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Abstract 

An analysis of clean coal technologies for the recovery of energy from Nigerian coals was 

carried out. The coal mines studied are Onyeama, Ogwashi, Ezimo, Inyi, Amasiodo, Okaba, 

Lafia-Obi, Owukpa Owukpa, Ogboyoga and Okpara. The estimated reserves of the ten coal  

deposit amount to 2.1 Gt, which is about 84 % of the total  coal reserves of the country 2.5 Gt 

of coal Nigeria. The key clean coal technologies studied are Ultra-Supercritical Combustion 

(USC), Supercritical-Fluidised Bed Combustion (FBC), Integrated Gasification Combined 

Cycle (IGCC) and Coal bed Methane (CBM) and the results were compared with conventional 

subcritical pulverised fuel combustion (PF).  The total potential  energy recovery from these 

technologies are: PF 5800 TWh, FBC 7250 TWh, IGCC 7618 TWh, and USC 8519 TWh. This 

indicates an increase of about 31% in the total  electricity generation if USC technology is used 

instead of the conventional sub-critical PF technology. About 39% of the total electricity 

generation of 8519 TWh from USC could come from Amasiodo coal deposit, making it the 

highest contributor to the total power generation. Inyi coal had a contribution of ~ 1.5% making 

it the lowest contributor. The lowest CO2 emission factor was from Onyeama coal and was 

reduced from 1.0 kg CO2/kWh in PF to 0.68 kg CO2/kWh in USC. Oghwashi coal had the 

lowest energy and highest emission factor. There will be a need for the coal 

upgrading/beneficiation for optimal energy recovery.   
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1 Introduction 

 Nigeria has estimated coal reserves of 2.5 Gt [1]. About 90% of the coal reserves are sub-

bituminous and bituminous coals with the remainder being of lignite rank [2]. These coal 

reserves are located in the Lower, Middle and Upper Benue Trough. Lignite and Sub-

bituminous coals are mainly found in the Lower and Upper Trough and high–volatile 

bituminous coals in the Middle Trough [3].  Some of the notable coal mines in the Lower 

Trough include Onyeama and Okaba and Lafia-Obi for the Middle Trough. All in all, there are 

about 23 coal mines in Nigeria [1], some of which are currently not in operation[4]. 

Previously, coal was mainly used to power trains and also for electricity generation [5]. The 

peak of production and consumption was in the  late 1950s when the production was about 

800,000 t per year, the  domestic consumption was  about 700,000 t per year and the remainder 

was exported [5]. The Nigeria Railway Corporation consumed about 50%  and the Electricity 

Corporation of Nigeria (ECN) consumed about 20% of the total coal produced. The remaining 

local coal production was consumed by the shipping industry and government agencies and 

other users [5]. 

The replacement of coal with diesel in the powering of the trains and with gas and hydro for 

electricity generation led to a drastic drop in coal production and utilisation. This led  to the 

closure of  the  two coal power stations in Nigeria, namely the Oji coal power station in Enugu 

and Ijora power station in Lagos [5-6]. The present production and utilisation of coal  in Nigeria 

is very low [7-8]. Coal is mainly used as a heat source in cement production. Other industries 

that use coal as heat source are the brick factories and bakeries [9]. 

The present electricity generation  in Nigeria fluctuates between 2687 MW and 4200 MW 

while the estimated  peak demand is 12800 MW[10]. This results in a 67-79% electricity 

deficit. The government plans to increase its generating capacity to 40000 MW in 2020. 

According to the Nigerian government power growth plan, coal is projected to contribute about 

6% of the 40 GW target in 2020 [11]. Some of the planned coal power plants will be in Enugu 

(1600 MW), Kogi (1000 MW) and  Benue (1200 MW) [4, 11]. The coal sources for the planned 

power stations are located at Enugu (Ezinmo, Inyi),  Kogi (Okaba, Ogboyoga), and Benue 

(Orukpa) [4].  

The technology to be applied in the proposed power plants has not been finalised. There is a 

need to use technologies that promote high efficiency. According to a report by the World Coal 



Associaion (WCA) on accelerating coal power efficiency, a 1% increase in coal-fired plant 

efficiency can lead to 2-3% decrease in emissions [12]. This is illustrated in Figure 1. 

 

Figure 1: Reduction of emissions through efficiency improvements [13-14]. 

