total 56, 100

Figure 3: Isometric View of the cassava grater

4. CONCLUSION

The motorized cassava grating machine was
constructed and can grate cassava faster and
better than the traditional way of grating which
will eventually reduce human drudgery in
grating. The performance evaluation shows that
the actual capacity of the machine, the efficiency,

percentage loss and through put capacity of the
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machine were 309.099kg/hr, 94%, 5.956% and
328.676kg/hr respectively.

The machine is affordable, easy to handle and
maintain since the cost of production is low about
56,100 which will reduce during large scale
production.

The machine is expected to last for 10 years or
based on the construction materials

more,

selected and quality of fabrication work, which
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makes the machine to be durable and withstand

any force applied to it.
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ABSTRACT

Energy mix is a group of different primary energy sources from which secondary energy for direct use -
such as electricity - is produced. Energy mix refers to all direct uses of energy, such as transportation and
housing, so it is not to be confused with power generation mix, which refers only to generation of electricity.
In the Nigerian environment, there is a thin line between energy mix and power generation mix. Over the
years power generation in Nigeria has been mainly from hydro and gas-fired thermal power plants with
hydro 2,380MW accounting for approximately 16.7% of total generation potential. Thermal plants
10,142MW accounts for approximately 83.3% of total generation potential. Total electricity potential is
estimated at 12,522MV. However, with the increasing challenges of climate change (negatively affecting
hydro-generated power) and weak gas distribution infrastructure (causing irregular supply of gas to
thermal stations) there is an urgent need to look into the prospect of supplementing current power
generation infrastructure with renewable energy. Renewable energy (RE) resources hold great potential
for meeting the energy needs of Nigeria, a country that is aptly described as an energy deficient nation.
With abundant RE resources such as biomass, strong winds, unlimited solar potentials, hydro and
geothermal resources, Nigeria has sufficient RE resources that could potentially provide a significant
proportion of the country’s expanding energy needs. The Nigerian renewable energy market is still at its
developmental state, but we have seen significant traction in the last ten years owing to increasing
awareness, funding activities, the involvement of development finance institutions and non-governmental
institutions. This article looks critically into what has been achieved so far in the area of renewable energy
in Nigeria, the financing of renewable energy projects and current regulation. With respect the issues
financing of RE projects in Nigeria, one of the greatest challenges facing promoters of RE projects in
Nigeria is the difficulty of mobilizing the needed investible funds for such projects from the financial
markets. Another challenge has to do with the cost disadvantage that renewable energy projects suffer in
relation to conventional energy projects. The next issue is related to the lack of experience and familiarity
with RE projects among stakeholders especially policy makers, financiers and bankers add to the difficulties
that RE projects suffer in Nigeria. Other issues that makes it difficult for RE investors to raise funds from
the local capital market has to do with the absence of venture capital firms, the very low debt profile of the
market. Financing RE projects in Nigeria is also hindered by weak regulatory and institutional
arrangements just like many other developing countries. With respect to RE regulation in Nigeria, Nigeria's
renewable energy market is still largely new and not sophisticated enough to ascribe special values to
electricity from renewable energy in terms of green attributes or renewable energy credits. Another issue
is that the Building and construction permits are issued by the applicable state governments, and timelines
for these vary from state to state. Thirdly, under the current regulatory framework, renewable energy
project proponents in Nigeria find the cost and applicable timelines for as provided by the Environmental
Impact Assessment Act (EIA) as unfavourable. We also delved into the achievements of other countries in
the area of financing and regulation with respect to renewable energy and targets for achieving a desired
mix. Based on this we are able to make recommendations that will enhance optimum energy mix in Nigeria
that can have positive social impacts, including decreased energy bills for low-income individuals,
decreased dependency on public utilities, an improved environment from reduced pollution, and job
creation.
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1. INTRODUCTION

In order to meet its energy needs, each country
uses the types of energy available to it, in
different proportions. This is what is generally
referred to as energy mix. While the numbers
vary significantly from one country to another, it
is generally known that fossil fuels dominate the
energy mix at the global level, accounting for
over 80% of the total.

The term “energy mix” therefore, can be defined
as the blending of a number of primary sources of
energy designed to meet a country’s energy
needs. This would normally comprise of fossil
fuels such as oil, natural gas, coal, nuclear energy
and other sources of renewable energy. The other
sources of renewable energy include, wood, other
bio-energies, hydro, wind, solar and geothermal.

The composition of the energy mix varies greatly
from one country and can change significantly
from time to time. Variables affecting such

changes include:

The availability of usable resources domestically
or the possibility of importing them

The extent and type of energy needs to be met
Policy choices determined by historical,
economic, social, demographic, environmental

and geopolitical factors
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These differences can be noticed by comparing
the global, European and French energy mixes,
for example. Since the Industrial Revolution,
society’s development has been largely driven by
fossil fuels. As the global population grows and
the world becomes more developed, the demand
for energy is increasing as well.

In 2018, the consumption of primary energy
amounted to the equivalent of about 13.86 billion
metric tons of oil, compared to about 11.27
billion tons in 2006. Primary energy is comprised
of commercially traded fuels, including modern
renewable energy sources used to generate
electricity. The largest share of primary energy
consumption worldwide is attributed to oil,
followed by coal and natural gas. Nuclear energy
has fallen out of favour over the last decade in
some countries, while hydropower has become

increasingly popular.

In Europe, renewable energies (15.5%) and
nuclear (10.3%) are more developed, but fossil
fuels
(74.2%). Looking at only France, the breakdown

remain the dominant energy source
shows a completely different picture due to the
strong presence of nuclear (38.5%). The
proportion of renewables is below the European
average at 10.4%, while coal makes up a

negligible 3.4% of the total.
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In China and India, coal represents almost 60% of
the energy mix. Both countries are leading major
drives to develop solar and wind power, but the
needs of their rapidly growing economies mean
that the share of these renewable energies
remains low. For the same reason, they are also
having great difficulty reducing the proportion of
coal, which they have in abundance at low costs.
Historically, the United States has largely been
powered by coal and oil. But coal consumption
has decreased considerably over the last decade
due to the boom in shale gas and renewable
electricity. The country has closed a third of its

mines since the start of the century.

With the present accelerated erosion of the ozone
layer caused by global warming, we are now
approaching a critical time in our history when
we are faced with the decision to either continue
burning fossil fuels and contributing to climate
change or to switch to clean energy, making the
role of renewable energy sources more and more
important. The amount of renewable energy as a
share of total primary energy consumption
reached an all-time high of 13.6% in 2017. China
and Russia had the highest energy potential from
hydropower as of 2015, amounting to 2,140 and
1,670 terawatt hours per year respectively, which
will hopefully give these countries a strong

incentive to invest in hydroelectric.

In other environment particularly in developed

countries, energy mix points to all direct uses of
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energy, such as transportation and housing. It
important to note that the phrase energy mix
should not be confused with power generation
mix, which refers only to generation of
electricity. In Nigeria, however, there is a thin
line between energy mix and power generation
mix. Therefore, we shall approach the
presentation of this article, bearing this assertion

in mind.

In this article, we shall be looking at energy mix
in Nigeria from the perspective of finance and
regulation. This begins with a summary of the
energy situation in Nigeria. Then followed by an
examination of the financing and regulating
aspects of renewable energy projects in Nigeria.
We are deliberately focussing on renewable
energy because we believe that developing this
subsector would go a long way in achieving
optimal energy mix in Nigeria. In this article, we
shall also examine the financing and regulating
aspects of renewable energy projects in India, a
fast growing economy that Nigeria could learn

from.

We have deliberately chosen India as an example
because of certain similarities it has with Nigeria.
India has been a federal republic since 1950,
governed in a democratic parliamentary system.
The federal structure is similar to Nigeria except
in the system of governance (Nigeria operate a
Presidential system of governance). It is a

multicultural, multilingual, multi-religion and
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multi-ethnic society just like Nigeria. India also
has a fast growing population as we have in
Nigeria. India's population grew from 361 million
in 1951 (Nigeria 37.9 million) to 1.393 billion
(Nigeria 206.1 million) in 2020. From being a
comparatively destitute country in 1951, India
has become a fast-growing major economy and a
hub for information technology services, with an

expanding middle class.

2. CURRENT ENERGY
NIGERIA

SITUATION IN
Energy supply in Nigeria (especially electricity
and refined petroleum) has been inadequate and
unreliable in spite the country’s rich endowment
in hydrocarbon resources and its heavy reliance
on them. This has transformed Nigeria into an
energy deficient nation compelling widespread
dependence on diesel-based generators by
different classes of electricity consumers.
Currently only 40% of urban and 10% of rural
residents have access to electricity. Per capita
consumption of energy at about 212 kWh is one
of the lowest in the world. The consequences of
this on business competitiveness and the social

lives of the people have been enormous.

Deficient supply of modern fuels has also forced
a heavy reliance of households on biomass
resources such as fuel wood, corn stocks, animal
dung, among others, for domestic energy use

despite their inefficiencies and health risks.
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Modern fuel scarcity in the economy and failing
electricity supply create a dual energy crisis for
Nigeria. Studies report that small scale businesses
suffer the most from Nigeria’s energy poverty.
They spend a large proportion of their capital
(about 20-25% of their investment) on back-up
generating facilities thus turning the Nigerian
economy into a generator economy. The
economic cost of inadequate and unreliable
electricity to the Nigerian economy is huge. They
cost the Nigerian economy close to 4% of the
country’s GDP. Nigeria’s energy supply can be
altered with the use of RE resources which the
country is well endowed with. This could

potentially change its current economic status and

thus release its growth potentials.

Electricity Demand and Supply in Nigeria
Projections by various research groups suggest an
expected steady, sustained increased rate in
electricity demand effective 2015 going forward.
The J. Olayande & A. Rogo (2008) & Renewable
Master Plan projected that demand for electricity
in Nigeria will reach 116GW (gigawatts) by
2030. Same estimates put the demand at 45GW
as at 2020. The Energy Commission of Nigeria
also projected increase in electricity demand from
51GW in 2020 to 119GW by 2030.

On the supply side, Nigeria has 25 grid-
connected Power Generating Plants with a total
installed capacity of 12.56GW. Unfortunately,
these plants can only boast of an available

capacity of 3.88GW. This is due to the fact that a
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number of these plants are unavailable for
evacuation to the national grid because of the
peculiarity of Nigeria’s system — for instance lack
of maintenance and repair requirements, trip offs,
faults and leakages. Most of these plants are fired
by fossil (natural gas) thermal power (85%, i.c.,
22 Gas Plants generating 10,632MW) whilst the
15% by 3
hydroelectric power plants — Jebba, Kainji and

remaining are accounted for
Shiroro Power Stations generating 1,930MW
(Africa-EU RECP, 2016).

Renewable Energy Potential in Nigeria

Renewable energy (RE) resources hold great
potential for meeting the energy needs of Nigeria,
a country that is aptly described as an energy
deficient nation. With a huge RE resources such
unlimited solar

as biomass, strong winds,

potentials, hydro and geothermal resources, it is
believed Nigeria has sufficient RE resources that
could potentially provide a significant proportion
of the country’s expanding energy needs. For
example, the country has a solar radiation of
between 3.5 kWh/m*day at the coastal areas and
9.0 kWh/m?/day at the northern boundary. This
presents a great opportunity for Nigeria to get RE
at low cost as well as minimize her dependence
on fossil fuels. In terms of wind resources, the
country has an annual average of 2-4m/s at 10m
height mainland which has significant potential to
contribute to electricity production The country
also has sufficient endowment of other RE
resources such as hydro resources (a potential for
14,750 MW electricity generation), biomass
resources (which run into millions of tons) and

geothermal resources among others.

Table 1: Estimated Potential Energy Electricity Potential (MW)

Energy Source

Estimated Potential (MW)

Estimate Percentage (%)

Wind — On-Shore 1,600
Wind — Offshore 800
Solar PV Panels 7,000
Geothermal 500
Biomass 50
Small & Large Hydro 64,000
Nuclear Power 20,000
TOTAL 93,950

1.70
0.85
7.45
0.53
0.05
68.12
21.29
100

Source: GIZ, 2015

Table 1 above depicts estimated Renewable
electricity potentials in Nigeria. The numbers are

derived from the RE technologies including
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biofuels. Nigeria’s RE Master Plan (REMP 2005,
2012 Revised) planned to increase on-grid
renewable electricity supply from 13% of total

electricity generation in 2015 to 23% in 2025 and
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to 36% by 2030. This would enable renewable
electricity to account for 10% of Nigeria’s total
energy consumption by 2025 (ECN, Nov 2012;
REMP 2012 Revised). From the same table, we
can see that Small- and Large-Hydro are the
prominent power source of renewable electricity

accounting for about 68%

followed by nuclear power which accounts for
21.9%.

Government’s Electric Power Sector Reform
(2013) had initially set ambitious targets to
increase installed hydroelectric power to
5.69GW, thermal to over 20GW and renewables
to IGW capacities by 2020. These targets (which
were obviously missed) were aim at diversifying
Nigeria’s energy mix to reduce the age-long
dependence on natural gas with its attendant

environmental concerns.

Financing and Regulating Renewable Energy
Projects in Nigeria

Looking at the current electricity situation in
Nigeria, we can safely conclude that the demand
for electricity greatly outstrip the supply. We
have also noticed that to bridge this gap, the
country needs to develop its renewable energy
potentials. From the estimates given by the
Energy Commission of Nigeria, the current
demand gap can be estimated at 47.20GW which
is the difference between the estimated demand
for 2020 and current available supply from the

national grid. If we consider the RE potentials in
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Nigeria, we can see that the country is capable of
generating 93.95GW (93,950MW) in renewable
electricity which is more than enough to bridge
the supply gap. This can only be achieved under
an enable environment which can attract
investment (finance) supported by a welcoming
regulatory regime. Developing the RE resources
of the country will be of immense benefit to the
nation in terms of ensuring the security of its
energy supply and enhancing the wellbeing of the

nation’s environment.

Financing Renewable Energy Projects in
Nigeria

Energy projects generally demand high levels of
financing, which most promoters in Nigeria can
rarely cover on their own. RE projects are not left
out. The financing for RE projects like other
infrastructural projects, is closely connected to
the development of the financial sector.
Therefore, RE projects have very high start-up
costs relative to the expected monetary returns,
and lengthy payback periods. They therefore,

typically require long-term maturity loans.

The problem of financing RE project is twofold:
first, RE firms generally need long-term loans,
whose availability in turn is positively linked to
the development of the banking system. In
Nigeria, the banking sector is the major source of
external financing and access to bank credit is a
small- and

serious problem especially for

medium-sized companies. As a consequence, RE
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projects in Nigeria are at a particular
disadvantage. Second, RE firms have limited
access to financing because RE projects compete
against fossil fuel projects, which have a longer
track record, relatively lower up-front costs,
shorter lead times, and often favourable political
treatment.
Impediments to Financing Utility Scale
Renewable Energy Projects in Nigeria
Renewable energy projects would normally
require enormous financial resources and long
construction and pay back periods. Meeting the
financing needs of such projects in a country with
an undeveloped financial market is really a
daunting challenge. Though such projects have
low operational costs, the time they normally take
to repay their investments usually make them
unattractive to investors. Though the private
sector seems to be interested in the Nigerian
energy sector especially the RE subsector, there
are several of challenges that slow down the pace
of private investment in Nigeria’s electricity
sector. One of the greatest challenges facing
promoters of RE projects in Nigeria is the
difficulty of mobilizing the needed investible

funds for such projects from the financial

markets.

Another important barrier to renewable energy
financing has to do with the cost disadvantage
that renewable energy projects suffer in relation

to conventional energy projects. This arises due
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to the failure by stakeholders to account for the
implicit costs such as social and environmental
costs associated with conventional energy
projects. This failure reduces the competitiveness
of RE projects in the eyes of investors and other
stakeholders.

