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Abstract
Of all the fossil fuel sources, Coal Bed Methane (CBM) is the least expensive for its energy content. This study 
aimed at assessing the geological factors that may be responsible for gas emplacement in Nigerian coal and syngas 
extraction using a locally fabricated gasification plant. Trace element, sulfur content, XRay diffraction, and Scan 
Electron Microscope analysis of coal samples from Ute and Okaba were carried out to determine geological factors 
such as depositional environment, ineralogy, and pore morphology that affects the emplacement of gas in coals and 
its extraction. The syngas was then extracted from Okaba and Ute coal using the fabricated gasification plant which 
consists of a reactor, water jacket to regulate body temperature, a blower to allow continuous inflow of air, cyclone 
filter to filter the syngas from the impurity, compressor, and a cylinder to collect and store the gas. The coal samples 
were heated to a temperature range of 500 -1000 0C. The value of the V/Ni ratio of the coals ranged from 0.35 to 
3.75 ppm. Also, plots of V/Cr and Ni/Co ratios indicated predominantly oxic conditions during sediment accumu-
lation. The low V/(V+Ni) ratio (0.26- 0.0.79 ppm) also confirmed that the coal samples were deposited under oxic 
conditions. By implication, the sulfur content in the Okaba and Ute coal with the range of 0.85 - 2.33% originated 
from parent plant material deposited in a lacustrine environment. The coal samples contain brittle minerals such 
as quartz and Kaolinitic clay that also allow the creation of natural fractures and could provide induced fractures 
under artificial fracturing force which is conducive to coal gas exploration. The pore and racture diameters observed 
in coal samples from Okaba and Ute are classified as microfracture and macropores, respectively, implying that the 
coal can serve as a reservoir for coal bed methane (CBM) and that the linkage of the fractures and pores results in 
high permeability which in turn will allow the coal to easily release the gas it is storing when heated. The syngas 
extracted from Okaba and Ute coal consists of a mixture of N2, H2, CO2, and CH4 which can either be used upon 
purification for transport, chemicals production, heat, and power generation. It can be deduced that the coal samples 
from the study area (Okaba and Ute) are capable of storing gas which in turn can be extracted and used by gasifica-
tion method which has a minimal environmental effect because the gasification plant reduces CO2 emission by 90% 
as compared with direct combustion of coal.
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Introduction
Crude oil, natural gas, coal, tar sands, biomass, and other renew-
able energy resources such as geothermal, solar, tidal, and wind 
energy, as well as a substantial hydroelectric energy potential, 
make up Nigeria’s energy resources. These resources provide the 
country the chance to prosper with a diverse energy mix. The en-
ergy sector, on the other hand, has not made use of this natural 
resource. The advancement of oil and gas usage and development 
over the last fifty years has given the perception that hydrocarbon 
is the only viable energy medium accessible to the country. This 
has had a negative influence on the complete evaluation and utili-

zation of all of Nigeria’s energy resources. Energy must be created 
from a range of sources to guarantee that Nigerians have a stable 
and resilient energy supply at a reasonable cost. Coal is an organ-
ic sedimentary rock formed from a variety of plant components 
and tissues that were deposited in more or less aquatic environ-
ments [1]. Nigeria’s coal reserves are estimated to be 2.75 billion 
tonnes, with occurrences spread across 13 states [2]. Coal has 
been found in the lower (LBC), middle (MBC), and upper (UBC) 
Benue Troughs [3-7]. The Chad basin, which is stratigraphically 
and structurally linked to the Benue and Anambra basins, is anoth-
er prospective coal-producing region [8]. Garin Maigangu (Bau-
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chi), Afikpo region (Abia), Koton – Karfi (Kogi), Ute (Ondo), and 
many more are smaller occurrences [9, 10]. Coal Exploration and 
exploitation are now underway, notably at the underground mines 
of Okpara and Onyeama. The Okaba surface mine and the Orukpa 
underground mine (in MBC) have been expanded to diversify the 
economy, which is nearly entirely reliant on oil and gas [11, 12]. 
Over the year, coal has received a lot of interest as an alternative 
energy source. However, some geological factors such as paleo 
oxidation condition, depositional environment, pore morphology, 
and mineral content might be responsible for syngas entrapment 
in coal. Direct combustion of coal may result in environmental 
pollution. Hence, the need to examine some properties of some Ni-
gerian coals and their implication on syngas extraction. This study 
is aimed at the examination of geological factors responsible for 
gas emplacement and gasification of coals from Nigeria using a 
locally fabricated plant.