Higher efficiency and low emission(HELE) coal plants are key components of clean coal 

technologies (CCT) [15-16]. CCT are technologies that allow the power generation industry to 

cleanly and efficiently use coal as an energy source [16]. Some of the notable clean coal 

technologies are Ultra-Supercritical Pulverised Fuel Combustion (USC), Fluidised Bed 

Combustion (FBC), Integrated Gasification Combined Cycle (IGCC), and Coal Bed Methane 

Technology (CBM) [17-19]. These clean coal technologies (USC, IGCC, FBC and CBM)  and 

the conventional Subcritical Pulverised Fuel Technology (PF) can be applied in the recovery 

of energy from the coal reserves in Nigeria. USC, FBC, IGCC  and PF are primarily ex-situ 

technologies that involve the mining of coal followed by combustion or gasification for energy 

recovery, CBM is an in-situ technology that involves the  recovery of  methane gas from coal 

seams prior to the mining of the coal. The  methane gas can then be used in a gas turbine for  

electricity generation [20-21]. The recovery of the methane can also help in the mitigation of 

the emission of the methane in the coal mine and the fire hazards associated with the release of 

entrapped methane during mining and thereby increasing the safety of the miners [22].   
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The evaluation of the use of advanced clean coal technologies such as USC, FBC, IGGC and 

CBM on the recovery of energy and emissions reduction from Nigerian coal reserves has not 

been  carried out in detail. 

Sambo [23] reported that  about 3,500 MW of electricity can be generated from  coal deposits 

in Orupka and Ezimo coals in Benue State without specifying the type of coal power 

technology. Chukwu [24] reported that coals from five coal  mines  (Odagbo, Owukpa, Ezimo, 

Amansiodo and Inyi) are suitable for power generation using pulverised fuel technology and 

fluidised bed technology based on their coal properties. 

Amoo [25] also reported that Lafia-Obi coal can be used for electricity generation using  

fluidised bed technology. He evaluated the fluidised bed properties of Lafia-Obi  under air and 

oxy-combustion conditions using a CFD model. 

Adeyinka [26]  reported on the gasification properties of a Nigeria bituminous coal, but there 

was no mention of the evaluation of power production through an Integrated Gasification 

Combined Cycle (IGCC) process for the  particular coal.   

This study aims to evaluate the coal consumption rate, emission factor and total energy 

recovery for USC, FBC, IGGC and CBM technologies and compare them with those from a 

conventional low efficiency subcritical pulverised fuel (PF) for several coals from ten  different 

coal mines in Nigeria, namely Onyeama, Ogwashi, Ezimo, Inyi, Amasiodo, Okaba, Lafia-Obi, 

Owukpa Owukpa, Ogboyoga and Okpara.  The estimated reserves of these  coal mines are  

2.1Gt, i.e.. about 84% of the total estimated reserves of the 2.5 Gt of coal.  The coal mines are 

open cast (surface mining) and underground [1]. An overview of the mines is presented in 

Table 1. The proximate and ultimate analyses of the  different coals is presented in Table 2 and  

are obtained from the literature[27-31]. 

 

 

 

 

Table 1: Overview of the selected  coal mines [1] 



Mine Coal Rank Estimated 
Reserves (Million 
Tonnes) 

Depth of 
Coal 
(m) 

Mining Methods 

Onyeama Sub-bituminous 150 180 Underground 
Ogwashi Lignite 250 15-100 Open Cast and 

Underground 
Ezimo Sub-bituminous 156 30-45 Open Cast and 

Underground 
Inyi Sub-bituminous 50 25-78 Open Cast and 

Underground 
Amasiodo Bituminous 1000 563 Underground 
Okaba Sub-bituminous 250 20-100 Open Cast and 

Underground 
Lafia-Obi Bituminous 156 80 Underground 
Owukpa Sub-bituminous 75 20-100 Open Cast and 

Underground 
Ogboyoga Sub-bituminous 427 20-100 Open Cast and 

Underground 
Okpara Sub-bituminous 100 180 Underground 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 : Proximate and Ultimate analysis analysis of  the coal from the  selected mines 



Coal  Mines Moisture 

% 

Volatile 

Matter 

% 

Ash 

% 

Fixed 

Carbon 

% 

Calorifi

c Value 

MJ/kg  

C 

% 

H 

% 

N 

% 

S 

% 

O 

% 

Onyeama 

[26,30] 