Closely related to the above is that RE projects
are relatively new in Nigeria. Stakeholders lack
requisite experience in funding or promoting
private sector utility scale renewable projects.
Though there are few utility scale private sector
RE projects such as the 2,600 MW hydro plant in
Mambilla (Mambilla project is still at the
engineering drawing stage), the 700 MW hydro
plants in Zungeru, the 300 MW expansion of the
hydro plant in Gurara, Dadin Kowa 34MW hydro
project and a few others, none of such projects
have become operational despite government
support for such projects. The lack of experience
and familiarity with RE projects among
stakeholders especially policy makers, financiers
and bankers add to the difficulties that RE
projects suffer in Nigeria, as occurs in many
developing countries in raising funds for RE
investment.

Other issues that makes it difficult for RE
investors to raise funds from the local capital
market has to do with the absence of venture
capital firms, the very low debt profile of the

market and the instability resulting from internal

conflicts.
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The successive devaluation of the Naira poses
serious currency risks to promoters of RE
projects. This happens due to many reasons. First,
with the devaluation of the Naira the cost of
imports of the machinery and spare parts has
increased astronomically. Tariffs may not readily
adjust. The country’s multiyear tariff order
(MYTO) allows only a gradual increase in tariff.
Additionally borrowing or raising funds from

abroad will put the project at risk.

The attractiveness of RE projects may be less
because the viability of such projects may be
affected by the willingness to pay for electricity
from RE sources by consumers of electricity in
Nigeria. Given the prevailing economic
difficulties being experienced in the country due
to low commodity prices especially oil (many
workers are unable to get their salaries on time
and the minimum wage is less than 20 dollars),
one may not hastily conclude that consumers
would be willing to pay a premium for green
electricity. Raising finance for RE projects will
therefore, be challenging due to issues associated
with willingness to pay by consumers.

Financing RE projects in Nigeria is also hindered
and  institutional

weak  regulatory

by
arrangements just like many other developing
countries. These breed unfavourable regulatory
and political climates which translate into a lack
investment

of sufficient supportive

policy
regimes. The absence of a credible and consistent

policy regime for RE investments is a major
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barrier to RE project investment in most

developing countries, Nigeria included.

Technical constraints in the industry also hinder
RE projects financing. Most developing countries
have a major infrastructure shortage that
potentially negatively impacts energy projects.
Poor or inadequate transmission and distribution
infrastructure in most developing countries
hinder additional generation capacity that could
materialize through new RE projects. For
example, Nigeria’s transmission and distribution
infrastructure cannot wheel and distribute power
beyond 5,000MW. Thus new investment that can
result from RE projects may not be readily
transmitted and distributed to the consumers
through the national grid. There is also a general
lack of human capital sufficiently skilled on RE
projects. In fact, sufficient knowledge and
capacity on RE projects is lacking among the
project stakeholders in many developing
countries including Nigeria.

Regulating Renewable Energy Projects in
Nigeria

Nigeria’s electricity sector is primarily regulated
by the provisions of the Electric Power Sector
Reform Act 2005 (EPSRA), which among other
responsibilities,  establishes the Nigerian
Electricity Regulatory Commission (NERC) as
the apex sector regulator and authorises it to make
regulations, and policies

rules, relating to

Nigeria’s electricity sector.
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Among other things, the EPSRA also establishes
the Rural Electrification Agency (REA) which is
charged with:

expanding the main grid;

developing isolated mini-grid systems; and
promoting renewable energy power generation.
The REA is also mandated to set up and
administer a Rural Electrification Fund (REF)
which is to promote, support and provide rural

electrification programmes to achieve more

equitable regional access to electricity.

In recent years, the focus on renewables has
become stronger and it is growing to become a
focus of the Federal Government of Nigeria
(FGN)’s electricity policy. This has resulted in
the introduction of policy and regulatory

instruments  geared towards  stimulating
investment in renewables and both NERC and the
REA have played key roles.

In 2015, the Federal Executive Council approved
the National Renewable Energy and Energy
Efficiency Policy (NREEEP) which is broadly
geared at removing barriers that put renewable
energy and energy efficiency at economic,
regulatory, or institutional disadvantages and
providing a conductive political environment that
will attract investments in the renewable energy

and energy efficiency arena.

Riding on this federal policy mandate, Nigerian
Bulk Electricity Trading Limited (NBET), the
government-owned utility which serves as a

central counterparty between generators and
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retail distributors, executed power purchase
agreements with 14 solar photovoltaic IPP
developers, demonstrating a drive to adopt
renewable energy sources as viable electricity
generating sources. However, implementation of
those projects appears to have stalled, with the
Federal Government seemingly choosing to focus

on promoting off-grid solar projects.

Also in 2015, NERC issued the Regulations on
Feed-In-Tariff for Renewable Energy Sourced
Electricity in Nigeria (REFIT). This applies to
energy generated and supplied through the
national grid and orders that NBET and
electricity distribution companies shall, as a
matter of priority, purchase 50 per cent of the
renewable energy electricity capacity limit

established by the regulations.

In line with the policy’s priority of diversifying
Nigeria’s on-grid energy mix, REFIT also
provides a special tariff framework for
renewables, in the form of feed-in-tariffs which
were designed to be attractive to private
investors. The feed-in-tariff must be approved by
the NERC and shall be fixed (subject to periodic
reviews). REFIT nevertheless has its limitations,
as it only applies to renewable projects with a
capacity of between one MW and 30 MW.

In 2017, the NERC issued the Mini-Grid
Regulations, which creates a framework for the

establishment and operation of mini-grids in
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Nigeria. Mini-grids are defined as ‘any electricity
supply system with its own power generation
capacity, supplying electricity to more than one
customer and which can operate in isolation from,
or be connected to a Distribution Licensee’s
network’,[3] generating up to one MW of
generation capacity.

A key objective of the Mini-Grid Regulations is
to accelerate electrification of unserved areas and
underserved areas. To this end, the NERC
prescribes a simplified process for the
establishment of certain kinds of mini-grids,
under which projects do not need to be licensed
but may simply register with NERC. To provide
financial relief to developers, there is also a
compensation mechanism for mini-grid projects
to cover the possibility of the national grid
eventually extending to cover the area(s) served

by the mini-grid

Renewable Energy Sector Regulators and Key
Counterparties

Below is the list of major regulators of the energy
sector who are responsible for implementing and
enforcing laws enacted by the government.
Enforcement involves the monitoring and
investigation of businesses within the sector for

compliance.

Nigerian Electricity Regulatory Commission

NERC is responsible for granting all licences and
approvals with respect to the entire electricity
value chain

(generation, distribution,
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transmission, trading, system operations,

metering, etc.).

Transmission Company of Nigeria (TCN)

The TCN is currently the only entity licensed for
transmission of electricity and consists of the
market operator, the system operator and the

transmission service provider.

Nigerian Bulk Electricity Trader (NBET)

Nigerian Bulk Electricity Trader (NBET) is
currently the sole holder of a bulk purchase and
resale licence in Nigeria. NBET enters into bulk
PPAs with generation companies and
independent power producers (IPPs) for the bulk
purchase of power, which is then resold to the
relevant Discos in Nigeria under a vesting

contract.

Nigerian Electricity Management Services
Agency (NEMSA)

The Nigerian Electricity Management Services
Agency (NEMSA) has responsibility for ensuring
the enforcement of technical standards in the
power sector and conducting inspections of
electricity projects

National Environmental Standards and
Regulations Enforcement Agency (NESREA)

NESREA is responsible for enforcing
compliance with environmental laws, guidelines,
policies and standards. Pursuant to the provisions

of the NESREA (Electrical/Electronics Sector)
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Regulations 2011, NESREA also issues permits
to entities involved in new or used electrical
electronic equipment manufacturing, processing,
recycling, and power generation, transmission or

distribution.

Impact

The Nigeria’s legal framework for the use and
development of renewable energy is incoherent
and inadequate to meet social, economic and
environmental development needs of the country.
The extant legal framework on renewable energy
is narrow in scope and not detailed. The Federal
Government must do more to overcome all the
challenges associated with the formulation of
coherent legal regime on renewable energy to
guarantee energy efficiency, security and
sustainability in Nigeria. The existing policies on
renewable energy are scattered in various policy
documents which are incoherent and narrow in

scopes.

3. FINANCING AND REGULATING
RENEWABLE ELECTRICITY PROJECTS
IN INDIA

India, a country in South Asia, is the second-most
populous country, the seventh-largest country by
land area, and the most populous democracy in
the world. In recent times, India’s energy sector
is experiencing a transition with increasing
penetration of renewable energy in the energy
mix. India's capacity to generate electrical power

is 373 gigawatts, of which 42 gigawatts is
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renewable. The country's usage of coal is a major
cause of greenhouse gas emissions by India but
its renewable energy is competing strongly. India
emits about 7% of global greenhouse gas
emissions. India is world's 3rd largest consumer
of electricity and world's 3rd largest renewable
energy producer with 38% (136 GW out of 373
GW) of total installed energy capacity in 2020
In 2021 Renewable
Energy Country Attractiveness Index (RECAI)
ranked India 3rd behind USA and China.

from renewable sources.

One of the major impediments in the process of
such a transition is to secure the necessary finance
to achieve the transformative goal of producing
175 gigawatts of renewables by 2022. The
problem gets compounded with limited
budgetary resources available, conjugated with
difficulties associated with mobilizing private
capital for the sector.

The genesis of renewable energy development in
India could be traced back to the global oil crisis
in late eighties. The Government of India has
been, since then, striving consistently to develop
renewable energy sector with a set of strategic
policy and regulatory measures. Given the
constitutional status of energy as a concurrent
item—entry 38 in the concurrent list—strategic
policy initiatives are framed from time to time
both by the federal government as well as
provincial governments to expand the renewable
energy sector.

However, the most recent policy thrust to transit

to a greener energy regime is manifested in the
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Government of India’s transformative energy
vision to produce 175 GW of renewable energy
by 2022. Solar power has been given a place of
pride in the renewable basket with the specific
policy pronouncement of the Jawaharlal Nehru
National Solar Mission (JNNSM). Similar
policy-level initiatives, such as provision of 24 X
7 power availability across the country by 2019,
are clear reflections of the thrust laid on
renewable energy. This emphasis also further
reiterated by India’s global climate pledges made
to UNFCCC

Determined Contributions (INDCs).

through Intended Nationally

Green Energy Finance in India
Renewable Energy Financing In India:
Incentives and Instruments

Renewable energy financing in India reveals
some interesting evolution and patterns. A variety
of incentives and instruments are present in the
Indian market to support renewable energy
financing. The present section attempts to briefly
highlight the most important incentive schemes
and instruments of renewable energy financing in
India. Historical analysis of the incentive
structures for the renewable energy could be
traced back to the year 1992 with the creation of
a separate Ministry at the center, rechristened
later as the Ministry of New and Renewable
Energy (MNRE) in 2006. Since the very
beginning, various incentives have been provided
from time to time to accelerate the growth of the

renewable energy sector in India.
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Given that technical contours of the renewable
energy sector are different from other economic
sectors, attempts have been made by the
Government of India long ago, in 1987, to create
a non-banking, dedicated financial institution,
called

Development Agency Limited (IREDA), as a

the Indian Renewable  Energy
Government of India enterprise to promote
renewable energy projects through financial
assistance. This institution works under the aegis
of the Ministry of New and Renewable Energy
(MNRE) of the Government of India and offers
financial support to renewable energy projects by
offering soft loans, counter guarantees,
securitization of future cash flows, etc.

Apart from the above, there exist a host of
banking and non-banking institutions offering
various financial services to accelerate renewable
energy growth in India. Apart from that, there
have been efforts made to create new institutions,
mechanisms, and instruments to drive renewable
energy development by providing alternative
funding avenues. This section briefly highlights
all of them.

National Clean Energy and Environment
Fund (NCEEF)

NCEEF is one such funding mechanism available
to support, inter alia, renewable energy financing
in India. The fund was created to support
entrepreneurial ventures and research in the clean
energy technologies by mobilizing funds through
a cess on coal of INR 400 per ton known as Clean

Environment Cess. The fund has been operational

ber 2021
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since 2011-12 and is primarily aimed at
mobilizing additional resources to support clean
energy development. Part of the fund gathered
from the NCEEF is utilized by IREDA to lend to
banks at a 2% rate so that this money can be lent
to various renewable energy projects at a
concessional rate of interest not exceeding a 5%
rate.

Recognition of Priority Sector Lending
Considering the importance of the sector and the
need for mobilizing capital by the private sector,
RBI has categorized the renewable energy sector
as a priority sector lending in April 2015. The
primary purpose of such categorization, inter alia,
enhance build basic

is to employability,

infrastructure, and strengthen the
competitiveness of the economy. The RBI
guidelines suggest that 40% of the net credit of
banks should be lent out to the priority sectors.
However, there is cap put on the bank loans for
renewable energy projects. The loan ceiling has
been kept at $2.3 million per borrower (INR 15
Crore) for renewable energy projects such as
solar power generators, biomass-based power
generators, wind mills, micro-hydel plants, and
for  non-conventional-energy-based  public
utilities viz. street lighting systems, and remote
village electrification.

Soft Loans from IREDA

IREDA extends loans to the renewable energy
project developers that bear low interest rates.
The funding is routed through various modes,

such as direct lending and lending through
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various financial intermediaries such as
providing various lines of credits to NBFCs, and
underwriting of debts etc. IREDA also uses the
NCEEF to provide subsidized debt at a 5% rate of
interest to renewable energy projects through
select banks. IREDA often sources funds from
international agencies and banks to provide such
loans for renewable energy projects.

Green Banks

Green banks have emerged as an innovative tool
for accelerating clean energy financing globally.
Such dedicated financial institutions are proved
to be a successful mechanism for leveraging the
limited public finance to mobilize the required
private capital into the sector. The first such effort
in India can be traced back to the Indian
Renewable Energy Development

(IREDA)’s plan in May 2016 to explore

Agency

becoming the first green bank in the country. This
idea was conceptualized with an understanding
that it would utilize limited public funds to
mobilize private funds in order to meet the
overarching clean energy goals of India.

Green Bonds
Green bonds are innovative market-based
financing instruments. They are fixed-income
financial instruments for raising funds for
projects that are environmentally beneficial in
nature. The risk holdings in the case of green
bonds are similar to those of other bonds. Green
bonds do have to also acquire the desired credit
rating to attract institutional financing.

Infrastructure Debt Fund

ber 2021
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This is again an innovative financing instrument
for renewable energy financing in India. These
funds can be created to accelerate and further the
long-term debt in infrastructure projects. The
current regulatory regime allows such funds to be
lent to PPP projects. Such funds have been floated
in the market by L & T IDF, Indiainfra debt, and
IDFC IDF. Infrastructure debt funds can start
investing in projects after one year of their
operation.

The challenges of financing renewable energy in
India are intricately associated with the structure
of the industry and investment character for the
industry, which are largely shaped by the
instrument types and sentiments of the investor.
Given the capital-intensive nature of the sector
and private sector led sectoral development,
attracting the required type and size of investment
continues to be a major roadblock for the sector.
Over the years an array of innovative financing
instruments and tools have been devised and
employed; however, mobilizing adequate finance
on cheap terms is very challenging. In particular,
labour and construction costs are significantly
lower in India and more importantly, recently
there has been a dramatic fall in the renewable
energy prices in particular prices of solar and
wind energies.

