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Abstract

Access to energy is a driving force for social, economic and industrial development. Coal, a major source of
energy has played this important role for centuries in many developed nations — not only providing electricity,
but also as an essential fuel for steel and cement production and for other industrial activities. Inadequate energy
supply has been a major challenge in Nigeria. Reversing this situation requires an aggressive tackling of our
energy challenges. This paper explores the potential of coal in Nigeria energy mix and shows how its
resuscitation can propel industrial growth in the economy. The share of coal in Nigeria power generation is 0%.
Nigeria proven coal reserves are 639 MT while the inferred reserves are about 2.75BT consisting approximately
of 49% sub-bituminous, 39% bituminous and 12% lignitic coals. These unexploited coal resources may generate
more than 20,000MW (20 GW) of electricity for 70 years by converting coal to a clean gas, which can then be
burned like natural gas with combined-cycle turbine. It contains low ash and high sulfur and considered suitable
for power generation. It is recommended that Nigerian government and private individual should embrace this
golden opportunity to put an end to our epileptic power generation and supply; if we hope to achieve the
laudable goals of the much talked about Vision 20-20-20.
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INTRODUCTION Socialist Republics (USSR), 23.4 percent; Europe,
Estimates by World Coal Institute show that about excluding the former USSR, 12.4 percent; Africa and
984.2 billion tonnes of proven coal reserves occur the Middle East, 6.2 percent; and South and Central
worldwide (WEC - World Energy Council, 2013). America, 2.2 percent (Microsoft Encarta, 2009).
When experts develop estimates of the world‘s coal

supply, they distinguish between coal reserves and WORLD COAL RESERVES AND
resources. Reserves are coal deposits that can be PRODUCTION

mined profitably with existing technology—that is, The table below illustrates global ranking of coal
with current equipment and methods. Resources are reserves. The United States has about 261 BST in
an estimate of the world‘s total coal deposits, reserves (27.4% of world total) followed by Russia
regardless of whether the deposits are commercially with an estimated reserve base of 173 BST (18.3%).
accessible. Exploration geologists have found and China is third, with 126 BST (13.3%). Taken together,
mapped the world‘s most extensive coal beds. At the the top three countries hold 59% of the world‘s
beginning of 2001, global coal reserves were recoverable coal reserves. When India and Australia

estimated at 984.2 billion metric tons, in which 1 are added, the top five coal producing countries hold
metric ton equals 1,016 kg (2,240Ib). These reserves 75% of world recoverable coal reserves. This
occurred in the following regions by order of  indicates a great deal of coal reserves concentration
importance: the Asia Pacific, including Australia, by country. The U.S. government alone would rank

29.7 percent; North America, 26.1 percent; Russia fourth (9%) behind China in reserve holdings.
and the countries of the former Union of Soviet

TABLE 1: World Recoverable Coal Reserves by Rank, 2009 (Billion short tons)

COUNTRY Bituminous and Anthracite | Sub- Bituminous | Lignite Total Percent of Total
United States 119.2 108.2 332 260.6 274
Russia 54.1 107.4 11.5 173.1 18.3
China 68.6 37.1 20.5 126.2 133
Other Non- 422 19.1 40.1 101.4

OECD European and Eurasia|

Australia and New Zealand 40.9 2.5 414 84.8 10.7
India 61.8 0.0 5.0 66.8 8.9
Africa 34.7 0.2 0.0 34.9 7.0
Other 101.1 31.8 103.7 236.5 3.7
World Total 445.7 287.0 2153 948.0 100

Source: IEO, 2011
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Projected World Coal Production, EIA and
OECD Outlook

EIA projects world coal output to rise by 40% over
its most recent forecast period (2011- 2035), but only
by 11% over the next 10 years. China would account
for 61% of coal production increase through 2035.
China accounts for 47%-50% of production now and
is expected to account for about 51% in 2035,
according to EIA projections. India would increase its
production by 50% over the forecast period, as non-
OECD (Organization for Economic Co- operation
and Development), Asian (including Indonesian) coal

production is projected to grow by about 50% (World
Bank Group, 2014)

At current production levels, these coal reserves are
estimated to last 133 years. In contrast, proven oil
and gas reserves are equivalent to last around 42 and
60 years respectively at current production levels.
Coal currently supplies 25% of global primary energy
and 40% of electricity generation world-wide and it is
a major fuel used for generating electricity worldwide.
Some Countries listed below heavily depend on it to
meet their electricity generation need.