3.03 35 13.4 48.6 33.3 75.8 5.3 1.9 0.5 16.8 

Ogwashi[8] 23.2 27.8 5.2 43.8 16.7 64.3 6.5 1.1 4.3 23.7 

Ezimo[23] 7 32 23 38 21 77.4 6.3 1.7 0.8 13.7 

Inyi[23] 4 30 30 36 19 74.9 6.4 1.9 0.9 16.1 

Amasiodo 

[23] 

5 38 9 48 28 77.8 6.5 1.8 1.1 12.7 

Okaba[30] 7.1 46.3 6.1 40.6 30.3 73.7 5.9 1.8 0.5 18 

Lafia-Obi 

[24] 

2.9 27.2 18.6 51.3 23.7 82 5.7 2.0 3.0 7.3 

Owukpa 

[23] 

12 39 3 46 27 79.6 6.9 1.7 0.7 11.1 

Ogboyoga 

[28] 

6.9 30.4 8.63 54.3 32.5 78.9 4.1 1.2 0.6 6.6 

Okpara 

[6,31] 

7.5 38.3 8.4 45.4 27.8 79.1 6.1 2.0 0.1 11.5 

 

The potential energy recovery, emission factors and overall efficiency for PF, USC, FBC, 

IGGC, were evaluated as follows: 

The overall efficiency is a function of the technology, thus : PF is 28-32%, USC is 45-47 %, 

FBC 35-40% and IGCC is  between 35- 42% [18]. In this study, we used the maximum value 

for each of these technologies. 

Heat Rate required to produce one 1 kW = 3600 kJ/hr /Overall efficiency……………1  

Coal energy generation rate = Heat rate/ Heating value of the coal (HV) MJ/kg………2 

Total Energy recovery= Total coal reserves xCoal energy generation rate…………….3 

CO2 Emission factor= Carbon Content x Combustion efficiencyx 44/12x1/HV……4 



Combustion efficiency for the different coals was derived from their fuel ratios. A lower fuel 

ratio would result in a higher combustion efficiency [32].  The combustion efficiency for all 

the coals was in the  range of 0.88- 0.96 

For the CBM technology, the total energy recovery is  derived by multiplying the volume of 

methane  in the coal mines and the energy density by  the volume of Methane. The energy 

density by volume of Methane is 9.8 kWh/m3 [33]. 

The volume of the methane gas in the  coal mines was evaluated by Kim correlation [34], and 

it is expressed as a function of  the coal properties such as  the fixed carbon, volatile matter, 

ash yield and moisture.  The volume of methane gas in the coal mines is a function of the depth 

of the coal seam. The volume of methane gas in the coal mines can be calculated by using 

Equation 6 [19]. 
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Vgas  is the  volume of methane capacity of the mine, h is the depth of the mine, M: moisture, 

A; ash yield , Vm  is  the volume of wet coal and Vd is the volume of dry coal. The volume ratio 

Vm/Vd is the adsorption capacity of the methane gas in the coal mine/seam and is  related to  

moisture of the coal and is given in Equation 7 [19]. 
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The CO2 sequestration potential from the recovery of methane gas from coal seams is given by 

equation 10. 
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3.0 Results and Discussion 

3.1 Energy recovery and emission factor  for PF, USC, FBC  and IGCC for the different 
Coal Mines 

The coal consumption rate for PF, USC, FBC and IGCC for the different coal mines is 

presented in Figure 1. The coal consumption rate for PF, USC, FBC and IGCC for the different 

coal mines was in the range of 0.25-0.8 kg coal/kWh electricity. The coal consumption ratio  

(kg Coal/kWh) between PF and USC, FBC and IGCC are; 1.45, 1.25 and 1.31, respectively, 

for all the coals. This indicates that USC would have the highest overall efficiency, followed 

by IGCC and FBC, while PF would have the lowest overall efficiency. In terms of the ten coal 

samples studied, Onyeama coal had the highest combustion efficiency in PF, USC, FBC and 

IGCC, followed by Ogboyoga and Okaba. Okpara, Amasiodo and Owukpa had the third 

highest combustion efficiency and Ezimo and Lafia-Obi had the fourth highest efficiency.  Inyi  

had the fifth highest overall efficiency and Ogawashi had the lowest combustion efficiency. 