Green Energy Regulation in India

Electricity remains heavily regulated despite the
entry of private generators. A forest of policies
and regulations guide power development under

the EA, 2003 (amended in 2007); Hydro Power
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Development Policy, 2006 (amended in 2009);
Mega Power Policy, 2009; Rural Electrification
Policy, 2006; Tariff Policy, 2006 (amended in
2009 and revised in January 2016); and National
Electricity Policy, 2005. Further, the Central
Electricity Authority specifies construction and
safety standards for electricity installations and

supply, and provides technical advice on power

planning.
Electricity = regulators—Central  Electricity
Regulatory Commission and the State

Electricity Regulatory Commissions—specify

business regulations, which govern their

functioning and prescribe the procedures for
service  standards,

tariff  determination,

and the code for grid

management. Currently, Coal India Limited, a

grievance redress

government-owned company, is the largest
supplier, making the coal price administered
rather than a market price. Moreover, generation
tariff is regulated selectively for government-
owned companies and for the private generators
that do not enter via the competitive bidding
route. Similarly, transmission, distribution, and
retail supply tariffs are regulated to balance a
complex structure of cross-subsidy paid by
larger customers to partly subsidise supply to
small users and agriculture. With respect to
renewable energy the government regularly
come out with some initiatives to boost the

renewable energy subsector.
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Below are Some Initiatives by Government of
India to Boost India’s Renewable Energy
subsector

In April 2021, the Central Electricity Authority
(CEA) and CEEW’s Centre for Energy Finance
(CEEW-CEF) jointly launched the India
Renewables Dashboard that provides detailed
operational information on renewable energy
(RE) projects in India.

In April 2021, the Ministry of Power (MoP)
released the draft National Electricity Policy
(NEP) 2021 and has invited suggestions from all
stakeholders such as Central Public Sector
Undertakings, Solar Energy Corporation of India,
power transmission companies, financial
institutions like Reserve Bank of India, Indian
Renewable Energy Development Agency, HDFC
Bank, ICICI Bank, industrial, solar, and wind
associations, and state governments.

In March 2021, Haryana announced a scheme
with a 40% subsidy for a 3 KW plant in homes,
in accordance with the Ministry of New and
Renewable Energy's guidelines, to encourage
solar energy in the state. For solar systems of 4-
10 KW, a 20% subsidy would be available for
installation from specified companies.

In March 2021, India introduced Gram Ujala, an
ambitious programme to include the world's
cheapest LED bulbs in rural areas for Rs. 10 (US$
0.14), advancing its climate change policy and

bolstering its self-reliance credentials.
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To encourage domestic production, customs duty
on solar inverters has been increased from 5% to
20%, and on solar lanterns from 5% to 15%.

In November 2020, the government announced
production-linked incentive (PLI) scheme worth
Rs. 4,500 crore (US$ 610.23 million) for high-
efficiency solar PV modules manufacturing over
a five-year period.

In October 2020, the government announced a
plan to set up an inter-ministerial committee
under NITI Aayog to forefront research and study
on energy modelling. This, along with a steering
committee, will serve the India Energy Modelling
Forum (IEMF), which was jointly launched by
NITI Aayog and the United States Agency for
International Development (USAID).

India plans to add 30 GW of renewable energy
capacity along a desert on its western border such
as Gujarat and Rajasthan.

Delhi Government decided to shut down thermal
power plant in Rajghat and develop it into 5,000
KW solar park

The Government of India has announced plans to
implement a US$ 238 million National Mission
on advanced ultra-supercritical technologies for
cleaner coal utilisation.

Indian Railways is taking increased efforts
through sustained energy efficient measures and
maximum use of clean fuel to cut down emission

level by 33% by 2030.

While the main regulators of electrify namely,

Central Electricity Regulatory Commission and
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the State Electricity Regulatory Commissions
are busy with compliance issues the regulation
of renewable energy subsector is carried out
mainly through policy reviews and regular
initiatives, some of which are mentioned above.
The Nigeria’s regulatory framework for the use
and development of renewable energy appears
incoherent and centred around the main regulator
(NERC). As a result, the regulatory environment
seems inadequate to meet social, economic and
environmental development needs of the country.
While enacted laws are the bedrock of
development, changes in circumstances can
render a law inadequate under a new era.
Therefore, there is a need to have regular policy
reviews and pronouncements to aid the
development of RE resources in Nigeria in order

to guard against this, as it done in India.

4. RECOMMENDATIONS

To fast-track investment in Nigeria’s RE,
government needs to intensify efforts towards
creating a robust and functional financial services
sector that could channel investible funds to RE
projects. This needs to be supported by adequate
and practicable regulations aimed at achieving

this objective. This is not going be an easy task.

Finance
Creation of a functional market to assist in
mobilizing finance for RE projects is essential.

The important steps would involve the following:
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Creating a Ministry for Renewable Energy or an
independent Department

This Ministry or Department should be run by
professionals and technocrats

The ministry should focus on developing a
desired level of renewable energy that will
contribute to an acceptable level of energy mix

for Nigeria.

Encouragement of venture capital investment in
Nigeria as a way of easing the process of raising
funds for investors in RE projects.

Improving the legal and regulatory environment
could help in this regard.

Such encouragement can come from an
independent ministry or department.

Continuous reforms towards aiding ease of doing
business in Nigeria needs to be intensified to
support this

There is a need for Nigeria to strengthen its
institutions to support infrastructure investments
by the private sector

Legal and regulatory institutions in order to give
sufficient confidence to the investing public to
invest in Nigeria’s RE.

Normally investment in infrastructure projects
require complex contractual agreements that in
turn require strong institutions to implement.
Manpower shortage is evident and needs to be
reversed especially in areas related to RE
investment and project management

Massive investment is required to develop and

upgrade these infrastructures.
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Therefore, the private sector may need to be
incentivized to be able to make investment at

least in the distribution segment of the industry.

Regulation

There is the need for a legal regime that is
favorable to growth and sustainability. Strong
regulatory environment aids the development of
arobust infrastructure financing possibilities. The
enactment and execution of the new energy
policy should be done promptly. This can be
encouraged in the following ways:

e Need to look at the creation of an
independent government department
whose sole purpose is to promote the
development of renewable energy in
Nigeria.

This law should harmonise existing policies on
renewable energy that are currently scattered in
various policy documents among various
regulators and counterparties mentioned above.
This should address the issue of the current policy
regime which appears to be incoherent and
narrow in scopes.

e The government needs to embark on an
aggressive enlightenment of Nigerians
on the new energy policy and on the need
for large scale marketing campaign for
full acceptability of the energy policy by
Nigerians.

In India, we have noted the frequency of

government pronouncement and initiatives on

renewable energy.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

364

Over 10 pronouncements have been made this
year alone.

Nigeria could learn from India in this regard

The Federal Government should integrate
renewable energy into the energy system by
making use of renewable energy a matter of
national priority to meet electricity demands with
supplies.

This requires political will and unalloyed
commitment of the government for sustainability
of renewable energy systems in Nigeria.

We see a lot of this by both the federal and state

governments in India.

There is the need to initiate renewable energy
markets though legislation to jump start its
development

Profit oriented renewable energy in Nigeria
necessitates formation of energy markets for her
countryside populace energy consumption.

To develop such commercial market, there is a
need to intensify investments in renewable
energy growth in the country.

We also note that the Indian government’s
initiative to increase tariffs on imported solar
panels in order to encourage local production. By

so doing a market is being created.

There is the need for clear guidelines or
benchmarks for law makers on the best approach

to adopt for enactment of legal framework and
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formulation of stringent policies on renewable
energy utilization and developments

This should be with clear understanding of the
impacts and the benefits of renewable energy use
in achieving energy security, efficiency, and

sustainability in Nigeria.

5. CONCLUSION

This article has concentrated mainly of the
development of renewable energy sources in
Nigeria. This is with the belief that developing
renewable energy sources would move Nigeria
towards the achievement of optimum energy mix.
In Nigeria, several government initiatives are
quite visible in an attempt to develop renewable
energy subsector. But a lot more needs to be done.
In order to achieve this, it is pertinent for the
authorities to create an enabling environment for
this to be achieved. The policy environment must
be such that investors would be comfortable to
invest in renewable energy in Nigeria.
Inconsistency and lack of continuity in regulatory
and policy environment would be bad for
investors and financiers, both foreign and local.
Electricity projects, just like any infrastructural
projects are long term in nature as such projects
requires long gestation periods between
investment and dividend. With the right policies
in place Nigeria can enjoy positive social
impacts, including decreased energy bills for
low-income individuals, decreased dependency

on public utilities, an improved environment

from reduced pollution, and job creation.
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ABSTRACT

Nigeria is a country in the West Africa sub-region that has been characterized by the low availability of
electricity for both domestic and commercial end users for decades. This challenge emanates from the
generation, transmission, and distribution of electrical energy. The little power available was not properly
metered to the end users. However, the issue of metering is on the front burner of the government, which
issued a policy of prepaid energy metering. This study is aimed at investigating the effect of proper metering
on the economy of the end users as well as the energy availability and sustainability of the system. The
method adopted is the administration of questionnaires through Google form to about sixty consumers in
the Meiran area (at latitude 6°39°22" and longitude 3°15°48") in the Alimosho local government area of
Lagos. The result shows that 90% of the respondents attested that with the introduction of the prepaid
energy metering system, there is relief in their economy and improved service delivery from the energy
distribution company (disco). The paper concludes that the introduction of proper energy metering will
reduce wastage, which in turn will improve the availability and sustainability of energy for the general
populace. The study recommends that every consumer be properly metered, which will make the business
of energy providers a viable business.

Keywords: generation, transmission, distribution, energy, disco, consumer

only authorized company to supply electricity in

1. INTRODUCTION Nigeria. This company was owned by the Federal
The unavailability of power has been at the front Government of Nigeria, whose responsibilities
burner of discussions in Nigeria for many years were power generation, transmission, and
back. Oyedepo et al (2015) in their paper on distribution. This government-owned company
energy consumption at Covenant University, Ota was later renamed Power Holding Company of
made reference to Bordass et al (2001) who Nigeria (PHCN) under a private organization.

referred to the significance of energy availability

in the economic growth, social and political In 2018, the National Electricity Regulation

development of every nation. Before the Commission (NERC) made a policy that every
consumer must be metered, which gave rise to the

reformation of power policy, the National issue of prepaid metering systems in large

Electrical Power Authority (NEPA) had been the numbers under the policy of Meter Asset
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Providers (MAPs) (Olanrewaju and Suaanu-

Deckae, 2019).

Ikeja Electric Distribution Company (IKEDC), a
distribution company that oversees some Local
Government Areas (LGAs) in Lagos state,
includes Alimosho local government area where
Meiran is situated. With the introduction of
MAPs, some houses have been metered with
prepaid metering systems. This survey is aimed
at the consumer's feelings towards the program
and how it has affected the supply of electricity
from the disco. The prepaid metering system is a
smart technological solution to control bill
payment refusal, reduce electrical theft and
corruption (Debasish and David, 2020). This
metering system equally improves electricity
accessibility and the financial viability of electric
utilities (Debasish and David, 2020). Prepayment
meters have advantages which allow consumers
to budget for their energy consumption based on
the funds' availability, which could not be

possible under an

estimated billing system. In the long run, it helps
one to avoid debt. Makanjuola et al (2015)
investigated the problems emanating from using
prepaid meters in Nigeria, focusing on a case in
Badagry. According to a survey carried out on
200 consumers and some staff members of Eko
Electric Distribution Company, the results show
that the introduction of prepaid meter is a good

measure of ensuring customer satisfaction and
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equally ensuring prompt revenue collection by

the discos.

2. BACKGROUND OF THE STUDY

Energy distributions in Nigeria were not well
metered before the hike in population (Adetona,
2011) and indiscriminate building construction,
energy distribution was metered via analog
energy meter types. These types were susceptible
to manipulation by consumers via bypass
connection from the grid to the meters and to the
electricity utilities of the consumers. Before the
prepaid meter policy, there were indiscriminate

billing systems which did not reflect energy

utilization by a customer.

During one of the lead author's discussion
sessions with a consumer, he narrated his
experience with one of the distribution companies
that his line was disconnected from the pole,
which he refused to connect since he wasn’t
available at that time for period of about a year
and the distribution company continued to bill his
apartment. A marketer was to sit in the office and
project the energy consumption by consumers
where supply is unavailable. Another resident
narrated his ordeal, saying that the faulty
transformer feeding that area had not served them
for more than six months. The marketer
continued billing them for the first two months
until uproar emerged in the community before the
billing stopped. Most often than not, this billing

are mostly based on projections given by the

company to the marketer.
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3. METHODOLOGY

The survey was carried out in the Meiran area of
Alimosho LGA of Lagos state. The questionnaire
was done on Google form and sent through
groups and individuals' whatsapp platforms to
receive feedback on the questions raised in the
questionnaire. There are 15 questions raised,
which include: the profile of the respondent like
age, the house or apartment type, types of bills
used before the arrival of prepaid meters, and
average monthly consumption, among others.
residents were also contacted for

Various

unstructured interviews in addition to the
structured questionnaires that were initially
administered through Google form. These
respondents were not on prepaid meters, but on
post-paid or estimated billing systems. A
personal communication was established with
one of the staff of Ikeja Electric Distribution
Company (IKEDC). The responses from the
questionnaire were analyzed by using simple
statistics and

descriptive of frequency

percentages.

4. RESULTS AND DISCUSSION

The outcomes of the study are presented in
simple descriptive statistics of frequency and
percentages presented on tables. A total of sixty
correspondents were administered a
questionnaire via Google form. There were other
forms of discussions/interviews conducted with

other respondents to give validity to the obtained
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results through the administration of the

questionnaire.

From Table 1, the following results and
discussion emanated.
Gender: The gender distribution of the

respondents is 40 males and 20 females. These
are not necessarily house owners, since Ikeja
Electric Distribution Company (IKEDC) allowed
tenants to apply when landowners could not

provide the needed documents for registration.

Age bracket - All the respondents are adults,
which imply that they understand the contents of
the questionnaires as they are affected. Hence,
they would have gotten experience on the issue of

energy meters in Nigeria.

Type of Apartment - According to this result,
those living in 3-bedroom flats are the most
respondents, while those living in duplexes have
the fewest number of people. Those in the 3-
bedroom apartment are middle class earners,
who would have experienced the issue of

indiscriminate billing most of the time.

Nigerian FElectricity Regulatory Commission
(NERC) policy on metering in Nigeria- Every
one of the respondents welcomed the idea of
proper metering, saying it was a relief for them.
This will allow for proper monitoring of energy
consumption. This was equally discussed by

Makanjuola et al (2015) when he alluded to the
(NSE) November 2021
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fact that this would allow for proper budgeting for

energy usage.

What type of billing system does the Disco use
for you before the policy? More than 75% of the
respondents talked about estimated billing, which
cannot be predicted, and most of the postpaid
were not read to pick the right answer. The same

process was applied most of the time.

Most of the time, with post-paid meters, the
marketer claimed that he did not have access
to the meter, so an estimated bill was

presented. (RVI, male, 45, resident of Meiran).