Table 1.2: Global Percentage of Electricity Generation Through Coal

Country name 2011 2012 2013

Australia 68.6 68.8 64.5
Bosnia and Herzegovina 70.7 69.5

Botswana 100.0 100.0

Bulgaria 55.0 49.1

Chile 29.9 36.3 41.9
China 79.1 75.9

Czech Republic 57.6 54.2 513
Denmark 39.7 34.4 413
Germany 44.9 46.1 47.5
Greece 52.5 51.2 46.2
Hong Kong SAR, China 71.0 70.3

India 66.8 71.1

Indonesia 442 48.7

Israel 589 61.4 52.0
Korea, Rep. 432 45.1 45.1
Macedonia, FYR 76.5 77.2

Malaysia 41.0 41.5

Mauritius 40.6 41.1

Mongolia 94.8 94.7

Montenegro 54.7 48.1

Morocco 46.7 43.4

Netherlands 21.9 26.6 28.6
Philippines 36.6 38.8

Poland 86.8 84.4 85.3
Portugal 19.0 28.7 234
Romania 40.0 39.0

Serbia 75.7 72.8

South Africa 93.8 93.8

Ukraine 38.2 40.5

United Kingdom 30.0 40.0 36.8
United States 433 38.5 40.2

Source: World Bank Group. 2014 owns the coal resources. Around 1919, the

HISTORY OF NIGERIAN COAL
EXPLOITATION

Coal was the first fossil fuel to be discovered and
used in Nigeria. The Federal Government of Nigeria

AND ITS
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Geological Survey of Nigeria (GSN) was established
to take over coal exploration activities. The Minerals
Ordinance of 1946 and the Coal Ordinance No. 29 of
1950 provided the initial legal framework for the
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development of solid minerals in Nigeria (BDC Inc,
2006). Also in 1950, the Nigerian Government,
through the Coal Ordinance No. 29, created the
Nigerian Coal Corporation (NCC. Under this
Ordinance, the NCC had the exclusive rights to mine
coal in Nigeria until 1999, when a new mineral
exploration and exploitation policy and legislation
were established by the FGN. This policy opened up
the sector to private industry participation and joint
ventures.

Nigeria has extensive coal resource with inferred
reserves estimated at ranging from 1.5 billion metric
tonnes to 2.75 billion metric tonnes (Nigerian Coal
Corporation, 2004; U.S. Environmental Protection
Agency, 2007) and proven reserves of 639 million
tonnes, (Ogunsola, 1990; Nigerian Coal Corporation,
2004). Studies conducted by Behre Dolbear (2005,
2008) for the Nigerian Ministry of Solid Minerals
Development (MSMD) indicate that the Nigerian
coal resources are far larger than previously reported.

TN

Federal Republic of Nigeria

Bame River

Coal and Lignita Areas

: -

FIG. 2: Coal and Lignite deposits in Nigeria
(Modified After Behre Dolbear and Company Inc,
2006)

COAL PRODUCTION IN NIGERIA

Although coal exploration in Nigeria commenced in
1909 (Odedere, 1985), production did not start until
1916 at Ogbete, Enugu State. The production history
of coal in Nigeria has been one of uneconomic
production rates that have not encouraged local
industrial utilization of coal, nor commends the
corporation for the development of export market, in
spite of the quality and the potential size of the
resource (BDC Inc., 2006). Driven primarily by the
need for railroad fuel, coal production steadily
increased at a rate of about 25,000 tons per year until
around 1959, reaching a peak production of about
920,000 tonnes per annum. Since then, production
has continuously decreased. Coal production was
halted by the civil war around 1967 and started again
in 1971 with a production of about 25,000 tonnes that
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year (Ogunsola, 1990). At the resumption of coal
production after the civil war, production rate
increased to a maximum of about 328,000 tonnes in
1973. The increase in production during the 1916 -
1958 periods was attributed to the fact that coal was
the dominant source of energy for the Nigerian
Railway Corporation (NRC) locomotive engines and
the power generation industry. The decline thereafter
was due to oil discovery in the country. In the 1980s
production was less than 100,000 tonnes annually,
some of which was exported. Production decreased
further in the 1990s, and due to a number of problems
NCC has not produced any significant amount of coal
for several years.