Materials and Methods

Figure 1: Map of Nigeria showing sample location

Figure 2: Lithologic description of Ute coal.

Figure 3: Lithologic description of Okaba coal

Coal samples from Okaba Southeastern Nigeria and Ute South-
western Nigeria (Fig. 1) were collected for this study and the hand 
specimen was studied for trace element, mineralogical, and pore 
morphological analysis and further utilized for syngas extraction 
using a locally fabricated gasification plant. The sample from Ok-
aba was collected from Okaba coal mine belonging to the Lower 
Coal Measure of the Mamu Formation. The lithologic assemblage 
of the Okaba coal is dominated by coal and carbonaceous shale 
(Fig. 3). Samples from Ute belongs to the Abeokuta Formation 
with a lithological assemblage consisting of mainly coal and silt-
stone (Fig. 2) The laboratory analysis involves trace element anal-
ysis, sulphur content analysis, X-ray Diffraction (XRD) analysis, 
and Scanning Electron Microscopy (SEM).

Trace Element Analysis
The weight of crushed samples measured was between 0.1 to 0.2 
g and put into a PTFE digestion container. 2.0 ml of concentrated 
nitric acid (Merck, Germany) was added to each container and al-
lowed to stay overnight. 1.0 ml of 30% hydrogen peroxide (Beijing 
Chemical Company, China) was added and 0.5 ml of hydrofluoric 
acid was later added. The container was placed in a stainless-steel 
bomb and then sealed with a screw closure to avoid leakage and 
placed in an oven. The oven temperature was kept at 1800C for 
10h. After cooling to room temperature, the solution was trans-
ferred into a 25 ml PET bottle and diluted with milli-Q water. Re-
agent blanks were processed simultaneously to deduct the error 
induced by the analytical procedure. The sample solution and the 
blank were analyzed for As, Ba, Se, Pb, Cd, Ni, Cr, Co, Mo, Mn, 
Cu, V, and Zn using inductively coupled plasma-mass spectrom-
etry (ICP-MS Agilent 7500 series, Octopole Reaction System), 
while Hg was determined by an atomic fluorescence spectrometer 
(AFS – AF-620, Beijing Reyleigh Analytical Instrument Compa-
ny, China) after hydride generation. The analysis was duplicated to 
verify the precision of the method of digestion.
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Total Sulfur Content Analysis
The total sulfur was determined following ASTM Standards 
D3177-02. Samples were crushed and sieved to 200 μm. 0.498 
to 0.510 μg was weighed into the sample holder. High sulfur coal 
ashTW-10 was used to balance the equipment (a micro-comput-
erized rapid test instrument for total sulfur manufactured by Hebi 
Huatai Benga Instrument measuring appliances Ltd., China). The 
samples were heated to 1050 OC and total sulfur was recorded. 
The standard reference material was also weighed and tungsten W 
oxide (from Kermel Company Tianjin, China) was added to each 
sample before loading automatically into the machine.

Mineralogical Analysis
The mineralogical phases were determined by powder X-ray dif-
fraction (XRD) and scanning electron microscope (SEM). This 
was used to study the characteristics of the minerals and to deter-
mine the distribution of some elements in the coal.

Procedures for Coal Gasification (Syngas Extraction)
Two runs were made for different coals of Okaba and Ute, at the 
initial stage charcoal is used to provide heat for the burning pur-
pose of coal, and once the burning of coal starts the coal act as a 
burning source for the remaining amount of coal. As a result of 
heat conduction across the gasifier walls, steam is generated in the 
water jacket which is transferred to the gasifier chamber with help 
of the blower, the blower also provides air for burning purposes. 
Due to the chemical reaction of coal and steam, synthetics gas is 
produced which is the combination of many gases, at this stage the 
gas consists of many impurities like water and dust particle. To 
remove these impurities, the gas is passed through a cyclone filter 
which removes the impurities to a significant amount, and at the 
exit of the cyclone filter, the pure synthetics gas is collected into 
a cylinder with the aid of a compressor as shown in Fig. 4a and b.

Figure 4: A. Complete assembly of coal gasification plant prototype. B. Complete assembly of the gasification plant.