When have you started using a prepaid meter? -
The respondents started using the prepaid meter

at least 2 years ago. The distribution of these

respondents stating they have used the meter
more than 3 years ago. This was corroborated by
a staff which said it was only a million meters that
were released to Discos (A staff of Ikeja Electric,

2021)

Your average monthly energy consumption - Half
of the respondents stated that the average
monthly consumption is between 100 and 200
kWh, and only about 17% used more than 400
kWh. The following is the response of one of the

interviewees:

Before now, I had an estimated bill of 200-
250kWh per month and, with the same apartment
and electrical facilities, the highest consumption
of electricity recorded with the prepaid billing
system was 110kWh. (RVI, male, 48, a resident

meters is gradual, with only 25% of the of Meiran).
Table 1: Elements of questionnaires and responses
Questions Elements Frequency Percentage (%)
Gender Male 40 66.67
Female 20 33.33
Age bracket 18-30 15 25
31-40 15 25
41-50 15 25
50 and above 15 25
Type of Apartment 2 bedroom flat 10 16.67
3 bedroom flat 30 50
Duplex 5 8.33
Bungalow 0 0
Others 15 25
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Do you welcome the Nigerian Yes 60 100
Electricity Regulatory Commission No 0 0
(NERC) policy of metering every
electric energy consumer in
Nigeria? No really 0 0
Type of billing system does the Post paid metering 15 25
Disco use for you before the policy? billing
Estimated billing 45 75
Since when have you started using 2 years 45 75
prepaid meter? 3years
Above 3 years 15 25
What is your average monthly 100 -200kWh 30 50
energy consumption? 201-300kWh 20 33.33
301-400kWh
Above 400kWh 10 16.67
Do you prefer the prepared billing Yes 60 100
to other type of billing?
No 0 0
Does this help you in energy Yes 50 (83.33%) 50 (83.33%)
conservation?
No 10 (16.67%) 10 (16.67%)
Does this help you on energy Yes 55 (91.67%) 55 (91.67%)
economy?
No 5 8.33%
With prepared meter, how is energy Better 40 (66.67%) 40 (66.67%)
supply from Discos? Worse 0 0
No difference 20 (33.33%) 20 (33.33%)
In your opinion, do you think there Yes 45 (75%) 45 (75%)
is energy wastage in Nigeria?
No 15 (25%) 15 (25%)
Does prepaid metering system of Yes 55 (91.67%) 55 (91.67%)
energy will reduce the wastage? No 0 0
Not really 5 8.33%
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Does this type of metering system Yes

improve the services of Discos? No
Not really
What is your attitude to energy Careful
consumption now? Carefree
Conservative

35 (58.33%) 35 (58.33%)
0 0
25 (41.67%) 25 (41.67%)

50 (83.33%) 83.33%)
5 8.33%
5 8.33%

Do you prefer the prepared bill to other types of
billing? - Every one of the respondents prefers a
prepaid billing system. This may be as a result of
their preference for using as they pay, which
excludes extra financial burden that may arise

through power disconnection and reconnection.

Does this help you with energy conservation? -
More than 83% of the respondents attested to the
fact that this system assists in energy
conservation and avoidance of energy wastage,
which was equally corroborated by Miyogo et al.
(2013) where it was stated that respondents in
Kenya confirmed that the prepaid billing system
made them careful in their

has energy

consumption.

Does this help you with the energy economy? -
There is an energy economy as a result of
conservation. About 90% of the respondents
attested to this, which will bring about financial
benefit to the energy users as they conserve and

avoid wastage.

How is the energy supply from Discos? - There

are more than 60% of respondents who attest that
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there is improved energy supply with the prepaid
metering system. It was only 33% of the
respondents that could not differentiate between
the two services. The supply must be improved to
achieve the needed revenue collection from the

consumers.

Is there energy wastage in Nigeria? - On energy
wastage in Nigeria, 75% of the respondents
confirmed this, while only 25% declined. This
wastage can be curbed with this prepaid metering
system, which means no payment is made, no
energy is supplied, and there would not be an
issue of energy utilization without paying. This
will reduce the amount owed by consumers,

potentially forcing the Discos into bankruptcy.

Does the prepaid metering system for energy
reduce waste?

In the same vein, 92% of respondents opined that
the prepaid metering system would reduce
wastage. This was equally attested to by
Makanjuola et al (2015) that power is only

consumed whenever it is needed.

ber 2021
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Does this type of metering system improve the
services of Discos? - More than 58% of
respondents said the Disco's services had
improved, while 42% said there had been no
change. The services must improve since they can
only generate funds from supply because the era
of unwarranted billing of disconnections and
reconnections fees is not obtainable under the

prepaid system.

What is your attitude to energy consumption
now? - With the prepaid metering system, the
attitude of the users has changed. This could be
seen from the attestation of about 83% of
respondents who are careful in their
consumption, while 8% are either carefree or
conservative. With this, there would be
availability of energy to be distributed to other
users who are mostly in need of it, for example,

the manufacturing sub sector of the economy.

5. CONCLUSION AND
RECOMMENDATION

The following can be concluded from the study:

e The introduction of prepaid metering
systems is a welcome development in
the energy sector for consumers;

e This has reduced the financial burden
that used to emanate from the estimated
billing system.

e It aids in energy conservation and

utilization efficiency.

e This helps in the elimination or
reduction of energy wastage, thereby
improving the services of the discos.

e With this, energy sustainability is
ensured.

e [t is recommended that each consumer

should be metered appropriately.
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ABSTRACT

Wood is a product of felled trees from the forest. Fuel-wood is the most patronized source of energy in the
rural areas in Nigeria for domestic cooking. Statistics show that many of the trees felled from the forests in
Nigeria were used as fuel-wood and coal in the rural areas. Wood is also the immediate source of energy
after the sun to the farmers, as wood and other crop residues are readily available as fuel for on-farm
processing of crops such as rice, oil-palm, cassava, among others. This paper examines Nigeria’s fast
disappearing forests as an impending environmental and energy crises. Deforestation has been identified
as a major threat to both environmental and energy crisis in Nigeria. The impending environmental and
energy crisis in Nigeria are such that there is the continuous removal of forest trees either by bush burning
or indiscriminate felling without replacing them. Moreover, the rate of deforestation should be drastically
reduced to the barest minimum because of its adverse effect on the climate, environment and economic
usefulness of forest trees. The paper discusses the status of forestry and environmental crisis in Nigeria. It
highlights major benefits of forests to the environmental and economic development of Nigeria. Some effects
of deforestation on the environment such as encouragement of soil erosion, loss of useful organic matter,
reduction in the amount of rainfall in the area concerned, among others were discussed. It also identifies
some causes of deforestation in Nigeria to include unfavourable climatic factors, farming activities,
mining/industrialization, natural disasters, timber exploration, among others. The paper further suggested
management practices for saving Nigerian forestry from both environmental and energy crisis to include
proper forest regulations, selective exploration, discouragement of deforestation, regeneration,
afforestation and taunya farming.

Keywords: Forest, Environmental, Energy, Farming, Trees, Farmers

1. INTRODUCTION ranks among the countries of the world with
Nigeria is naturally endowed with vast expanse of abundant forest resources (Ogundele et al,
forest land, the swamp forests in the extreme 2016). Mfon et al., (2014) stated that forests in
Southern part of the country, the tropical Nigeria occupied about 110,890km’ , that is,
rainforest in the South-Western axis and the forests is about 12.18% of vegetation cover of the
wooded savannah in the Middle belt. Nigeria country. The world as a whole is blessed with
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wide expenses of forestland. These forest areas
provide the means of livelihood for nearly
500million forest dwellers and nearby residents
or settlers who depend directly on food, fibre,
folder, fuel and other resources taken from the

forest (World Bank, 1991).

The forest according to Food and Agricultural
Organization is “any vegetal formation with a
minimum of 10percent crown cover of trees
(minimum height of S5metres) or bamboos,
generally associated with wild flora, fauna and
natural soil conditions, and not subject to
agricultural practices” (FAO, 1991). Going by
this definition, forests are predominantly trees
and woody vegetation growing more or less
closely together. The forest protects and regulates
water resources, protects against soil erosion,
serves as carbon sequestration, stores and cycles
nutrients, breaks down and absorbs pollution and
performs other functions such as stabilising the
climate, among others. Besides the production of
biological resources, one other function of the
forest is its significant role in the sustainability of
our environment (Okekunle, 2002).

Most Nigerians have always depended on the
forest for their survival, economic development
as well as environmental amelioration. The level
of community nutrition is sometimes linked to
fuel wood availability and cost while others
depended directly on forest for their livelihood,
among them are high numbers of forest and wood
workers (Aliyu et al., 2014). This is apart from

contributing substantially to the Gross Domestic
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Product (GDP). In spite of its importance, the
natural forest has continued to deplete rapidly in
the world especially in Africa continent and

particularly in Nigeria (Ogundele et al., 2016).

Deforestation all over the globe is threatening the
sustainability of the environment but has had bad
effects in Nigeria due to their high rates.
Deforestation puts at risk all aspects of the
environment, the economy and the citizens of the
country (FORMECU, 1996). In Nigeria, the
scenario is not different, as regional breakdown
of deforestation from 1979 to 1995 shows that
total forest declined by 48% in the North Central,
7% in the North East, 60% in the North West,
53% in the South East, 13% in the South-South
and 12% in the South-West (FORMECU,1996).
In the year 2000, the forest cover was estimated
at 13.5million hectares compared to 17.5 million
hectares in 1990 (FAO, 2001) indicating a forest
cover loss of close to four hundred thousand
hectares per annum with a decline of about 2.6%.
Forest/woodlands now stand at only 13% of the

total land area (FAO, 2001).

Sadly, however, the Nigerian Government is yet
to take appreciable measures towards halting the
decline in our environmental quality
(Mohammed et al., 1996). To this end, Nigerian
forests have been left to the fate of taking care of
themselves, a responsibility they cannot shoulder
while under the onslaught of logging (Okekunle,
2002). Consequently, all the forest reserves and

natural forests are fast disappearing with the
(NSE) November 2021
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attendant problem that comes with it. The
impending environmental and energy crisis in
Nigeria is so visible that the populace can almost
feel the impact as majority of the trees felled from
the forests especially in the rural areas are used as
fuel wood and coal. This has further put lot of
pressures on available natural forests and forest
reserves in Nigeria since majority of the farmers
who cuts these forests in Nigeria live in the rural
areas. In addition, fuel wood and coal has being
the most patronized source of energy in these
rural areas for their day to day domestic activities
and on-farm processing of crops such as rice, oil-
palm, This

cassava, among others.

paper
therefore examines the causes of Nigeria’s fast
disappearing forests that have resulted to an
impending environmental degradation and
energy crises. To achieve this objective, the paper
discusses the status of the forestry and its
attendant impact on environmental growth of
Nigeria. It highlights major benefits of forests to
the environmental and economic development of
Nigeria. It identifies some effects of deforestation
on the environment as well as some causes of
deforestation in Nigeria. The paper further

suggested management practices for saving

Nigerian forestry from both environmental and

energy crises.

2. STATUS OF THE FORESTRY AND
ENVIRONMENTAL CRISIS IN NIGERIA

Forest constitutes the greatest celebration of
nature to appear on the face of the planet since the
first flickering of life (Myers, 1985). They are
exceptionally complex ecologically, and they are
remarkably rich biotically. According to the Food
and Agriculture Organization (FAO, 1991), about
one-third of the world’s land area is forested.
With respect to the Nigerian environment, the
total forest area of all types in the country was
estimated at about 360,000 km* which is about
one — third of the country’s total land area of
983,213 km?® Out of these areas, savannah is
about 773,789km’> whereas 133,717km* s
rainforest (Nigeria Yearbook, 1975). Generally,
forests are found as a climatic climax in the
Southern part of the country which then changes
to savannah woodland and ultimately grassland
as we move northward. Nigerian forests are
grouped into three different formations namely:
mangrove forest, fresh water swamp forest and

lowland rainforest as shown in Table 1.

Table 1: Area of Vegetation Types in Nigeria

Vegetal Type Area (Km®) Percentage of total land area
Mangrove/Coastal Forest 12,782 1.3
Fresh Water Swamp Forest 25,563 2.6
Lowland Rain Forest 25,372 9.7
Derived Savannah 75,707 7.7
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Guinea Savannah 400,168
Sudan Savannah 342,158
Sahel Savannah 31,463

40.7
34.8
3.2

Source: Egboh (1990): Forestry Policy in Nigeria, University of Nigeria Press

According to Mortimore (1989), drought
incidence is on the increase everywhere in the
country as aridity is intensifying in areas north
of latitude 11°N. Former fixed dunes are being
mobilised; agricultural lands are becoming less
productive as desertification spreads its wings;
fadama lands are drying out; gully erosion is
defying solution; floods are becoming more
frequent and more devastating. Waters and land

in crude oil producing areas are becoming more

increasingly polluted by oil spills; the
continuous flaring of gas and bush burning add
to the problem of greenhouse gases in our
immediate atmosphere, while our industrialists
continue to discharge poisonous gases, toxic
solids and dangerous effluents into our air, land
watercourses.

Akinsanmi (1999) stated that Nigerian
environmental problems vary depending on the
region and geographical location. While the
arid North’s environmental problems include
desertification, shortage of water, dust and sand
dunes encroachment; the environmental
problems in the South include deforestation,
coastal erosion, urban sanitary problems and oil
pollution. Whereas water and air pollution are
mainly featured in industrial and urban areas,

land degradation and soil erosion are common

problems in many states of Nigeria. A World
Bank Environmental Report in 1990 identified
the principal environmental problems facing
Nigeria and which requires immediate attention
to include land degradation, vegetation and
forest degradation as well as air and water

contamination.

3. MAJOR BENEFITS OF THE FOREST
TO THE ENVIRONMENTAL AND
ECONOMIC DEVELOPMENT OF
NIGERIA
Forest is very important for several reasons. It
is very necessary for government to encourage
the planting of trees because of its usefulness in
the following ways:

i.Provision of food: Forest including savannah
provides food such as fruits, bush meat,

vegetables, among others.

ii.Provision of fuel: Dead forest wood serves as

firewood or source of fuel used for cooking and

other purposes.

iii.Provision of medicinal herbs: The forest also

provides medicinal herbs used by local healers

and pharmaceutical industries.

iv.Provision of employment and income: Forest

provide employment to some people, for
example, forest guards and those involved in
lumbering activities. It also provide source of

income to the rural people.
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v. Forest serves as wind-breaks: Forest,
especially in the Northern part of Nigeria,
serves as wind-break, thereby reducing the
speed of wind and controlling wind erosion.

vi.Formation of rain: Forest, because of their cool
environment, help in the condensation of water
vapour, resulting in the formation of rain.

vii.Prevention of soil erosion: Forest helps to
absorb water splash on the soil and also due to
vegetative cover, soil erosion is prevented. It
also checks desertification and control floods.

viii.Addition of nutrients to the soil: Forest adds
nutrients or improves the fertility of the soil
through the decay of fallen leaves.

ix.Home of wild animals: Forest serves as the
home of all wild animals like lion, tiger,
antelope, rabbit, snakes, among others.

x.Forest serves as tourist centres: Forest, because
of its beautiful scenery serve as tourist centre.

xi.Provision of foreign exchange: Forest serves as
a source of revenue to the government. It also
provides foreign exchange earnings for the
country through the export of timber and its
bye-products.
xii.Provision of timber: Forest provides timber for
construction works like furniture, canoes and
other domestic and industrial constructions.
xiii.Provision of pulp: Forest provides pulp used for
tissue and paper making
xiv. Beautification of the environment: Forest trees
planted around homes, industries and offices
help to beautify the environment.
xv.Reduction of atmospheric pollution: Forest

help in the purification of the air by removing

carbon dioxide and adding oxygen to the
atmosphere during photosynthesis.
xvi.Source of raw materials: Forest provides raw
materials such as gum, latex, resins, ropes,
dyes, fibres, rubber, palm-produce, oil seeds for
both domestic and industrial purposes.
xvii.Research/educational purpose: Forest provides

avenues to carry out Research/educational

purposes.
4. SOME EFFECTS OF
DEFORESTATION ON THE
ENVIRONMENT

Deforestation has some negative effects on the
environment and these include:
i.Deforestation encourages and also increases
soil erosion.
ii. It leads to loss of organic matter, resulting in
the loss of soil fertility.
iii.It reduces the amount of rainfall in the area. It
can causes destruction of watershed.
iv. It decreases soil moisture retention.
v.It decreases the leaching of plant nutrients.
vi.It destroys the micro-climate and warns up the
environment.
vii.It also reduces the forest fauna (wild life)
population in the area concerned.
viii.It may lead to desert encroachment as sand
particles are more likely to drop in areas
without trees.
ix. It depletes the supply of forest produce (raw

materials) to industries like timber.
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5. SOME CAUSES OF DEFORESTATION
IN NIGERIA
Distinguishing between the agents of
deforestation and its causes is very important in
order to understand the major determinants of
deforestation (Chakravarty et al., 2012). The
agents of deforestation are those slash and burn
farmers, ranchers, loggers, firewood collectors,
infrastructure developers and others who are
cutting down the forest. Causes of deforestation
are the forces that motivate the agents to clear
the forests (Chakravarty et al., 2012).