TABLE 2.1: COAL PRODUCTION IN NIGERIA
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Coal Production in Nigeria (1916-2002)
Source: Ministry of Mines and Steel Development

POTENTIALS
RESOURCES
There are over 13 coal mines and more than 21 coal
blocks located across Nigeria

(Nigerian Coal Corporation, 2004). Table 3.0 shows
the name, location, reserve, coal type, and mining
method of thirteen existing coal mines in Nigeria
with potential of power generation. Report of the
feasibility study undertaken by Behre Dolbear &
Company (USA) Inc, (2006) - an international
mining consulting firm commissioned by Nigeria‘s
Ministry of Mines and Steel Development in 2005 to
evaluate the potentials of Nigerian coal resources,
particularly shortlisted four (4) coal fields as having
high potentials for power generation due to very
acceptable coal quality requiring no beneficiation.
1.0gboyoga, Kogi District (123 million tonnes
reportable/proved)
2.0kaba, Kogi
reportable/proved)
3.0rukpa, Benue
reportable/proved)
4 Ezimo, Benue
reportable/proved)

OF NIGERIA’S COAL

District (99 million tonnes

District (81 million tonnes

District (43 million tonnes
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Ogboyoga coalfield is located approximately 20
kilometers northwest of Okaba in southern Nigeria‘s
Kogi State in the Anambra Coal Basin. The coal
seam is approximately 2 meters in thickness with
depth ranging from 20 to 100 meters. Coal rank is

subbituminous. Proven coal reserves are 107 million
tonnes with total estimated reserves of 427 million
tonnes.

TABLE 3.0: TABLE SHOWING LOCATION, RESERVE, COAL TYPE, AND MINING METHOD OF

COAL DEPOSITS
S/N (MINE STATE |TYPE [ESTIMATED [PROVEN BOREHOLES |COAL DEPTH MINING
LOCATION OF RESERVES |[RESERVES RECORDS OUTCROP OF METHOD
COAL (MT) (MT) AND SEAM COAL(M)
THICKNESS
(M)DEPT OF
ICOAL (M)
1. |OkparaMine |[Enugu [Sub- 100 24 20 Many (1.5m) 180 Underground
Bituminous
2. |Onyeama Mine|Enugu  [Sub- 150 40 Many Many (1.5m) 180 [Underground
Bituminous
3. |Thioma Tmo Lignite 40 IN.A INil Many 20-80 Open Cast
4. |Ogboyoga Kogi Sub- 427 107 31 17(0.0-2.3m) 20-100 Open Cast and
Bituminous [Underground
5.  |Ogwashi Delta Lignite 250 63 7 4(3.5m) 15-100 Open Cast and
Azagba
[Underground
(Obonmkpa
6. |Ezimo Enugu  [Sub- 156 56 4 10(0.6-2.0m) 30-45 Open Cast and
Bituminous [Underground
7. |lnyi Enugu  |Sub- 50 20 4 (0.9-2.0m) 25-78 Open Cast and
Bituminous [Underground
8.  [Lafia/Obi Nassaraw [Bituminous |156 21.42 123 (1-3m) 80 [Underground
a
(cokable)
9. |Oba/Nnewi  |Anambra [Lignite 30 IN.A 2 14(0.3-4.5m) 18-38 [Undeground
10.  |Afikpo/Okigwe|Ebonyi/ [Sub- 50 IN.A INil IN.A 20-100 Underground
[mo
Bituminous
11.  |Amasiodo Enugu  [Bituminous |1000 IN.A 3 IN.A 563 Underground
12. |Okaba Kogi Sub- 75 57 Many (0.8-2.3m) 20-100 Open Cast and
Bituminous [Underground
13.  [Owukpa Benue  |Sub- 75 57 Many (0.8-2.3m) 20-100 Open Cast and
Bituminous [Underground

Source: Nigeria‘s Country Report on CMM Recovery

Coal production exceeded 530,000 tonnes in 2006.
Analysis of coal sample shows calorific value of
about 9,930Btu/Ib on as received basis. Coal quality
is shown in Table 3.1 below.