Results and Discussion
Geochemistry
The trace element and mineralogical composition of the lithologic 
units are given in Tables 1 and 2 respectively. The coal comprises 
pyrite, amorphous, and clays (Table 4.2). Quartz, copper, and zinc 
are also observed in the SEM result.

Trace Element Concentration
The total concentration of trace elements in coals samples from the 
study area is represented in Table 1. Among all the trace elements 
in the coal samples studied, Ba was the highest (22.68−78.63 ppm), 
followed by Cr (10.92−37.75 ppm), Zn (3.10-24.35 ppm), Ni 
(3.47−27.32 ppm), V (9.68-13.01 ppm), Cu (6.13-7.30 ppm) and 
Pb (3.48-5.15 ppm). The trace elements analyzed can be grouped 

into compatible and incompatible [13]. The compatible trace ele-
ments include Cr, Ni, and Zn while the remaining elements (As, 
Ba, Cd, Co, Cu, Hg, Mn, Pb, Se, Mo, and V) are incompatible.

Paleoredox depositional conditions
Trace element concentrations in coal have been used by different 
authors [14, 15] as indicators of depositional environments. Chou 
and Goodarzi studied geochemistry, concentration, and elemental 
distribution in coal seams and cited elements such as Mo, Mg, B, 
Cl, Br, Na, Y, and U as indicators of marine influence [16-18]. Re-
dox-sensitive elements Mo, U, V, Cr, Fe, Mn, Ni, Co, Ba, Pb, Cd, 
Zn, Cu, and their ratios have been used to assess paleoredox dep-
ositional conditions in sedimentary rocks [19-21]. In this study, V/
(V+Ni), V/Cr, Ni/Co, V/Ni, and Cu/Zn were used to evaluate the 
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paleoredox conditions of depositional environments during sedi-
ment accumulation. According to Jones and Manning (1994), Ni/
Co ratios < 5 and V/Cr ratios < 2 suggest oxic conditions; 5-7 and 
2-4.25 (dysoxic conditions) and > 7 and > 4.25 (suboxic to anoxic 
conditions) respectively. The Ni/Co and V/Cr ratios of the Okaba 
coal sample have a value of 2.12 and 1.19 respectively while. The 
Ni/Co and V/Cr ratios of the Ute coal sample have a value of 7.61 
and 0.26 respectively (Table 2), indicating mainly oxic deposition-
al environment for Okaba coal and oxic – suboxic for Ute coal. 
Hatch and Leventhal (1992), proposed V/(V+Ni) ratios > 0.84 for 
euxinic conditions, 0.54 – 0.82 (anoxic waters) and 0.46 – 0.60 
(dysoxic conditions). Therefore, V/(V+Ni) can be related to re-
dox conditions in source rock’s depositional environment [22-24]. 
Low V/(V+Ni) porphyrin ratios in marine Toarcian rocks reflect 
oxic suboxic conditions, while high ratios reflect anoxic sedimen-
tation [22, 24]. The concentrations of vanadium in the Okaba and 
Ute coal is 13.01ppm and 9.68ppm respectively as shown in (Table 
1). The low vanadium content of the coal suggests a low mature 
and marine/terrestrial sourced coal [25]. Low V/Ni ratios (< 0.5) 
are expected for petroleum-derived from marine organic matter, 
with high to moderate sulphur content, while V/Ni ratios (1-10) are 

expected from petroleum-derived from lacustrine and terrestrial 
organic matter [26]. The value of the V/Ni ratio of the studied coal 
ranges from 0.35 to 3.75 (Table 2). The source rock depositional 
environment determines the proportionality of vanadium to nickel. 
The V/Ni ratios (0.35 to 3.75; Table 2) for the coal samples sug-
gest the same depositional environment. Also, plots of V/Cr and 
Ni/Co ratios (table 4.1 and Fig. 4.3a) [27] indicate predominantly 
oxic conditions during sediment accumulation. Based on Hatch 
and Leventhal (1992) published thresholds, the V/(V+Ni) ratios 
for the Okaba and Ute coal samples (Table 1 and Fig. 5a) indicate 
oxic and euxinic condition respectively. However, V/(V+Ni) ratios 
predict lower oxygen bottom-water conditions (anoxic) than either 
Ni/Co or V/Cr [28]. The V/(V+Ni) ratio can be linked to redox 
conditions in source rock and low ratios reflect oxicity while high 
ratios (> 0.9) reflect the anoxic condition in the depositional envi-
ronment of coal [28]. The low V/(V+Ni) ratio (0.26- 0.0.79; Table 
1; Fig. 5b) shows that the coal samples are deposited under oxic 
conditions. This is typical of a coal depositional environment and 
in agreement with earlier work done by Akande et al., [5].