An interesting observation is that the lowest electricity generation rate for Onyeama which was 

in PF would still be higher than the highest electricity generation rate for Oghwashi, Inyi, 

Ezimo and Lafia-Obi coals which was in USC. Secondly, the  lowest electricity generation rate 

for Ogboyoga and Okaba which was in PF would still be higher than the  highest electricity 

generation rate for Oghwashi and Inyi which would be in USC. Lastly, the lowest electricity 

generation rate for Okapra, Amasiodo and Owukpa which was in PF would still be higher than 

the  highest efficiency for Oghwashi which would be in USC. This indicates that the use of 

high efficiency technology such as USC, FBC, and IGCC would not be adequate enough for 

the optimal recovery of energy from Oghwashi coal. There would be a need for the 

upgrading/beneficiation of the coal for enhanced energy recovery. Presently, it has a  high 

moisture of  23%  and low CV of 16.7 MJ/kg. 



 

Figure 1: Energy generation rate for the different coal mines 

The emission factors for PF, USC, FBC and IGCC for the different coal mines are presented 

in Figure 2. As expected, PF had the highest emission factor because of its low efficiency and 

would be in the range of 1-1.8 kg CO2/kWh for the different coals. USC had the lowest 

emission factor and was in the range of 0.70-1.2 kg CO2/kWh. The highest emission factor 

were in Ogwashi and Inyi coals. The emission factor for these coals reduced from 1.8 Kg 

CO2/kWh  in PF to 1.2 kg CO2/kWh in USC. The lowest emission factor was in Onyeama. This 

was  reduced from 1.0 kg CO2/KWh in PF to 0.70 kg CO2/kWh.  This indicates a 30 % 

reduction in the  emission factor. Similar results were obtained for the other coals. The emission 

factor was reduced from 1.1 kg CO2/kWh in PF to 0.71 in USC for Okaba  coal,  from 1.1 kg 

CO2/kWh in PF to 0.76 in USC for Ogboyoga  coal, from 1.1 kg CO2/kWh in PF to 0.71 in 

USC from 1.3 kg CO2/kWh in PF to 0.86 in USC for Okpara,  Amasido and Owukpa coals. 

Lastly the emission factor was reduced from 1.6 kg CO2/kWh in PF to 1.1 in USC for Ezimo 

and Lafia-Obi coals. 
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Figure 2 Emission factor for the different coal mines 

The total energy recovery for PF, USC, FBC  and IGCC for the different coal mines is presented 

in Figure 3. As expected the highest total energy  recovery for each coal was from USC  because 

it had the highest overall efficiency, and the lowest total energy recovery was from PF for all 

the coals. The estimated total potential energy recovery from the USC plants for the ten coal 

mines is about 8519TWh and 5800 TWh from the PF plants. This indicates that an increase of 

~32% in the total energy recovery if USC is applied instead of PF technology in the coal power 

plant.  It would increase by 20%  in FBC and 23 % in IGCC power plants. The total potential 

energy recovery for the FBC technology for the ten coal mines is 7250 TWh and 7618 TWh 

for the IGCC technology.  

In terms of the coal samples, the highest energy recovery was from Amasiodo coal mines. 

About 39% of the total electricity generation of 8519TWh from USC, would come from 

Amasiodo coal mines because it has the highest coal reserve and which is 1Gt. The  lowest 

fraction (1.4%) of the  total energy recovery would be from Inyi coal mine and it has the lowest 

coal reserve of out of the ten coal mines and it is 50 Mt. Although Onyeama coal mine has a 

lower coal reserve of 150 Mt  than Ogwashi coal mine which has 250Mt, it has a higher energy 

recovery than Ogwashi coal mine. This is obvious as the total energy recovery is a function of 

the electricity generation rate and the amount of coal reserves.  
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The contribution of each of the coal mines to the total energy recovery from USC is presented 

in Figure 4. Similar results were obtained for PF, FBC and IGCC for the coal mines. 