The Okaba coalfield is situated in the middle belt of
Nigeria and lies within latitude 7031°30IN and
longitude 8002°111E. The area is a striking example

of _scarp and vale topography‘. It constitutes the
North-South scarp between the Anambra River and
Benue River systems. The coal seam is
approximately 2.3 meters in thickness with depth
ranging from 20 to 100 meters. Coal rank is
subbituminous. Proven coal reserves are 57 million
tonnes with total estimated reserves of 75 million

92



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 16(3):89-96 (ISSN: 2141-7016)

tonnes. Calorific value per pound of coal determined
on air dried basis is around 10,280Btu/Ib. Okaba coal
quality is shown in Table 3.1 below.

The orukpa coalfield is in Ogbadigbo local
government area of Benue state in Nigeria. The area
of the coal field is about 16.5millions m2. The coal
seam ranges from 0.8 to 2.3m. The depth of coal is
between 20 to 100m. The coal is sub-bituminous.
Calorific value per pound of coal determined on air

dried basis is around 9,990Btu/Ib as received basis.
Owukpa coal quality is shown in Table 3.1 below.
Ezimo coal/mine field is located in Udenu L.G.A of
Enugu state in south eastern of Nigeria. The area of
the field is around 13millions m2. The thickness of
the coal is between 0.6-2.0m; the depth of coal
isbetween 15-100m. The coal is also sub-bituminous.
Calorific value per pound of coal determined on air
dried basis is about 10,900Btu/Ib. Ezimo coal quality
is shown in Table 3.1 below

TABLE 3.1: Approximate Coal Quality of the 4 Coal fields:

Area Moisture% Ash% Sulphur% Btu/Ib Kcal/kg
Ogboyaga 13.50 8.00 0.58 9,930 5,520
Okaba 10.30 9.30 0.65 10,280 5,710
Orukpa 11.80 11.20 0.40 9,990 5,550
Ezimo 10.90 6.40 0.50 10,900 6,050

Source: Coal Exploration and Power Generation Opportunities in Nigeria, Ministry of Mines and Steel

Development

TABLE 3.2: Resource Quantity Availability in Years by MW

Coal Field Resource Quantity Availability in Years by MV
500MV @ 100MV @ 1,500MV @
IReportable coal consumption coal consumption coal consumption
Quantity in MT rate of 1.6 MT/yr rate of 3.2 MT/yr rate of 4.8 MT/yr
Ogboyoga 123 76 38 26
Okaba 99 62 31 21
Ezimo 43 28 14 9
Orukpa 81 50 25 17
Source: Anyanwu, 2009
viable iron and steel industry provides a solid base
TABLE 3.3: Ultimate Power Generation for the industrialization of the country. Unfortunately,
Potentials of Major Coal Districts the iron and steel industry in Nigeria has remained
Coal District Capacity largely underdeveloped due to a multiplicity of
Kogi District 3,500MW factors including lack of political will, policy
Benue District 3,500MW

Enugu District 2,500MW - 3,500MW

Anambra Coal Basin 10,000MW — 15,000MW
(eastern side)
Others Not Estimated

Source: Coal Exploration and Power Generation
Opportunities in Nigeria, Ministry of Mines and Steel
Development

COAL AND
GROWTH
Most significant uses of coal globally are electricity
generation, iron and steel production, cement
manufacturing and other industrial processes,
production of liquid fuels. Other uses are production
of domestic fuel in the form of briquettes and as an
export commodity for earning foreign exchange.
Present shortage of power in Nigeria today
constitutes a major constraint to industrial growth.
One of the ways to address this challenge is for the
Federal Government to partner with the private sector
to diversify the country‘s electricity generation mix
to include coal.

NIGERIA’S  INDUSTRIAL

Coal utilization constitutes an integral part of iron
and steel making process. The development of a
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inconsistencies, haphazard and selfish policy
implementation, under-funding, misuse of scarce
fund etc.

Going by its use as an energy source in cement
production coal promises to remain an important
input for the global cement industry for many years
to come. This represents great economic prospect for
Nigeria if she revives her coal sector.