1.Similarly, Pearce and Brown (1994) identified
two main forces that affect deforestation such
as Competition between humans and other
species for the remaining ecological niches on
land and in coastal regions. This factor is
substantially demonstrated by the conversion
of forest land to other uses such as agriculture,
infrastructure, urban development, industry and
others.

ii.Failure in the working of the economic systems
to reflect the true value of the environment.
Basically, many of the functions of tropical
forest are not marketed and as such are ignored
in decision making. Additionally, decisions to
convert tropical forests are themselves
encouraged by fiscal and other incentives. This
latter factor has been termed indirect cause of
deforestation but remained by far the most
important.
Though the forests contribute substantially to
the Gross Domestic Product (GDP), but the

policies to regulate human interference with the

forests contribute substantially to the GDP. The
policies to regulate human interference with the
forests so as to safeguard against depletion of
this important resource have not been seriously
pursued. This therefore reflects a government
fiscal policies working at cross purposes with
the value of the forest resources. In addition,
most incentives which the government is
expected to provide for the people to serve as
alternative to forest resources are not provided,
for example, the high cost of fossil fuels has
forced people to utilize firewood and charcoal
as alternative energy, high rate of
unemployment has made people to turn to
forest for means of survival and therefore has
resulted to serious forest depletion.
Furthermore, defective forest policies of the
government greatly encourage deforestation,
for instance most laudable policies like
afforestation programmes, rainforest
management (such as enrichment planting,
taungya system, among others), creation of
forest reserves, in—situ conservation processes
among others are underfunded and neglected.
The resultant effect of this is further

deforestation.

Notwithstanding of the above scenarios, the
following factors have been attributed to
contribute substantially to deforestation in
Nigeria:

i.Unfavourable climatic factors: Persistent and

prolonged drought can lead to death of forest

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021




E. O. Atanda’., S.N. Onuoha'., M.A.Obomeghie’ and S.N.Achekuogene’
Nigeria’s Fast Disappearing Forests As An Impending Environmental And Energy Crisis: A Review

species. Also, wind blasts can destroy
vegetation on its path.

ii.Farming activities: Man’s farming activities
can cause forest destruction through the use of
forest land for crop production or grazing
livestock, practising of bush fallowing or
shifting cultivation which progressively leads
to deforestation because the short fallow
periods do not allow for sufficient forest
regeneration.

iii. Timber exploitation: The practice of selective
elimination of certain tree species in a natural
forest causes deforestation. Also, the
exploitation of timber for furniture, export,
among others can cause deforestation.

iv.Mining/Industrialization: Forest trees are

destroyed when the land is cleared for

excavation for mining minerals. Also,
petroleum exploration and sitting of industries
involves clearing of forest.

v.Natural Disasters: Fire is the most serious
problem to which forest are exposed, especially
during the dry season. Bush burning is caused
by fire used by farmers. Such fire may extend
to the forest, thereby destroying tree species.
Other natural disasters which can cause
deforestation include landslide, earthquakes,
volcanic eruptions and prolonged flooding.

vi.Timber exploitation: Government

inadvertently introduces policies that can
encourage felling of fuel woods and timber

exploitation.
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6. SUGESTED MANAGEMENT
PRACTICES FOR SAVING NIGERIA
FOREST FROM BOTH
ENVIRONMENTAL AND ENERGY
CRISIS

In order to ensure the continuous supply of
timber from the forest and to save Nigeria
forest from both environmental and energy
crisis, the following suggested management
practices are further suggested for adoption:

1. Forest Regulations: These are laws
promulgated by government in form of edicts,
decrees and bye-laws to prevent people from
exploiting or indiscriminate tapping of forest
resources. These regulations, therefore, ensure
the prevention of forest resources. Forest
regulation in Nigeria include the prohibition of
bush burning; ban on indiscriminate cutting of
timber trees; encouraging people to plant trees;
ban on collection of leaves and firewood from
the forests; ban on farming in forest reserves;
ban on the cutting down of under-aged trees,
among others. In addition, interested farmers or
lumbers are expected to obtain license from
regulating government ministry so as to secure
permission to enable them cut down trees for
human needs. The felling quantity should be
based on the number of forest stands which
must be determined before felling.

2. Selective  Exploration: ~ Selective
exploration is the process of cutting only
mature trees in a forest. It is a way of
concentrating certain selected species of timber

in a forest reserve. The system allows for the
(NSE) November 2021
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cutting of older trees while the younger ones

remain as cover to the surface of the forest.

Some advantages of selective exploration

include:

1.It ensures the concentration of selected species
of timber in a forest.
ii.It protects the soil from erosion.
iii. It ensures the continuous supply of timber.
iv.It serves as a revenue base for the government.
v.It prevents indiscriminate felling of timber by
giving licenses to saw millers by state forestry
department of the ministries of agriculture and
natural resources.
vi.It also prevents illegal felling of trees and
farming by using forest guards to police the
forest.
vii.Undesirable species of timbers are eliminated
by this method.

3. Discouragement of deforestation:
Deforestation is the continuous removal of
forest stands (trees) either by bush burning of
indiscriminate felling without replacing them.
Economic trees such as iroko, obeche, omo,
mahogany, among others are cut down so that
they can be used for various purposes such as
furniture like tables, chairs, doors, among
others. Uncontrolled deforestation should be
discouraged and if possible reduced to the
barest minimum because of its adverse effects
on both on the climate and the environment.

4. Regeneration: Regeneration is the
process of forest re-growth after it has been

exploited. It is a deliberate government policy
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in the restoration of deforested area after
exploitation to balance the ecosystem. There
are two main types of regeneration and these
include natural regeneration and artificial
regeneration. In natural regeneration, there is
re-growth of new plants from old stumps.
Under favourable environment, there exists the
growth and development of new trees or
volunteer trees from old stumps. The artificial
regeneration on the other hand involves the
natural planting of new forest seedlings in a
deforested area. In the words, forest trees are
established deliberately in a plantation. Some
advantages of natural regeneration include: it is
less expensive when compare with artificial
regeneration; it does not require formal stages
in plantation establishment; it brings about the
stabilization of natural ecosystem in the area of
its establishment; it does not require special

management skills, etc.

5. Afforestation: Afforestation is the
process of establishing forest plantations in any
area. It involves the complete removal of
natural vegetation before planting new forest
species. In Nigeria, it is popularly referred to as
tree planting campaign in which two seedlings
of trees are recommended to be planted to
replace any one plant harvested. Early stages of
afforestation may include taungya farming
(which is the planting of trees and crops on the
same piece of land) to maximise the use of land
and protect seedlings. Afforestation has many

advantages as it leads to addition of organic
(NSE) November 2021
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matter resulting in an increase in soil fertility;
it provides a regular supply of raw material
such as timber for industries; it prevents desert
encroachment; it increases the forest fauna
(wild life) in the area concerned; it builds-up
the micro-climate and cools wup the
environment; it prevents the leaching of plant
nutrient, among others.
6. Taungya farming: Taungya farming
involves the planting of both food crops and
forest trees on the same piece of land. In other
words, it is a system which involves the
integration of agriculture with forestry. Some
conditions that may favour the practice of
taungya farming include:

1.Scarcity of land: Taungya farming can easily be
practised where land is scarce.

ii.Over-population: Land becomes scarce where
there is over — population which can lead to the
practice of the system.

iii.Unemployment: Mass underemployment or
unemployment does lead people to practise
taungya farming.

iv. Government policies: Government can put in
place policies which will make people practise
taungya system.

v.Low standard of living: This factor does force
people to resort to the practice of taungya
system as a means of alternative way of
increasing their standard of living.

vi.Granting of incentive: Incentives such as loans
to farmers can help them to take part in

additional farming.

7. CONCLUSION

Deforestation in Nigeria has been mainly
attributed to the rural farmers and grassroots
poor people whose means of survival were
basically embedded in the forests but on the
other hand are been denied access to available
forest resources. Other agents of forests
depletion are mainly developmental projects
oriented found in the Nigerian economic
sectors like agriculture, oil and gas, transport,
mining and materials, amongst others that
contributed to technological growth. Persistent
deforestation is further compounded by the fact
that the majority of the Nigerian populace
lacked  in-depth  knowledge of the
consequences of deforestation. Ways of
reducing deforestation must therefore go hand
in hand with improving the welfare and
environmental knowledge of the rural farmers
and the populace otherwise they would fail.
Urgent mitigating measures and strategies
would remain elusive since these will vary
from region to region and will change over
time. Effective implementation is very essential
including stakeholders participation,
development of management plans, monitoring
and enforcement of the suggested management
practices for saving Nigerian forests from both
environmental and energy crisis. The
stakeholders should recognize the critical roles
of government at the three levels of
administration and also empower the civil

society and the private sector to take proactive
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role in reducing deforestation by working in

conjunction with government.
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ABSTRACT

Energy mix is needed for optimal performance of industries, strategic management of engineering
resources and enhanced opportunities in energy sector. This paper identified criteria for excellent
engineering practice through energy-mix implementation strategies and sustainable policies. Challenges
confronting excellent implementation of proper energy mix were highlighted. Salient points and way
forward were carefully checked and relevant discussions were made. Findings revealed that there are
issues traceable to inadequate energy mix that culminates into under supply of energy, lack of capacity for
expansion, deficit of sustainable policy regarding energy-mix and lack of circular economy and inadequate
quality assurance. Nigeria as a nation need to key into global activities, and this places a premium of
emphasis on energy efficiency. It was concluded that infrastructural development in power, transportation
and energy sector require a solid foundation in energy mix for viable investment and the combination of
adequate proportion of various sources of energy should be encouraged to prevent environmental pollution
and energy deficit in Nigeria. Hence, there is need to strive for excellence engineering in practice through
strategic energy-mix implementation, job creation, effective energy management, improvement of energy
security, capacity building and sustainable policy. Regulatory bodies, engineering family, stakeholders,
educators, investors and every tier of government have a special role to play in the formulation of the
sustainable policy being sought for energy-mix implementation.

Keywords: Sustainable Policy, Energy Mix, Implementation, Engineering Practice, Strategic Management
Affordable and Clean Energy is one of the

1. INTRODUCTION sustainable development goals that require
Striving for excellence engineering practice is urgent and strategic energy mix intervention for
critical  requirement for  energy  mix its realization. Most construction and
implementation strategies and sustainable manufacturing industries in Nigeria have been
policy. The realization of the need to objectively affected due to inadequate power supply and lack
tackle the prevalent, persistent and multi-faceted of adequate attention to energy mix. There is
problems of energy resulted in the introduction great need to strive for excellence engineering
of energy mix for excellence delivery, optimal practice through energy mix implementation
power generation and productivity in residential strategies and sustainable policy.

and industrial areas in Nigeria. Engineers must continue to fulfill obligations to

clients, ensure business viability and strive for
Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

386


mailto:oyebodedare@yahoo.com

Oluwadare Joshua Oyebode
Striving For Excellence Engineering Practice Through Energy Mix Implementation Strategies And Sustainable Policy

excellence and robustness in the application of
engineering principles. In addition, by adopting
a sustainable development perspective, they
must extend their role to ensuring that the real
needs of all present end users are met, as well as
recognizing impacts (and the opportunity for
mitigation and benefit) on both the natural

environment and future generations.

2. LITERATURE REVIEW

The destruction of the ecosystem, due to the
strong emission of greenhouse gas into the
atmosphere by humans has led to significant
damage to wildlife, human health, and flora
(Nematchoua et al, 2020).

Engineers must adopt a transparency in their
business practices and a willingness to accept
that by-products of construction activities may
affect the well-being of people or damage the
environment. Recent trends have seen
increasingly tight environmental constraints
being imposed on engineering activity. Indeed,
the ability to mitigate environmental impacts
successfully has been seen in the minds of many
engineers as evidence that sustainability is being
addressed and achieved. The areas of social
equity, equal rights for development, democracy,
public participation and empowerment are
included in this aspect of the framework. Justice
through participation calls for broad involvement
a willingness to share

and, through this,
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knowledge and achieve mutual learning (Fenner
et al., 2006).

Energy transition follows when an economy
changes from one significant source of energy to
another. Past transitions largely occurred at
national and sometimes regional level.
Conversely, because of globalization, the present
energy transition will likely encompass many
regions of the globe (Stevens, 2019).

Cost and time overruns have become a
cankerworm within the Nigerian construction
industry today as well as lack of good quality
work of its end product which do not provide
many of the clients’ value for money. Many
constructions projects development have failed
owing to the various technical and financial
pressures of cost limit, quality and value
optimization (Oyebode, 2019).

Achieving smart sustainable cities represents an
instance of urban sustainability, a concept that
refers to a desired state in which a city strives to
retain the balance of socio-ecological system
through sustainable development as a desired
trajectory. The central role of cities in
sustainable development is clearly reflected in
the Sustainable Development Goals (SGDs) of
the United Nations 2030 Agenda for Sustainable
Development, which is about making cities
resilient and sustainable (SDG Goal 11) (UN,
2015).

sustainable  cities

Smart represent  a

manifestation of sustainable urban development
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as a process of change and a strategic approach

to achieving the Ilong-term goals of
sustainability. Urban planning (also referred to
as city planning and urban development) is a
governmental function in most countries
worldwide. It is practiced on the neighborhood,
district, city, metropolitan, regional, and national
scales with land use, environmental, transport,
local, metropolitan, and regional planning
representing more specialized foci (Bibri, 2018).
The environmental and human health risks are
often not explicitly considered in lean initiatives
that can affect customers & stakeholders
throughout the product life cycle, and the
manufacturing enterprises working with lean
strategies have the possibility of costs sub-
optimization and waste reduction from a lifecycle
viewpoint (Mor et al., 2015).

Organizational behavior and stakeholder
processes continually influence energy strategy
choices and decisions. Although theoretical
optimizations can provide guidance for energy
mix decisions from a pure physical systems
engineering point of view, these solutions might
not be optimal from a political or social
perspective (Weijermars et al.,, 2012).

The achievement of sustainable development
goals (SDGs) depends on the access of modern,
sufficient, and efficient energy to all people.
Currently, developing countries including sub-
Saharan Africa (SSA) are the most vulnerable to

the environmental problems associated with the
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use of non-renewable energy. All countries are

striving to develop and use sustainable
renewable energy (RE) with zero, low, or neutral
greenhouse gas emissions (Bishoge et al., 2020).
To

support advancements in data center

sustainability, a regulatory environment is
important, providing standardized requirements
and evaluation methods. Energy use for ICT is
ever more increasing and so are concerns on the
sustainability of data centers. The use of a natural
cold source can be a direct use or an indirect use.
In direct use, outdoor air is directly introduced,;
humidity control and filtration are required. In
indirect use, heat exchange equipment is used.
The crucial point in using a natural cold source
is the efficiency of the heat exchange between
indoor and outdoor air (Rong et al., 2016).

Metrics and the regulatory environment are a
useful framework to support actions. Several
indicators have been introduced to assess the
state of the art and future targets of single aspects
of efficiency (energy efficiency, carbon impact,
use of resources) (Manganelli et al., 2021).

Energy is tightly linked to the three dimensions
of  sustainable development: economic,
environmental, and social. Energy services are
obviously essential to economic and social
development. To contribute to this ongoing
development, the main issue in the energy sector
will be to control the consumption of natural

energy resources. In fact, we must set up a

system for better compatibility of current living
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standards with the conservation of energy

resources for future generations. Figure 1

presented cogent aspects of sustainability in

major sectors.