 

Figure 3 Potential total energy recovery  for the different coal minesand the different 
power generation technologies (PF,FBC,IGCC and USC) 
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Figure 4 Contribution of each of the coal mines to the potential total energy recovery in 
applying USC technology 

 

3.2 Energy Recovery from Coal bed Methane Technology 

The recovery of methane from coal mines is a key step in the generation of energy in coalbed 

methane technology. The methane recovered can be used in gas turbines for electricity 

generation. The methane generation rates for the different coal mines are in the range of 1-8 

cm3/g and (Figure 5). Amasido coal  has the highest methane generation rate followed by 

Onyeama, Lafia-Obi, Okpara, Ogboyoga, Amasiodo, Inyi, Okaba, Owukpa, Ezimo and lastly 

the Ogwashi coal mine. The difference in the methane generation rate can be attributed to the 

difference in  the coal properties. Prabu and Mallick [19] reported that high ash yield and high 

moisture in coal can result in low methane gas content. Other properties such as a high fixed 

carbon and volatile matter in coal  can result in high methane gas content. Kim [34] developed 

a correlation that relates ash yield, moisture, fixed carbon and volatile matter content of coal 

and the  depth of a coal seam to the capacity of the methane gas in the coal seam. The use of 

this correlation in the estimation of methane gas in coal seams has been reported to be close to 

experimental values for some coal seams in India [19]. The correlation was used in this study 

that high methane generation rate such as from Amasido and Onyeama coals  have high fixed 
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carbon and volatile matter yield and low ash  yield and moisture. While coal samples with low 

methane generation rate such as Ogwashi and Ezimo have high moisture and ash yield.  

The potential energy from Coal Bed Methane (CBM) was evaluated by multiplying the 

methane generation rate of each coal seam with the coal reserves and the product was 

multiplied  with the methane energy density of 9.8 kWh/m3 [33]. The results are presented in 

Figure 6.  The Amasiodo coal had the highest potential energy recovery of 81 TWh due to the 

highest methane generation rate and the largest coal reserves of 1Gt. On the contrary, Inyi had 

the lowest potential energy recovery of 1.9 TWh because it had the lowest coal reserves of 50 

Mt. Owukpa also had a low energy recovery of 2.0 TWh because of its low coal reserves of 75 

Mt. On the other hand, Ogwashi had a lower energy recovery of 3.8 TWh even with a relatively 

high coal reserve of 250 Mt when compared to Onyeama coal with a coal reserve of 150 Mt 

and a potential energy recovery of 11TWh. The reason is the very low methane  generation rate 

of Ogwashi coal.  

The total potential energy recovery from CBM for all the coals is  about 142TWh. The results 

showed that energy recovery from CBM is lower than PF (5800 TWh), FBC (7250 TWh), 

IGCC (7618 TWh) and USC (8519 TWh).  

  

Figure 5: Methane generation rate for the different coal mines 
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Figure 6: Potential total energy recovery from the different coal mines in CBM 

 

The proportion of the potential  total energy recovery from CBM  for the different coal mines 

is presented Figure 7. Similar trends were observed for the ex-situ technologies such as PF, 

USC, FBC and IGCC  as well as for CBM  an in-situ technology. Amasiodo coal provides the 

highest energy recovery, while Inyi provides the lowest energy recovery. However, the 

percentage increased from 39% in PF, USC, FBC and IGCC to 58% in CBM  for Amasiodo 

coal while  in Inyi coal,  it reduced only marginally from 1.4% in PF, USC, FBC and IGCC to 

1.3% in the CBM technology. The fraction of the  contribution of the Onyeama coal to the  

total potential energy recovery was now higher than Okaba in CBM when compared to the ; 

PF, USC, FBC and IGCC technologies. This indicates that the fraction of  the contribution of 

each coal to the total potential energy recovery would be different. It could  either be higher  in 

ex-situ technologies (PF, USC, FBC and IGCC)  or lower in in-situ technologies (CBM) and 

the same in both.  
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Figure 7 Contribution of each of the coal mines to the potential total energy recovery in 
applying CBM technology 

 

The emission factor for CBM would be lower than those of PF, USC, FBC and IGCC. 

According to the  Intergovernmental panel of Climate Change (IPCC), from the  lifecycle 

assessment of  greenhouse gas emissions from electricity, the emission factor for  natural gas  

is 469g CO2/kWh. This is lesser than the lowest emission estimated for USC 688g CO2 / kWh, 

and 770 g CO2/ kWh for IGCC, 808 g CO2/kwh for FBC and 1200 g CO2/kwh   for PF. 