Continuous and widespread use of fuel wood by over
60% of Nigerian population that depends on it for
cooking, heating and other domestic uses pose a great
threat to the environment. Energy experts are of the
view that replacing fuel wood with smokeless coal
briquettes will be a smart move towards protecting
the environment. Production of the coal briquettes
and the briquette machines constitute important
industrial activities which can be explored for
economic gains.

Coal can be liquefied directly or indirectly to produce
transport fuels and other oil products such as plastics
and solvents. In this way, it acts as a substitute to
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crude oil, thereby helping to preserve it. Presently,
South Africa leads the world in coal liquefaction
technologies and the country currently supplies a
third of its domestic liquid fuel requirements from
coal. China is also experiencing growth in coal
liquefaction as a way of utilizing the country‘s
enormous reserves of coal and lessening dependence
on imported oil.

ENVIRONMENTAL IMPACT OF COAL USE
AND TECHNOLOGICAL RESPONSES

The fuel of the first industrial revolution is still one of
the most important in the beginning of the 21st
century. But coal is the fossil fuel that produces the
greatest quantity of carbon dioxide (CO2) by kWh of
electricity, one on the greenhouse gas pointed out in
all the conferences and studies on global warming.

Coal combustion is known to release the highest
levels of pollutants such as SOx and NOx,
Particulates and Trace Elements - mercury. A more
recent challenge of energy consumption has been
anthropogenic emissions of CO2 which has been
linked to global warming. Combustion of fossil fuels
at power stations is the major culprit here.

Concerns about environmental implications of
continuous burning of fossil fuels for power
generation are being raised for two major reasons:
°Global power demands expected to rise to 60% by
2030 and fossil fuel will account for 85% of the
energy market

oActive coal power plants in the world today are over
50,000 and rising...... Increased use of coal for
power generation will worsen global environmental
problems unless cleaner and more efficient coal
technologies are deployed.

CLEAN COAL TECHNOLOGY

Clean coal technologies are several generations of
technological advances that have led to more efficient
combustion of coal with reduced emissions of sulfur
dioxide and nitrogen oxide. The Department of
Energy (DOE) of developed countries administers the
CCT program to encourage and support
public/private partnerships to research, develop and
demonstrate clean coal technologies that ultimately

can be brought to large-scale commercial deployment.

In the first generation of CCT, private industry was
required to provide half of the funding for each
project, but historically contributed significantly
more. The clean coal technology program has
resulted in more than 20 new, lower costs, more
efficient and environmentally compatible tech-
nologies for electric utilities, steel mills, cement
plants and other industries.
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ENERGY AND ENVIRONMENTAL BENEFITS
OF CCT TODAY

Power plants being built today emit 90 percent less
pollutants (SO2, NOx, particulates and mercury) than
the plants they replace from the 1970s, according the
National Energy Technology Laboratory (NETL).
Regulated emissions from coal-based electricity
generation have decreased overall by over 40 percent
since the 1970s, while coal use has tripled, according
to government statistics.

Examples of technologies that are deployed today
and continue to be improved upon

include:

1.Fluidized-bed combustion: Limestone and dolomite
are added during the combustion process to mitigate
sulfur dioxide formation. In this process, coal is
burned in a combustion chamber at high pressure (12
— 16 bar) and temperature about 850-900°C with
limestone. The relevance of this technology is its
compactness of the power station and a yield of about
44%. But there are difficulties to remove dust from
hot steam and the gas turbine can be corroded.
2.Integrated Gasification Combined Cycle (IGCC):
IGCC systems involve gasification of coal, usually by
high temperature reaction with oxygen, cleaning the
gas produced, and burning it in a gas turbine to
produce electricity. Part of the residual heat in the
exhaust gas of the turbine is used in a heat recovery
boiler in the form of steam. This enables to produce
additional electricity in a steam turbine generator.
IGCC systems are among the cleanest and most
efficient of the emerging clean coal technologies.
Sulphur, nitrogen compounds, and particles are
removed before the gas is burned in the gas turbine
and thermal efficiencies above 50% are likely to be
obtained in the future.

3.Flue Gas Desulfurization: Also called —scrubbers,|
and removes large quantities of sulfur, other
impurities and particulate matter from emissions to
prevent their release into the atmosphere.

4.Low Nitrogen Oxide (NOx) Burners: Reduce the
creation of NOx, a cause of ground- level ozone, by
restricting oxygen and manipulating the combustion
process. Low NOx burners are now on 75 percent of
existing coal power plants.