Environmental
Social- Matural resoures use, Environmental -
Enviranmental Environmental Management, Ecorfiaimiic
Enwvironmental Justice, —— Pailuticon Pravention g Energy Efficiency.

Local and Global . =
Matural Resources
Stewardship

il Subsidies/lnoenthves
for use of MNatural

Ao rces

Social-Economic
Fair Trade, Workars” Rights,
Business Ethies

Figure 1: Three Spheres of Sustainability

Energy transition (ET) is a major change
from a dominant model to a different
paradigm in energy system. It means moving
from a socioeconomic and technological
system to a different one, as regards energy
supply and use. Figure 2 indicates the

| From Primeval Ages

11700s — 1950s

progression of energy from primeval ages till
date. The third energy transition is
transformation from fossil-fuel to renewable
energy.  Environmental  considerations

account most for this energy transition.

1960s — 2040s /60s | Evolving

! Fuel wood / Charcoal !

l Gasoline / Dhesel

|
MNatural Gask2

[
Growing REs

Figure 2: Progression of energy from primeval ages till date

3. METHODOLOGY

Methodology adopted includes secondary data
from literature and interaction with notable
experts in energy sector. Criteria for excellent
engineering practice through energy-mix

implementation strategies and sustainable

policies were identified. Challenges confronting
excellent implementation of proper energy mix
were identified. Renewable energy is the current
trends and many researches are going on in this
direction. Figure 1 indicates a typical example of

energy efficient building for green technology.
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Table 1 also presented renewable potential and

their current utilization in Nigeria.

T

Figure 3: Zero net building for Green Technology and Energy Efficiency
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Table 1: Renewable potential and their current utilization in Nigeria

Resources Amount Current Use
Large hydropower 11,250 MW 1930 MW (17.1%) used
Small hydropower 3,500 MW 64.2 MW (1.83%) used
g ) 27% Capacity Factor
Solar 4.0-6.5 kWh/m*/day (Negligible)
Wind: 2—4 m/s @ 10 m hub height
- Onshore wind 1,600 MW Negligible use
- Offshore wind 800 MW Negligible use
Geothermal 500 MW Negligible use
Biomass (Non-fossil fuel):
Municipal waste 30 million tonnes/year 0.5 kg/capita/day
Fuel wood 11 million hectares of forest 43.4 million/tonnes/yr
consumed
Animal waste 1.05 tonnes/day Negligible use
Agricultural residues 91.4 million tonnes/yr produced Negligible use
Energy crops 28.2 million hectares of arable land 8.5% cultivated
Source: (Adewuyi et al., 2020)
4. CHALLENGES CONFRONTING iil. ?ack of . encourage;nent andhfundlng
EXCELLENT IMPLEMENTATION or engineers and researchers on
energy related fields.

OF PROPER ENERGY MIX IN

NIGERIA iv. Lack of data, enforcement and

Challenges confronting excellent implementation documented standards

of proper energy mix include: V. Lack of proper repair and maintenance
of energy systems and equipment.

1. Lack of adequate reconnaissance . o
survey and feasibility studies for V1. Inadequate  training, ~ manpower
holistic and energy mix development and capacity building in

implementation system. energy sector.

vii. Inadequate attention to health, safety
and environmental guidelines.

ii. Lack of sustainable policy and
implementation strategies
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4.1 Ciriteria for Energy Mix

Implementation

Engineers can strive for excellence engineering
practice through energy mix implementation

strategies,  viable  development, national

economic growth and sustainable policy. To scale
service

delivery, implement

up
predictable,

energy

supportive  and  consistent
government policy and regulation that prioritizes
or incentivizes energy access.

The continuous growth in size, complexity and
energy density of data centers due to the
increasing demand for storage, networking and
computation has become a worldwide energetic
problem. The emergent awareness of the negative
impact that the uncontrolled energy consumption
has on natural environment, the predicted
limitation of fossil fuels production in the
upcoming decades and the growing associated
costs have strongly influenced the energy systems

engineering work in the last decades.

In order to ensure the sustainability of energy

supply and subsequently the sustainable
economic development of the country, the
government has to intensify the further

implementation of renewable energy and energy
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efficiency programs. Moreover, instead of flaring
gas in Nigeria, the gases can be converted to
methanol and used as a fuel for both domestic and
industrial use. With good energy efficiency
practices and products, the burning of fossil fuel
for energy will be greatly minimized. The ability
of Nigeria to mitigate the impact of growing
global energy transition is premised on
developing economic capacity (highly diversified
economy), resource management and adoption of
renewable in its energy mix. The pursuit of
sustainable energy is strongly associated with
political will and the necessary socio-economic
structure, which differs across the regions of the
world.

Massive deployment of renewable energy
systems in Nigeria has great future if only the
right political and legislative framework can be
put in place. Energy poverty is a major barrier to
national development, effective engineering
practice in Nigeria and high level of investments
required to scale up Africa’s energy systems.
Figure 4 identifies percentages for various
sources of energy in a typical location while
Figure 5 presented Global energy consumption

from 2000 to 2019.
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Figure 4: Percentages for various sources of energy
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Figure 5: Global energy consumption from 2000 to 2019

Findings revealed that there are issues traceable
to inadequate energy mix that culminates into
under supply of energy, lack of capacity for
expansion, deficit of sustainable policy regarding
energy-mix and lack of circular economy and
inadequate quality assurance. Nigeria as a nation

need to key into global activities, and this places
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a premium of emphasis on energy efficiency.
Coal, oil, and natural gas remain the primary
global energy sources even as renewables have
begun rapidly increasing. Table 2 presented
hydropower projects under development in

Nigeria.
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Table 2: Hydropower projects under development in Nigeria

Power station Capacity Location (State)
MW)
Zungeru 700 MW Kaduna
Mambilla 3050 Niger
Gurara 11 360 Taraba
Gurara [ 30 Kaduna
Itisi 40 Kaduna
Kashimbilla 40 Taraba

Source: (Falobi et al., 2020).

The policy design cycle is indicated in figure 6.

_ Policy design =

Policy amendment

S
( Environmeni
o

-

Prioritize access to free energy for the energy-

deprived, and modernization of traditionally free

Policy feedback ‘ (

. L

——,

Economic >
Technology )

Policy assessment }‘"

Policy implementation

-

Policy monitoring

Figure 6: The policy design cycle

Source: Source: (Lu et al., 2020)

businesses.

fundamental

Affordability must be

consideration in

delivering

and local energy sources. Reduce energy waste to
support affordability and maximize availability,

through measures such as retrofits to homes and

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi

sustainable energy access. Figure 7 presented
energy increase, fuel shift, hybridization and deep

decarbonation relationship.
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Figure 7: Energy increase, fuel shift, hybridization and deep decarbonation relationship

5. CONCLUSIONS

Infrastructural development in power,
transportation and energy sector require a
solid foundation in energy mix for viable
investment and the combination of adequate
proportion of various sources of energy
should be encouraged to prevent
environmental pollution and energy deficit
in Nigeria. Hence, there is need to strive for
excellence engineering in practice through
strategic energy-mix implementation, job
creation, effective energy management,
improvement of energy security, capacity
building and sustainable policy.

Access to clean and modern energy is
critical to fostering a lasting social and
economic development and for achievement

of sustainable development goals. The
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importance of policy to energy transitions is
critical. Policymakers frequently depend on
policy instruments such as  price
mechanisms to set out sustainable energy
without considering the issues of justice and
greater political and economic concerns of
ownership of the energy system, the
technologies that are employed and how the
energy is utilized.

Out of all energy resources, we consider
green power (solar, wind, biomass and
geothermal) as the cleanest form of energy.
From an engineering perspective, energy
demand may be reduced by: improving the
thermodynamic efficiency of energy
conversion devices such as boilers and
engines; preserving, heat, light, momentum

or materials in passive systems, such as
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houses, cars and steel bars; or reducing
demand for final energy services.

Strategies and action plan must be deployed
to manage the supply, procurement, cost and
efficiency of energy across all areas of
engineering works for the benefit of our
nation. Renewable energy and energy
efficiency have a cross-cutting effect on the
economy and demands special attention

from all sectors of any economy.

6. RECOMMENDATIONS

Recommendations include the following:

. Nigerian society of engineers,
regulatory  bodies,  engineering
family, stakeholders, educators,

investors and every tier of
government have a special role to play
in the formulation of the sustainable
policy being sought for energy-mix
implementation.

ii.  There is need to ensure universal
access to modern energy services;
doubling the global rate of
improvement in energy efficiency;
and doubling the share of renewable
energy in the global energy mix.

ili.  Healthy public private partnership for
design, construction and

implementation of energy projects,

laws and policies.
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1v.

Vi.

Vii.

viii.

IX.

Use a variety of efficient energy
sources, equipment and appliances at
a variety of scales, as the traditional
power sector alone will not and
cannot deliver an end to energy
poverty. States must play an
important policy role in regulating the
energy market, ensuring that deprived
communities are guaranteed access.
Ensure access to adequate financing
for small enterprises,  social
enterprises and  end-users  of
renewable technologies.

Establish an independent technology
assessment mechanism to assess the
ecological and health impact of new
technologies at international, regional
and national levels.

Implementation strategies and legal
structures should be put in place to
strengthen the use of energy mix and
renewable energy sources.
Involvement of engineers, energy
professionals and policy experts in all
energy projects.

Establish an agency to promote the
use of energy-efficient products and
ensure the appropriate practices.
Develop and imbibe energy
efficiency technologies and creation

of awareness on renewable energy

and energy efficiency.
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xi.  Training, continuous learning and
professional development are crucial
for effective management, excellence
professional practice, energy mix
implementation  strategies  and
sustainable policy will strengthen our

energy sector.

REFERENCES

Adewuyi OB, Kiptoo MK, Afolayan AF, et
al. (2020) Challenges and prospects of
Nigeria's sustainable energy
transition. Energy Rep 6: 993-1009.
doi: 10.1016/j.egyr.2020.04.022

Bibri, S. E. (2018). Backcasting in futures
studies: a synthesized scholarly and
planning approach to strategic smart
sustainable city development.
European Journal of Futures
Research, 6(1), 1-27.

Bishoge, O. K., Kombe, G. G., & Mvile, B.
N. (2020). Renewable energy for
sustainable development in sub-
Saharan African countries: Challenges
and way forward. Journal of
Renewable and Sustainable Energy,
12(5), 052702.

Falobi EO (2020) The role of renewable in
Nigeria's energy policy mix. Int Assoc
Energy Econ (IAEE) Energy
Forum/First Quarter 2020: 41-46.

Fenner, R. A., Ainger, C. M., Cruickshank,
H. J., & Guthrie, P. M. (2006,
December). Widening engineering
horizons: addressing the complexity
of sustainable development. In
Proceedings of the Institution of Civil
Engineers-Engineering Sustainability
(Vol. 159, No. 4, pp. 145-154).
Thomas Telford Ltd.

Lu, Y., Khan, Z. A., Alvarez-Alvarado, M.
S., Zhang, Y., Huang, Z., & Imran, M.
(2020). A critical review of sustainable
energy policies for the promotion of
renewable energy sources.
Sustainability, 12(12), 5078.

Manganelli, M., Soldati, A., Martirano, L.,
& Ramakrishna, S. (2021). Strategies
for Improving the Sustainability of
Data Centers via Energy Mix, Energy
Conservation, and Circular Energy.
Sustainability, 13(11), 6114.

Mor, R., Singh, S., & Bhardwaj, A. (2015).
Learning on lean production: A
review of opinion and research within
environmental constraints. Operations
and Supply Chain Management: An
International Journal, 9(1), 61-72.

Nematchoua, M. K., Asadi, S., & Reiter, S.
(2020). Influence of energy mix on
the life cycle of an eco-neighborhood,
a case study of 150 countries.

Renewable Energy, 162, 81-97.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021



https://doi.org/10.1016/j.egyr.2020.04.022

Oluwadare Joshua Oyebode
Striving For Excellence Engineering Practice Through Energy Mix Implementation Strategies And Sustainable Policy

Oyebode, O. J. (2019). Input of Effective
Cost Control in the Management of
Construction Works and Architectural
Excellence in Nigeria.

Rong, H.; Zhang, H.; Xiao, S.; Li, C.; Hu,
C. Optimizing energy consumption
for data centers. Renew. Sustain.
Energy Rev. 2016, 58, 674-691.
[CrossRef]

Stevens P (2019) The geopolitical
implications of future oil demand,
Research Paper. The Royal Institute
of International Affairs: Chatham
House, 1-42.

United Nations (2015) Transforming
our world: the 2030 agenda for
sustainable development, New
York, NY. Available at:
https://sustainabledevelopment.un.
org/post2015/transformingourworl
d

Weijermars, R., Taylor, P., Bahn, O.,
Das, S. R., & Wei, Y. M. (2012).
Review of models and actors in
energy mix optimization—can
leader visions and decisions align
with optimum model strategies for
our future energy systems? Energy

Strategy Reviews, 1(1), 5-18.

Proceedings of the 2021 National Engineering Conference of the Nigerian Society of Engi (NSE) November 2021

398


https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld

Proceedings of the 2021 National Engineering Conference
of the Nigeria Society of Engineers [NSE] .
Printed in Nigeria Copyright @2021, The Nigerian Society of Engineers

NATURAL GAS AS A SOURCE OF POWER SUPPLY
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ABSTRACT

The economic growth and social development of any nation depends largely on the sufficiency of its power
and energy sector. In order to bring about the realization of the Sustainable Development Goals (SDG) for
2030 as canvassed by the United Nations it is imperative that provision of adequate energy to drive key
sectors of global economy must be brought to the fore.. Nigerian is known to be capable of generating
about 11900MW of electricity from various gas power stations in the country. Nigeria has been confronted
with massive exportation of Natural gas as means of generating revenue without taking into cognizance of
the fact that she is inadvertently shortchanging the power sector which is left with of little quantity of gas
to run the gas stations for the production of electricity. Analysis of the production and consumption rate
data carried out showed that between 2000 and 2019 the flared gas reduced from 65% to 17%. The major
challenges that have acted as drawbacks for the Natural gas production are insecurity, poor governmental
policies, corruption, vandalization of production equipment by criminals and host community unrest. Some
recommendations were made on how to increase gas production and utilization for robust and improved

power supply.

Keywords. Natural gas, power supply, electricity and energy.

the face of gross dearth of power supply (Okpare,

1. INTRODUCTION Oniyemofe & Edward, 2010). For a country to
Energy security is the bedrock required for any develop fast it will be imperative to generate
country to takes its place in the comity of nations. power from utmost available resources within its
It is an important requirement for the environment. In targeting the realization of the
enhancement of human capital and economic Sustenance Development Goals for availability
development for any continent (Okpare, Tanno & of power and energy for 2030 all hands must be
Oniyemofe, 2009). Africa has been known to be on deck to ensure that power and energy is made
deficient in the provision of adequate power abundant to drive key areas of the social,
supply to drive the various key sectors of its economical and environmental developmental
economy as a result has brought untold had sectors (Akorede, Ibrahim, Amuda, Otueoze. &
hardship to the region since tremendous and Olufeagba, 2017). Nigeria as a country is capable
revolutionized industrialization can not come to of producing over 12,000MW of electricity for
play in at her citizens but often times this is not realizable

as a huge amount of the natural gas required for

energy production are flared into the atmosphere
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thereby amounting to colossal waste. Also, a
portion of the natural gas produced in Nigeria is
exported to earn foreign exchange for the country
leaving the power sector with a meager amount
of the mineral (Akuru & Okoro, 2014).