There is further opportunity for CO2 emission reduction in CBM technology,  as CO2 can be 

sequestered in the coal seam [35-37]. CO2 is normally used in the recovery of methane from 

coal seam prior to mining. In the methane  recovery process from coal seams, CO2 is used as 

an enhancer for methane desorption . Firstly, there is the adsorption of CO2 to the coal bed and 

then the methane desorption from the coal bed [38]. The potential CO2 entrapment in the ten 

coal mines studied is presented in Figure 8. The total CO2 sequestration potential for the ten 

mines is ~55 Mt and Amasiodo coal mine displaying the highest sequestration  capacity of 31 

Mt and Inyi coal has the lowest capacity with 5Mt.  
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Figure 8: CO2 sequestration potential for the different coal mines  

 

4. Implications of the results 

According to the Nigerian government power growth plan, coal is projected to contribute ~6% 

of the 40 GW (2.4GW) target in 2020 [10]. Based on the results obtained and using a power  

plant capacity factor of 85%  and a plant life of 30 years, the potential energy recovery from  

USC, IGCC, FBC and PF, would be greater than the target generation of 2.4 GW from coal by 

the year 2020. USC will produce 38GW, IGCC  34GW,  FBC, 33GW and PF  26 GW. For the 

CBM technology a generating capacity of 2.4 GW  would only be achieved  for 8 years. 

The average emission factor for CBM (469g CO2 / kWh)  is lower than for all other 

technologies  . The average estimated emission for USC is 688g CO2 / kWh,  for IGCC, 770 g 

CO2/ kWh for FBC 808 g CO2/kwh and for PF 1200 g g CO2/kwh. This has an implication in 

terms of project financing. The eligibility of  a coal power plant for capital expenditure funding 

is related to the emission factor. According to the OECD,  for a coal fired power plant with an 

installed capacity greater than 500MW[38],  to be eligible for funding, the emission factor  

should be  < 750g CO2/kWh and the maximum time span  for repayment is 12 years. Only two 

of the ten selected coals meet the emission criteria of < 750g CO2/kWh  and this only with USC 
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coal plants. They are Onyeama (688g CO2 /kWh) and Okaba (711 g CO2/kWh). The other eight 

coals emission factors in a USC plant are higher than 750g CO2/kWh. Sub critical PF coal 

plants are not eligible for funding, hence USC technology needed to be considered for coal 

power plants in Nigeria.  

 

5. Conclusions 

An analysis of the effect of clean coal technology on energy recovery and emission reduction 

was investigated for selected coal mines in Nigeria, namely  these are Onyeama, Ogwashi, 

Ezimo, Inyi, Amasiodo, Okaba, Lafia-Obi, Owukpa Owukpa, Ogboyoga and Okpara. The 

estimated total reserves of the ten mines amount to 2.1 Gt which is ~84 % of Nigeria’s total 

reserves of the 2.5Gt. The key clean coal technologies studied are Ultra-supercritical Pulverised 

Fuel Combustion  (USC), Supercitical Fluidised Bed Combustion (FBC), Integrated  

Gasification Combined Cycle (IGGC) and Coal bed Methane (CBM) and the results were 

compared with that of conventional  subcritical pulverised fuel (PF).  The total potential energy 

recoveries are  PF 5800 TWh, FBC 7250 TWh, IGCC 7618 TWh, USC 8519 TWh. This 

indicates an increase of ~31% in the total energy recovery if USC technology is used instead 

of the conventional PF. About 39% of the total electricity generation of 8178 TWh from USC 

would come from Amasiodo coal mine making it the highest source of the energy generation 

and Inyi coal had the lowest  source of energy generation (1.5%). The lowest emission factor 

was for Onyeama coal and was reduced  from1.0 kg CO2/kWh in PF to 0.68 kg CO2/kWh in 

USC. Oghwashi coal had the lowest emission factor; there would be a need for 

upgrading/beneficiation of Oghwashi coal for optimal energy recovery.  

The total  energy generation potential  from CBM is 142 TWh and is lower than the total  energy 

generation potential  ofconventional PF technology of 5565 TWh. Amaisodo coal also 

accounted for the highest share of total potential electricity generation in CBM  although it now 

accounts for 56% as against 39% in PF, FBC, IGCC and USC.  Inyi coal had the  lowest 

contribution  to the total potential electricity generation in PF, USC, FBC and IGCC and  CBM. 

It was 1.4%  in PF, USC, FBC, IGCC  and 1.3% in    

Amasiodo coal had the higest contribution  to the total potential energy generation in PF, USC, 

FBC and IGCC and  CBM. It was 39 %  in PF, USC, FBC, IGCC  and 58%  CBM. 



Another interesting finding is that Onyeama coal would have a higher contribution  to the total 

energy generation than Okaba in CBM  and this was not the case in PF, USC, FBC and IGCC. 