S5.Selective Catalytic Reduction (SCR): Achieves
NOx reductions of 80-90 percent or more and is
deployed on approximately 30 percent of U.S. coal
plants.

6.Electrostatic Precipitators: Remove particulates
from emissions by electrically charging particles and
then capturing them on collection plates. One of the
most promising options for achieving almost zero
CO2 emissions in the future use of coal. This offers
potential for large-scale reductions in CO2 emissions.
Commercial application in power plants not yet
feasible due to cost implication of scaling them up for
this purpose and energy intensiveness of technology.
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COALS AS ENERGY RESOURCE FOR
INDUSTRIALIZATION

The IEA has estimated that over the next 30 years,
global energy demand will increase by almost 60%
and two-thirds of this increase will come from
developing countries. To satisfy this huge global
energy demand projection and maintain a secure
energy system all forms of energy sources, coal
inclusive, will be needed. Coal as an important fuel
for electricity generation and a vital input in steel
production, will have a major role to play in meeting
future global energy needs.

TABLE 4.0: WORLD ELECTRICITY
GENERATION STATISTICS
Total World Electricity Generation (% by fuel,
Projected for 2030)
Coal 38%
Gas 30%
Hydro 13%
Nuclear 9%
Others 6%
QOil 4%
Others Includes Geothermal, solar, wind, combustible & waste

Source: World Coal Institute, 2007

TABLE 4.1: ENERGY RESOURCES OF
NIGERIA
S/No| Resource Type Reserves (Natural Units)
1 Light Crude Oil 37.2 billion barrels
2 Natural Gas 180.57 trillion SCF
3 Coal and Lignite 2.734 billion tones
4 Tar sands 31 billion barrels of oil
equivalent
5 Large Hydropower 11,250MW
6 Small Hydropower 3,500MW
7 Solar Radiation 3.5 — 7.0 kWh/m?/day
(485.1 million
MWh/day using 0.1%
Nigeria land area)
8 Wind (2-4) m/s at 10m height
9 Biomas | Fuelwood 11 million hectares of forest
and
woodland
Animal waste 245 million assorted animals|
Energy 72 million hectares of Agric.
Cops and Land and waste lands
Agric
Residue
10 Nuclear Element Not yet quantifield

Source: OPEC, ECN (2010)

Of the energy resources tabulated in table 4.1 above,
only Petroleum, Gas (mostly associated), Hydro and
Biomass (mostly Fuel wood) are being utilized to an
appreciable extent in the country. To a limited extent,
solar energy is also utilized. Deployments of some of
the other resources (Nuclear, Wind, Tar sands etc.)
are limited by technical considerations and other
factors. Most disquieting is Coal, which is virtually
excluded from the country‘s energy scene despite its
huge abundance in the country and the respectable
role it has played in the past. To guarantee
sustainable industrial growth, we must encourage the
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utilization of all forms of energy resources in the
country, coal inclusive.

CONCLUSION

It is clearly evident that crude oil cannot and will not
sustain us for a very long time and it will be the ruin
of Nigeria if will continue to depend on it for our
source of power generation. Today, many countries
are getting their power from coal and this will source
of generating power will be the most used by the year
2030. It is high time the Nigerian government make
use of other power generation sources that is very
good and easy to manage if the vision 2020 for a
better economy will be actualized. Coal as one of the
best available option for us in power generation
sources must be utilized to a greater extent. It is my
opinion that the government can make this a reality
by;

1. Providing adequate incentives to attract
investments in the coal sector and enforce all
environmental protection laws associated with
operations in this sector.

2. Re-introducing coal into the country‘s power
generation mix, especially with clean coal
technologies and extending its utilization for
producing cement, iron and steel, liquid fuels,
chemicals, smokeless briquettes etc.

3. Creating awareness for the use of smokeless coal
briquettes as alternative to fuel wood and provide
adequate incentives for large scale production of coal
stoves at affordable prices.

4. Systematic investigation of all Nigeria coal
samples and the storage of all research results in an
appropriate electronic and readily accessible data
bank

5. Ensuring the passage of both the National Energy
Policy and the National Energy Master plan into law
by an act of the national assembly.
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