It is worthy of note that energy is a great
influencer of enomomy as it lead generation of
huge output for companies and massive
employment for citizens the nation (Akorede,
Hizam, & Pouresmaeli, 2010). The degree and
amount of economic activities been turned out in
any nation is a function of the amount of energy
put to use in the powering of the production,
transport and service sectors. Energy has been
seen as driving force required man to convert raw
materials to transformed products and provision
of economy based useful services (Babajide,

2017).

Modern energy required for the production of
power supply is obtained from crude oil, natural
gas, wind power plants, hydro power plant,
nuclear and solar power plants (Abdulkareem &
Odigure, 2010). In carrying out the production of
the energy using the power plant important
components such as combustion chamber,
compressor, turbine, intercoolers, reheaters and
heat exchangers are required to work efficiently
to increase power outputs, thermal efficiency,
work ratio and cycle efficiency (Ahaotu, 2006).

One of the greatest priviledges Nigeria as a
country relishes on is the situation of vast deposit

of crude oil in her soil. This crude oil is the chief

source of natural gas which required for energy
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and power generation. Nigeria is known to have
over 190 trilion cubic feet of gas in its reserves
and she is ranked 25™ greatest producer of natural

gas in the world (Ajayi & Ajanaku, 2009).

The greatest bottleneck manufacturing sectors,
service providing industries and good standard of
living suffers is lack of adequate power supply
that is advertently linked to underutilization of
natural resources within our environment (Biose,
2019). In attaining a considerable height in
provision of energy, attention and effort must be
geared towards timely exploration of the natural
gas resource so as to obtain the full benefits of the
conversion into energy. The application of
natural gas as a source of power supply is right
direction for any developing nation as ours.

2. METHODOLOGY

There are basically two main types of power
generating plants in Nigeria. They are thermal or
fossil fuel power plant and hydro electric power
plant. The Nigeria power supply mix is reputed to
be dominated by the use of thermal (gas fired)
power plant. The thermal power plant comprises
mainly of natural gas fired and coal fired power
plants (Akpan, 2009).

2.1
Natural gas is a kind of fuel which has its

Production of the Natural Gas

formation similar to that of non-renewable of
fossil fuel as a result of the decay of dead animals
and plants over 250 million years ago (NEED
Project, 2017). It is actually applied in heat
engines to generate energy used in the production

electricity through the turbine of the gas plant. the
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gas is a mixture of hydrocarbon and non-
hydrocarbon gas formed under the earthcrust.
The natural resource is comprised of methane,
ethane, propane, butane, carbon-dioxide and
other minor gaseous constituents (Uchegbulam,
Opeh. & Atenaga, 2014). The odourless,
colourless, non toxic natural gas has methane as
it largest constituent followed by ethane, propane
and butane.

In production of dry quality of the natural gas a
technical separation of the hydrocarbon and some
accompanying fluids must be observed. In
exploration of the gas from the earthcrust the
following processes are observed. Probing the
rock surfaces to trace any evidence of the natural
gas. Application of explosions and heavy weights
on the earth crust in response of the reflected
sound waves from the rocks

The earth gravitational pull on the rock masses is
measured and recorded appropriately

For a well ascertained seismic results drilling of
the natural gas deposit is recommended.
Extraction of the deposit is carried out and
transported to the distilling processing plant
where it is cleansed before been separated
fractionally into components with methane
maintaining a composition of about 90% as the
chief constituent. Other gases present are ethane,
propane, butane, pentane, carbon dioxide,
nitrogen and some inert gases.

The produced natural gas is transported from
source final through

point to its point

underground pipes. The speed of the gas
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decreases with distance as result of collision of
the gas particles as such a gas booster compressor
station is required after every 50km to increase
the the pressure of the gas.

Gas is stored in reservoirs during hot seasons to
ensure it is available in cold season.

2.2 Power Generation in Nigeria

Over the years our generation of power has
revolved around the use of oil, gas and
hydroelectricity. Electrical power in Nigeria is
generated mainly from hydroelectricity and gas
power plant. Majority of the gas turbine plants are
located in the southern part of the country
because of the utmost availability of natural gas
and other related natural resources in the region

(Udok & Akpan, 2017).

Recently, some coal excited hydroelectric power

stations have come the fore in Nigeria
(Ajumogobia & Okeke 2015). In power
generation, the processed natural gas is

transported to the gas turbine plant where it mixes
with air in the compressor. The product from the
compressor is moved into the combustion
chamber where it is met with intense heat.the
combustion product is the energy required to
power the turbine which in turn generate
electricity.

2.3 Natural Gas Produced Electricity
Natural gas accounts for about 88% of the total
electricity generated in the National grid while
the remainder is produced using hydropower.

Plants.

(NSE) November 2021




!Aliemeke B. N. G., *Ehibor, O. G. & ’Omoakhalen, A. I.
Natural Gas As A Source Of Power Supply

3. RESULTS AND DISCUSSION

The capacity and status of the various thermal gas plants (Natural gas fired) in Nigeria are stated on Table

1.0.
Table 1.0: Natural gas fired thermal plants in Nigeria

Power station Location Installed Capacity Status Year completed

AES barge (IPP) Egbin 270MW Non opertional 2001

Aba (IPP) Abia state 140 MW Non operational 2012

Afam [V -V Afam, Rivers  726MW Partially 2010
operational

Afam VI Afam, Rivers 624 MW operational 2015

Alaoji Abia state 1026 MW operational 2015

Calabar Cross river 561MW Non operational 2014

Egbema Imo state 338 MW Non operational 2013

Egbin Lagos state 1324 MW Partially 2007
operational

Geregu | Kogi state 414 MW Partially 2012
operational

Geregu II Kogi State 434 MW Partially 2009
operational

Ibom Akwa Ibom 190 MW Partially 2009
operational

Thonvor Benin city 450 MW Partial operational 2013

Okpai Delta state 480 MW Operational 2005

Olorunshungo I Ogun state 336 MW Partially 2007
operational

Olurunshungo 11 Ogun State 675 MW Partially 2012
operational

Omoku I River State 150 MW Operational 2005

Omoku 11 Rivers State 225 MW Non operational Incomplete

Omotosho I Ondo State 336 MW Partially 2005
operational

Omotosho II Ondo State 450 MW Partially 2012
operational
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Sapele I Delta State 1032 MW Parttially 1978-1981
operational
(380MW)

Sapele 11 Delta State 450 MW Partially 2012
operational

Transorp Ughelli Delta State 900 MW Partially 1966-1990 (4
Operational phases)

Ibom Akwa Ibom 191 MW Operational 2010

Azura Benin city 450 MW Opeational 2018

The coal fired thermal plant stations are shown on Table 2.0
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Table 2. Coal fired thermal plant stations

Power stations Location Installed Capacity  Status Year of
completion
Itobe power Kogi State 1200 MW Non operational 2020

station

The hydro electric power station current status and capacity are summarized on Table 3.0

Table 3. Hydro electric power stations in Nigeria
Hydro electric Location Installed Capacity  Status Year of
station completion
Kainji Niger state 800 MW Operational 1968
Jebba Niger state 540 MW Operational 1985
Shiroro Niger state 600 MW Operational 1990
Zamfara Zamfara state 100 MW Operational 2012
Kano Kano state 100MW Operational 2015
Dadin Kowa 40 MW Operational 2018
Mambila Taraba state 3050 MW Non Operational 2024 (proposed)

The result shown from the table is as given:

Table 4.0: Comparisons of production of the power plants

Type of power plant Total power in MW Percentage of Power(%)
Gas turbine 3629 51.78

Hydroelectric 2180 31.10

Coal 1200 17.21

Total 7009
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Power generation in Nigeria
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Fig. 2: Percentage comparisons of Nigerian power plants

3.2

gas

Challenges in Production of Natural

Environmental Hazard: Gas flaring remains one
of the worst agent of pollution.

Ineffectiveness of the government of the day to
create an enabling environment in the gas
industry has been a major setback in the

production of power and energy.
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Lack of adequate funding in the gas sector has not
encouraged the availability of the natural
resources in the requisite quantity.

The Government inability to embrace and
sponsor latest technology in the gas sector has
been a major hindrance power production. The

present transmission network in the country is
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outdated and will require total overhauling vis a
vis system upgrade
Insecurity challenge in the Niger Delta part of
Nigeria has been an explicable hindrance to the
production of natural gas for the production of
energy as pipelines carrying petroleum products
are often attacked by restive youths and
sometimes the oil and gas workers are kidnapped
from various oil platforms and formations.

Corruption among the regulatory bodies of the oil

and gas sector has also been a major set back in

the adequate production of electricity.

3.3 Suggestion on the way forward for the

sector

Suggestions on the way forward for the gas

sector are predicated on the outright adherence

to practicable ethics inherent in the oil and gas
sector.

e  Q@Gas flaring should be discouraged forthwith
and defaulters made to suffer penalty

e  Government should ensure that adequate
provision of facilities is made ready for the
gas sector.

. Attention should be paid to the various
power plants across the entire country.

e  Energy companies should be encouraged to
invest in the production of natural gas in the
country. [Enabling environment should
created for participation of local and foreign
investors.

e The nation’s renewable energy blueprint

plan drafted, in 2005 should be implemented
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without further delay to complement the
various power plants energy production.

4. CONCLUSION

For a stable and dependent economy power
generation is the right direction to go. This
study reveals the growth and challenges
associated with the gas power plant sector
in Nigeria This profound study shows that
51.7% of power production is thermal gas
power plant while hydroelectric capacity
has 38.4%. It amounts to a huge waste
when power plants are built and to put into
operation to achieve its required capacity.
The has a great potential to generate
beyond the 5000MW it presently generates
if the various gas and hydro electricity
plants are made to work to 70% of design
capacity. The existing transmission lines
must be revamped and enlarged to
accommodate the ever-increasing load.
Multinationals firms must be encouraged in
power and energy investment by creating
the enabling political and economical
environment for them to operate.
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ABSTRACT

Electricity is a driving force for meaningful academic research and development. Electricity generation
inNigeria is far below the optimum level, hence, its supply has become epileptic and can no longer sustain
any meaningful academic and productive work. Since itsproduction and supply in Nigeria have become a
very huge challenge, alternative means of generating it should be a welcome development. The earth is said
to receive directly from the sunlight above 1366W approx. of solar energy every day, which makes solar
energya non-vanishing renewable source of energy, which is in abundance, free and eco-friendly. It will
be highly sustainable in Nigeriafor the greater part of the year, since the sunlight is always at its peak,
providing a viable alternative to producing electrical energy. This paper designed and developeda 3.2
KVa Solar Powered Systems to energize non-motorized electric appliances such as lamps, laptops
computers and ceiling fans with 2080, 9600 and 6400 watt-hours respectively, whose total daily power
output stands at 2260watts in the departmental offices of the academic staff of the Department of
Mechanical Engineering. This total requirement of approximately 2260watts has guided the authors’
Judgement in considering this low-cost design: PV panel Peak Watt Rating (Wh) of 3005.75W, an inverter
size of 3.2KVa and six (6) batteries with a combined estimated value of 904AH. The total cost of the project
is estimated to be about Two Million Naira only (%2,000,000).

Keywords: Design, implementation, solar, powered, staff, and offices

1. INTRODUCTION Solar photovoltaic system is a modern technology
Renewable energy has generated more interest in used in the conversion of sunlight into electrical
recent time as a viable alternative to the energy. This system has many advantages over
conventional energy due to increasing prices of other conventional electricity power generation
the fast depleting fossil fuel. The solar energy is systems. For example, absence of noise, wear
the most prominent among all the renewable and tear, make this source of power generation
energies for its sustainable energy source, which highly preferable. The solar photovoltaic system
is abundantly and readily available for generation is used mainly for electricity power generation
of electricity. from solar energy for various applications.
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The configuration of the solar photovoltaic
system is a simple one. The process of generation
involves the conversion of sunlight into electrical
energy by the photovoltaic modules, storage and
delivery of the electrical energy by the battery
into usable form. The battery charging level
regulation, is done by the charge controller to
regulate the level of charging to and its discharge
from the battery. The output of the batteries can
be used directly to power certain low DC Voltage
loads in the office such as computer systems and
bulbs. The DC voltage can also be converted to
AC voltage with the aid of an inverter to run AC-

loads.

Solar photovoltaic system has high potential to

provide electricity power for both the
departmental staff offices and academic staff
where access to constant electricity supply for
research works and other academic engagements
have become a challenge. The solar system
provides an alternative source of electricity
power supply to supplement the existing epileptic
national power supply generally and in Ilaro,
Ogun state, in particular. Epileptic power supply
in the country generally, contributes mostly to
low productive man power and lack of cutting-
edge research works in academics. These
consequently, have negatively impacted the
economy of the Nation. Solar photovoltaic

system can be connected in series and parallel to
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produce sufficient current and voltage required

for daily use in the departmental offices.

The solar photovoltaic system designed with
installed capacity of approximately 3006 W, in
the department, will generate sufficient electrical
energy to both departmental and academic staff
members’ offices to meet their daily energy
demands at any point in time during the day and
night time without depending on government

utility grid.

The term “Renewable energy” covers all forms of
energy generated from natural resources such as
sunlight, wind, water (or hydro power), tidal,
geothermal heat, biomass and biofuels. These
natural resources are harnessed and are in
abundance to constantly replenished such that
each of them has distinctiveness that determines
where and how they are applied (Federal Ministry
2013), all

renewable energy sources are derived directly or

of Environment, since almost
indirectly from the Sun. It releases more energy
per hour than the earth expends in one year. It is
free from pollutants, greenhouse gases and highly
secured from geo-political constraints and
conflicts. The amount of solar energy reaching
the Earth’s surface is about 100,000 TW
(Yeramilli, 2012). The total global primary
energy consumption in 2012, was 12,476.6
million tons of oil equivalence or 145,103 TWh.
The BP Statistical Review of World Energy, that

is, BP 2020 report, reveals that it is certain the
(NSE) November 2021
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global annual energy consumption can be availed
by solar energy in every 88 minutes or about 6000
times total annual energy usage yearly. It is the
world’s most abundant and constantly permanent
energy source that reflects different appearances
depending on the earth’s surface landscape (Sen,
2008). In essence, solar energy will play a pivotal
role and will serve as a panacea and a sure
guarantor to developing countries’ energy needs
in the future as well as across the globe. In
particular, Nigeria is favourably located in a belt
in the West African Sub-region and lies between
longitudes 3 degrees and 14 degrees and latitudes
4 degrees and 140 degrees, being just above the
equator, which receive abundant sunshine all the
year round (NEP, 2003 and ECN-UNDP, 2005).
It was estimated that the annual daily average of
total solar radiation varies from about
12.6MJ/m*/day (3.5kWh/m?/day) in the coastal
region to about 25.2MJ/m*day (7.0kWh/m?day)
in the far north, thus making her to have an
17,459,215.2 MIJ/day
(17.439TJ/day) of solar energy, falling on its

923,768km?’ land area.

estimated million

There is an estimated average of 18.9MJ/m*/day
(5.3kWh/m?*/day) over a whole year, an average
of 6,372,613PJ/year (E1770 thousand TWh/year)
of solar energy that falls on the entire land area,
which is highly sustainable. Despite these huge
potentials, solar energy has not been fully and
sufficently harnessed or deployed in the country

as a solution to its acute power deficit which the
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country is currently experiencing.  Nigeria
presently struggles to produce 4516.7MW from
the national grid, while as at December 2012,
Germany, Italy, China and USA had installed
capacities of 32509, 16987, 8043 and 7665
respectively, inspite of the fact that Germany, is
located in temperate region. Inspite of the fact
that Nigeria has good and viable solar
applications options ranging from stand-alone
toPico units to any large scale grid connected
applications. Ifthis Nigeria’s huge solar potential
can be harnessed, the man-hour loss occasioned
by low energy availability, would be a thing of
the past. If all hands can be on deck, the huge
researches

and developments potentials in

Nigeria, can be translated into massive,
meaningful and sustainable developments. It is
an under- statement to say, this in turn, will have
a significant effect on the quality of education and
learning that will enhance both the trainers and
the trainees in Nigeria.