This indicates that the fraction of contribution of each coal to the total potential energy recovery 

would be different. It could  either be higher  in ex-situ technologies (PF, USC, FBC and IGCC)  

or lower in the  in-situ technologies (CBM) and the same in both.  

The emission factor for CBM is lower than those of PF,  USC, FBC and IGCC. CBM to power 

generation is 469g CO2/kWh, verses  USC - 697g CO2 kWh, IGCC -779 g CO2/kWh, FBC- 

819 g CO2/kwh  and PF 1023 g CO2/Kwh  . There is also a further opportunity for CO2 emission 

reduction in CBM technology. A total of 54 Mt of  CO2 can be sequestrated in the coal mines 

during the recovery of methane from the coal seams.   

 

Acknowdlegment  

The authors would like to  thank the National Research foundation (NRF) of South  Africa  

for the mobility grant  of African Interactions-  KIC 1503201156 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 



References  

[1] Summary of Coal Industry in  

https://www3.epa.gov/cmop/docs/cmm_country_profiles/Toolsres_coal_overview_ch24.pdf 

(Accessed April 2016) 

[2] Akande SO,  Hoffknecht A,  Erdtmann BD Rank and petrographic composition of selected 

upper cretaceous and tertiary coals of Southern Nigeria. International Journal of Coal Geology 

1992:20:209-222 
[3] Fatoye FB,   Gideon  YB,  Appraisal of the Economic Geology of Nigerian Coal Resources. 

Journal of Environment and Earth Science 2013; 3: 25-31 

[4] Ohimain EI Can Nigeria generate 30% of her electricity from coal by 2015? International 

Journal of Energy and  Power Engineering 2014:3 :28-37. 

[5] Ahazeum JO,  The Nigerian coal industry and the dilemma of a shrinking market for coal. 

Transafrican Journal of History 1988:17: 139-151 

[6] EZIUKWU EN Nigerian coal power stations: Their future in the light of global warming ( 

Master‟s thesis) Potchefstroom campus of the North-West University, South Africa 

file:///C:/Users/BOboirien/Downloads/eziukwu_emeniken(1).pdf  ( Accessed April 2016) 

[7] Odesola IF,  Samuel E, Olugasa T,  Coal development in Nigeria: prospects and challenges. 

International Journal of Engineering and Applied Sciences  2013:4: 64-73 

[8]Ogala J, Siavalas G, Christanis K,  Coal petrography, mineralogy and geochemistry of 

lignite samples  from the Ogwashi-Asaba Formation, Nigeria. Journal of African Earth 

Sceinces:66-67: 35-45 

[9] Nasir A, Mohammed SN, Mohammed A, Performance of Enugu Sub-Bituminous Coal in 

Fluidized Bed Combustor. Proceedings  of the World Congress on Engineering 2015 Vol II 

WCE 2015, July 1 - 3, 2015, London, U.K.  

http://www.iaeng.org/publication/WCE2015/WCE2015_pp1102-1106.pdf (Accessed June 

2016) 

[10] Power Statics  in Nigeria http://www.power.gov.ng/(Accessed April 2016) 

 



[11] Investment opportunities in the Nigerian power sector 

http://www.power.gov.ng/download/Investment%20Opportunities%20in%20the%20Nigerian

%20Power%20Sector.pdf (Accessed April 2016) 

[12] World Coal Association (WCA). A global platform for accelerating coal  efficiency 

http://www.worldcoal.org/reducing-co2-emissions/platform-accelerating-coal-efficiency 

(Accessed  June 2016). 

[13] Stepcyn’ska-Drygas K, Lukowicz H,  Dykas S,  Calculation of an advanced ultra-

supercitical power unit with CO2 installation . Energy Conversion and Management 2013: 

74:201-208 

[14] Chen W, Xu R, Clean coal technology development in China. Energy Policy 

2010:382123-2130. 

[15] Zhao G, Chen, Greenhouse  gas emissions reduction in China by Cleaner coal technology 

towards 2020. Energy Strategy Reviews 2015:7:63-70. 

[16] Bedzek RH, Wendling RM, The return on investment of the clean coal technology 

program in the USA. Energy Policy 2013:54:104-112. 

[17] Beer JM. Combustion technologies developments in response to environmental 

challenges. Progress Energy Combustion Science 2000:26:301-327. 