Below are some of the benefits of using
renewable energy as reported by Ikponmwosa,

2014:

1) It has low operational and
maintenance costs.

1) It has a high mean time between
failures.

1ii) It is noiseless and nomoving parts
are involved during operation.

iv) Different PV panels sizes or modules

are abundantly available over a wide

range of power ratings.
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Most researches so far carried out on solar energy
in the country, as the alternative source of energy,
are only skewed towardapplying it as solutions to
drive small scale businesses, grow economy and
to compliment low power generation from the
national grid, rather than using it to solve the

ever-epileptic and inadequate supply, and in

meaningful academic research works in almost
all our tertiaryinstitutions in Nigeria, which in
turn, would have massively enhanced the quality
and service delivery lacking in our hitherto
centres of excellences Nigerian institutions were
known for and highly sought after in early 70s.
This is the reason whyhe need for this alternative

source of power, which is the main focus of this

addition, massively deploying it into solving the work.
problem of frustration and obvious lack of any
3. METHODOLOGY
3.1. MATERIALS/EQUIPMENT
Determination of the Total Daily Power (Wh)
Table 1.1: Non-Motorized Electric Appliances
S/N A Appliances B C D E
(AXE)  Ratings (W) Quantity Total watts
Hours/day Energy (Cx D)
(Wh)
1 8 Lamps 2080 26 10 260
2 8 Laptop computers 9600 120 10 1200
3 8 Ceiling Fans 6400 80 10 800
Total 18, 080 2,260
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Appliances Consumption (Watthour)

Laptops{Computers)

53.1% Lamps
11 5%

Ceiling Fans

Figure 3.1: Appliances consumption representation in the Department of Mechanical Engineering.

Determination of the total PV Energy needed
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Table 3.2: Determination of the total PV Energy needed:

Parameters Analysis Remarks
Controller efficiency, 0.9 Efficiency Factor PV energy needed = F. x Daily power
nce 1 consumption

necexnB xnEec =133

Battery efficiency, ns 0.85 =1.33 x 18080
=24046 Wh
Electrical cable 0.95
efficiency, Nec
Table 3.3: Determination of total PV panel Peak watt Rating (Wh):
Parameters Analysis Remarks
Average Daily Sunshine Peak watt Rating =
total PV needed
Average Daily Sunshine
24046 wh
PV energy needed = 24046 Wh _—
PWR=  8h =3005.75W
Table 3.4: Determination of the PV panel size (W):
Parameters Analysis Remarks
PV Panel Rating = 100W, Number of PV panels = Total Connection should be in
150W, 200W peak watt rating = series.
3005.7W

zoow = 16, 200W, 24V

Table 3.5: Determination of the Inverter Size:
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Parameters Analysis Remarks
Power factor, cos @ = 0.80 Total wattage of all appliances = Inverters are rated in KVA,
Inverter effici ~ 098 Wattage of non-motorize appliances thus the KW is converted to
fverter etticlency, = + 2.5x Wattage of motorized KVA by dividing KVA by 0.8
Startlgg current‘ factor for 3 828KW 2.5 x 0 = 3.828kW
motorized appliances = 2.5
Wattage of motorized Inverter Power (KW)=
appliances = 0 Total Wattage of all Appliances

InverterEfficiency

2.26kw
098 =231kw
Inverters size (kVA) 3.0kVA, 24V (Approximated
Value should be used)
Inverter Power
= Power Factor =
2.31+10E3
0.80 =2883VA
Table 3.6: Determination of the Battery Size:
Parameters Analysis Remarks
Depth of Discharge, D, D = Total Energy Consumption
60% =0.6 voltage
Total daily Energy
consumption =18080Wh M
12«0.6 =904 AH
Battery voltage, V =12 Series/Parallel connection

Number of Batteries required

Total Battery Capacity

Battery Ratings

904AH
=150AH=6

Table 3.7: Determination of Charge Controller Capacity:
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Parameters Analysis

Remarks

Numbers of PV modules 16

Charge controller size =

12-48V, 100A

Numbers of PV modules x Isc x

Short Circuit Current 5
Isc

Multiplying Factor 1.25

Multiplying Factor.

16x 5x 1.25=100A

SOLAR PV GRID SUPPLY LOAD
ARRAY
DCIC
CONVERTER CHANGE
OVER
SWATCH
CONTROLLE BANK INVEHETER
R

Figure 3.1: Layout diagram for the design and implementation

4. RESULT AND DISCUSSION

Lack of steady power supply to our academic
environment, has dampened the academic staff’s
zeal for any meaningful academic research work.
Hence, the reason for embarking on searching for

viable alternative power solution to making
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fruitful academic career worthwhile.  Solar
energy power solution, from all indications, has
shown to provide the appropriate solution.
Therefore, the outcome of this project, which is
to generate 3.0KVA to power the Departmental

staff offices, when implemented will surely

enhance meaningful research works and improve
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productivity of the academic staff.Furthermore,
the outcome of the design has shown that the
design is viable and it is ready for
implementation if funds are available. The
implementation phase of this work will entail,
testing/runningthe appliances or gadgets such as
laptops, a central printer, and electric fan,
personal phones, etc., being used in members of
staff offices concurrently. This solar option
isadjudged to be quite suitable and best fit
alternative source of power that can adequately
carry these appliances vis-a-vis the power audit
carlier done at the design stage. The expected
results of the test/implementation of this system
will affirm the suitability of this solar solution
with the carrying capacity for the envisaged
loads. With this design, its implementation, will
surely be a panacea for the epileptic and incessant
power outages occasioned by lack of adequate
generating capacity to provide adequate power
supply from the national grid to meet our national

power demands.

The outcome of this research work and its

implementation, no doubt will assist the faculty

staff daily power requirements for both
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ABSTRACT

Electricity supply is a major component in the development of the Education sector, its inevitable utilization
results into soaring electricity bills which may be an encumber to educational an institution as government
funding continues to dwindle by the day as a result of the harsh global economic circumstances. Finding
other means of sustainable and economic power supply is paramount. The University of Jos, alike other
educational institution is faced with harsh economic situations especially with the COVID-19 pandemic.
The institution’s electricity bills has surge due to expansion and frequent tariff increase by the Regulatory
agency and the distribution company. This paper presents the design and Implementation of a Solar PV
Mini-grid with details of energy consumption relative to supply from the Jos Electricity Distribution
Company (JEDC). Results show the implementation of Solar Mini Grid would cost the institution about M1,
067b which would have a lifespan of over 25 years. On the other hand continues consumption of power
from JEDC which averages at ¥25M every month would cost the institution about 21, 15b for 46 months.
Solar minigrid installation will be stable and sustainable power source for the institution.

Keywords: Energy, Implementation, Mini-Grid, Solar Potovoltaic, Sustainable.

1. INTRODUCTION against the full utilization of electricity to better

o ) ) the life of the common man and institutions
Electricity is an essential component in the

) ) ) where the common man will benefit is the
economic development of every nation, if
. electricity tariff. For years government have been
properly utilized can change the fortune of a
] o ] . subsidizing the electricity tariff, but government
nation. The provision of this critical component

) i has started a gradual removal of electricity tariff
by government to its consequents is marred by

) leading to the present high tariff being
several challenges since most of the sources of

.. . ) ) experienced in Nigeria.
electricity ~generation require huge capital

investments. Building power plants require not The education sector requires electricity supply
only huge capital investment but the time factor 24 hours a day considering the importance of
is also paramount. Another factor militating teaching and research in our higher institutions;
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this will not just be made available at without
cost. With the new regime of continues tariff
increase the education sector is faced with high
consumption of electricity translating into huge
electricity bills to pay. Whereas electricity is
growing geometrically in the Universities the
financial capacity of the Universities is growing
arithmetically leading to a gap between electricity
consumption and the capacity of the University to
pay the electricity bills. Considering the
challenges being faced in electricity consumption
and payments the Solar Mini-Grid is being
proposed for the provision of electricity in the

University of Jos.
2. LITERATURE REVIEW

There are several literature materials on the
implementation of Solar mini-Grid all geared
towards provision of stable and sustainable power

supply to the consumers.

Adejuyigbe et. al (2013) developed a solar

photovoltaic power system as an

supply
alternative to the government own utility power
supply, which because of its unreliability and
epileptic nature has paralyzed the day-to-day
office work activities. According to Oni and
Bolaji (2011) the generated voltage from the solar
power source increases with the increase in solar

(2017)
submitted that in a building the PV system’s daily

radiation. Johnson and Ogunseye

production far exceeds energy demand in the
building. According to NREL (2014) distributed
have the

solar photovoltaic (PV) systems
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potential to supply electricity during grid outages
resulting from extreme weather or other
emergency situations. As such, distributed PV
can significantly increase the resiliency of the
electricity system. Oghogho et.al (2014) pointed
out that Nigeria needs to reposition herself by
investing in the invaluable Solar resource to
secure the energy future of our economy. Attia et.
al (2016) proposed an electronic design that can
be used as DC power supply for PV systems.
Solar energy could be effectively used as an
alternative source of power for any PV system.
All PV systems need suitable and stable DC
power supply for proper functioning of the
included electronic circuits.

Odiase  (2017)

photovoltaic mini-grid optimal design method

Agboneye and

proposed a  standalone

that can be implemented reliably and

Omondi(2015)

developed a standard procedure for the design

economically.  Saulo and
and analysis of a mini-grid connected solar PV
systems using PV modules connected in an array
field. The standard procedure developed was
validated in the design of a 20 kVA mini-grid
connected solar PV system for Nanyuki town in
Laikipia County, Kenya. The analysis and
evaluation of the load capacity requirements for
the solar mini-grid were done. Data collected
from SWERA were compared with the local load
requirements. Optimization of the load versus
production capacity of the solar system was
carried out. The results showed that a mini-grid

system of 20 kVA might be developed at a capital
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cost of US$ 56,000 to cater for 8400 households
including a school and dispensary. Analyses of
the simulation results show that the project when
implemented will supply about 61 KW-h
electricity per day or 22.2 MWh annually, which
is about 15% of Nanyuki’s annual electricity
consumption. El-Houari et al. (2019) proposed
the design, simulation, and optimization of a
stand-alone photovoltaic system (SAPV) to
provide non-polluting electrical energy based on
a renewable source for a rural house located in
Tazouta, Morocco. Real monthly electrical
demands and hourly climatic conditions were
utilized. Elshenawy et al. (2017) worked on the
use of solar (photovoltaic) energy to supply the
electrical energy for a household of about 50m?
in a rural area situated in Shalateen (Egypt).
Design and installation of the stand-alone
photovoltaic system according to the daily
electrical load for the house and the irradiation
data related to the location are detailed. The
sizing of each system components (photovoltaic,
mechanical structure, battery, inverter and charge
controller) was studied. They also worked on
economic analysis for the system in terms of life
cycle cost and electricity unit cost. They found
out that the unit cost of electricity using the
installed PV system was $0.201/kWh. It
encouraged the use of this efficient system and

clean energy in development plans at rural

communities.

2.1 Solar Photovoltaic (PV)
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According to Saulo and Omondi (2015)
photovoltaic  systems are composed of
interconnected  components  designed to

accomplish specific goals ranging from powering
a small device to feeding electricity into the main
distribution grid. More specifically, PV devices
convert sunlight into DC electricity. Such energy
is transferred to the load or to the utility grid by

means of a subsystem.

There are two main classifications:
(1) Stand- alone systems
(i1)

The main distinguishing factor between these two

Grid connected systems.

categories is that in stand- alone systems the solar
energy output is matched with the load demand.
When a PV system is interconnected with the
main grid, it may deliver excess energy to the grid
or use the grid as a backup system, in case of
insufficient photovoltaic generation. Stand —
alone systems are mostly used in the cases of rural

electrification.

This work is focused on design and
implementation of solar PV mini-grid that is grid
connected that would give room for the public
power supply as a backup as well as the diesel
generators where the public power is not

available.

3. MATERIALS AND METHODS

3.1 Study Area

The University of Jos is by reputation, the one of

most prestigious higher education institution in
(NSE) November 2021
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the North of Nigeria and the country. Founded in
1971 as a satellite campus of the University of
Ibadan, then officially established as a separate
institution in 1975, has been considered an elite
institution known for academic excellence. It is
located in Jos, Plateau State latitude 9°55°48” and
Longitude 8°53°24” The University receives
power supply from the Jos Electricity
Distribution Company (JEDC). This supply
accounts for about 98% of the institution's
energymix, with the balance provided by
expensive and environmentally unfriendly diesel

power.
3.2 Results and Analysis

The Load used for this study is the Load Demand
on the 11kV dedicated feeder of the University of
Jos. The university supply is from a 7.5 MVA,
33/11kV dedicated transformer for use only by
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the University. There are 13 transformers

11/0.415kV.

According to Gwaivangmin (2021) electricity
supply on the dedicated feeder is available for 22-
23 hours per day which means public power
supply from JEDC serves the University between
92-96 % daily. The balance 4-8 % is for the

generating sets.
3.3 Load Forecast

For proper sizing the Solar PV Plant ANFIS
enhanced PSO load Forecast was carried out
using the primary data from the network analyzer

of the 11kV dedicated feeder.

The load demand test data was analysed using a
PSO trained ANFIS and Mean square Error of
32.0797 and root mean square error of 5.6639
were obtained. The Error mean of -0.027779 and
Error standard deviation of 5.6924.
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Figure 1. 24 Hours Load Demand Forecast for the 11kV Dedicated Feeder.

The load demand data was analysed using a PSO and root mean square error of 3.7665 were
trained ANFIS a forecast for the next 24 hours obtained. The Error mean of 0.58777 and Error
was carried out and Mean square Error of 14.1869 standard deviation of 3.7634.

Table 1. ANFIS —PSO Load Forecast for the next 24 Hours

Time( Hours) Load (kW)
0:30 335.33
1:00 335.33
1:30 304.84
2:00 304.84
2:30 320.01
3:00 320.01
3:30 426.78
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4:00 548.71
4:30 609.68
5:00 655.41
5:30 853.55
6:00 945.01
6:30 1,097.43
7:00 1,204.12
7:30 1,219.36
8:00 1,280.33
8:30 1,082.19
9:00 1,127.92
9:30 1,051.70
10:00 1,021.22
10:30 960.25
11:00 884.04
11:30 853.56
12:00 769.82
12:30 762.10
13:00 762.10
13:30 853.56
14:00 868.80
14:30 838.31
15:00 884.04
15:30 929.77
16:00 929.77
16:30 914.52
17:00 914.52
17:30 945.01
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18:00 899.28
18:30 914.52
19:00 929.77
19:30 884.04
20:00 838.31
20:30 838.31
21:00 624.92
21:30 624.92
22:00 563.96
22:30 487.75
23:00 411.54
23:30 365.81
24:00 335.33
Total 36,832.60

3.3 Meteorological Data
The average monthly 2020, meteorological data for Jos, Plateau State is shown in Table 2.

Table 2. Solar Energy and Surface Meteorology

Month Isolation, Clearness Temperatu Average Wind Speed, Wet Days,d
KkWh/m?/  Index re (°C) Sunhours m/s
day (Hours)
January 5.93 0.67 23.62 10.4 4.35 0.1
February 6.49 0.68 25.55 10.6 4.23 0.2
March 6.66 0.65 28.02 10.8 4.69 1.4
April 6.20 0.59 27.62 10.9 4.77 6.5
May 5.99 0.58 26.38 10.5 4.51 11.2
June 5.77 0.56 24.79 9.4 3.81 15.0
July 5.