[18] Franco A, Diaz AR, The future challenges for  “ clean coal technologies” Joining 

efficiency increase and pollutant emission control. Energy: 2009 :34:348-354 

[19] Prabu V,  Mallick N, Coalbed  methane with CO2 sequestration : An  emerging clean coal 

technology in India. Renewable and Sustainble Energy Reviews:2015 50: 229-244 

 [20] Karakurt I, Aydin G, Aydiner K. Mine ventilation air methane as a sustainable source of 

energy source. Renewable and Sustainble Energy Reviews:2011 15: 1042-1049. 

[21] Sarhosis V, Jaya AA , Thomas HR , Economic modelling for coal bed methane production 

and electricity generation from deep virgin coal seams. Energy 2016: 107:580-594. 

[22] Narayanan TM, Ohmura R, Influence of hydrate structure on continuous separation of 

coal bed methane gas: A thermodynamic simulation study. Journal of Natural Gas Science and 

Engineering 2016 



 [23] Sambo A.S, Prospects of Coal for Power generation in Nigeria, Paper presented on 

International workshop on Promotion of Coal for power generation, April, 2009   

[24] Chukwu M Characterization of some Nigerian coals for power generation (Master Thesis 

Ahmadu Bello university Zaria, Nigeria 

http://kubanni.abu.edu.ng:8080/jspui/handle/123456789/7215 (Accessed April 2016) 

[25] Amoo LM  Computational fluid dynamics simulation of Lafia-Obi bituminous coal in a 

fluidised bed chamber for air and oxy-fuel combustion.Fuel: 2015: 140: 178-191. 

[26] Adeyinka JS, Akinbode FO Gasification of Nigeria bituminous coal in shallow bed Indian 

Journal of Engineering Material Science: 2002:9:177-180.  

[27] Chukwu CJ, Obasi NA, Jauro A, Ezeribe AI, Nwachukwu CB, Putshaka JD, Physical and 

plastic properties of three Nigerian coals. Asian Journal of Material Science 2012:4: 45-51. 

[28] Ewa IOB, Data  evaluation of trace elements in Nigerian Coal using cluster procedures. 

Applied Radiation Isotopes 2004: 60: 751-758. 

 

[29] Adekunle JO, Ibrahim JS, Kucha EI, Proximate and ultimate analyses of biocoal briquettes 

of Nigerian’s Ogboyaga and Okaba Sub-bituminous  coal. British Journal of Applied Science 

& Technology 2015:7:114-123 

 

[30] Sonibare OO,  Haeger T, Foley ST, Structural characterisation of Nigerian coals by X-ray 

diffraction, Raman and FTIR spectroscopy. Energy 2010:35:5347-5353. 

 

[31] Borishade AB,. Hanan, AHMA,  Kehinde IO,  Oluwole  AF , Oshin O, Elemental 

composition of Nigerian coals. Energy:10:3-39 

 

[32] Basu P, Circulating Fluidized Bed Boilers: Design, Operation and Maintenance  Springer  

2015: Page 112 

[33] Biomass Centre: Types of Calorific value of fuels 

http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,20041&_dad=portal  ( 

Accessed April 2016) 



[34] Kimm AG, Estimating  methane content of bituminous coalbeds from adsorption data 

[Washigton] : 1977 US. Dept of the Interior. Bureau of Mines. 

http://www.cdc.gov/niosh/mining/userfiles/works/pdfs/ri8245.pdf (Acccessed April 2016) 

[35]  Yu H, Zhou G, Fan W, Ye J. Predicted CO2 enhanced coalbed methane recovery and CO2 

sequestration in China. International Journal of Coal Geology: 2007:71:345-357 

[36]Ross HE, Hagan P, Zoback MD CO2 storage and enhanced coalbed methane recovery: 

reservoir characterisation and fluid flow simulations of the Big George coal, Powder River 

Basin, Wyoming, USA . International Journal of Greenhouse of Gas Control 2009:3:773-786. 

[37] Syed A, Ducan S, Shi J, Korre A. Flue gas injection for CO2 staorage and enhanced  

coalbed methane recovery: mixed gas adsorption and swelling characteristics of coals Energy 

Procedia 2013:37:6738-6745. 

[38] Yamazaki T, Aso K, Chinju J, Japanese potential of CO2 sequestration in coal seams. 

Applied Energy 2006:83:911-920 

[39] Organisation for Economic Co-operation and Development 
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&cote=t
ad/pg (Acccessed April 2016) 

 