Figure 5: Cross plots of (a) V/Cr versus Ni/Co and (b) V/(V+Ni) versus Ni/Co (Ranges for V/Cr and Ni/Co are from Jones and Manning 
(1994) while V/(V+Ni) are from Hatch and Leventhal (1992).
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Table 1: Concentration of trace elements contents in Ute and Okaba Coals with certified value.

S/No Coal
Mine
Sites

Sam-
ple
code

Li-
thol-
ogy

As
Ppm

Ba
ppm

Cd
ppm

Co
ppm

Cr
ppm

Cu
Ppm

Hg
Ppm

Mn
Ppm

Ni
ppm

Pb
Ppm

Se
ppm

Mo
ppm

Zn
ppm

V
ppm

1 Okaba OB-1 Coal 5.00 78.63 0.16 1.64 10.92 7.30 2.33 20.17 3.47 3.48 3.13 0.42 3.10 13.0
2 Ute UT-1 Coal 3.78 22.68 0.15 3.59 37.75 6.13 1.12 12.59 27.32 5.15 2.40 0.32 24.35 9.68

Table 2: Concentration of trace elements contents in Ute and Okaba Coals with some elemental ratios

Sample 
Name

Ni Co V Cr Cu Zn V/Ni Ni/Co Cu/Zn V/Cr V/
(V+Ni)

Okaba 3.47 1.64 13.0 10.92 7.30 3.10 3.75 2.12 2.35 1.19 0.79
Ute 27.32 3.59 9.68 37.75 6.13 24.35 0.35 7.61 0.25 0.26 0.26

Environment of Deposition
Sulphur content in coal differs from one coal bed to another, it 
is still an important factor to consider in coal classification. Geo-
chemical studies of sulfur in coals comprise several major aspects 
relating to the nature and origin of sulfur in coals, including the 
abundance and distribution of sulfur in coal seams, abundance 
of sulfur in coal lithotypes and macerals, characteristics and geo-
chemical significance of sulfur-containing organic compounds, 
sulfur isotopic studies relating to the sources of sulfur in coals, 
and sedimentary environments controlling the geochemistry of 
sulfur in coal. variation of sulfur in coals is losely related to the 
depositional environments of coal seams. For low sulfur coal (< 
1% S), sulfur is derived primarily from parent plant material. For 
mediumsulfur (1 to < 3% S) and high-sulfur (≥ 3% S) coals, there 
are two major sources of sulfur: 1) parent plant material, and 2) 

sulfate in seawater that flooded peat swamps [29]. Abundances of 
sulfur in coal are largely controlled by the degree of seawater in-
fluence during peat accumulation and by postdepositional changes 
(diagenesis). In high-sulfur coals, seawater sulfate diffuses into 
the peat, which is subsequently reduced by bacteria into hydrogen 
sulfide, polysulfides, and elemental sulfur. The total sulfur content 
of Okaba Coal is 0.85% and Ute coal is 2.33% (Table 3). These 
data allow classifying the Okaba and Ute coal as low-sulfur and 
medium-sulfur coal respectively. Coals with low sulfur content are 
usually formed in the lacustrine environment basedon co-occur-
rence of fluvio-marine [10] while high-sulfur coals are deposited 
in the environment affected by seawater [29]. By implication, the 
sulfur content in the Okaba and Ute coal originated from parent 
plant material deposited in a lacustrine environment.

Table 3: Total sulfur content in Ute and Okaba Coals from Nigeria

S/ No Coal Mine Sites Sample code Lithology Total Sulfur(%)
1 Okaba OB-1 Coal 0.85
2 Ute UT-1 Coal 2.33

Mineral Composition
The Okaba and Ute coal generally contain a high content of detri-
tal minerals, mainly quartz (25%) and total clay (52.7) (Table 4). 
In the analyzed samples, quartz content ranges from significant to 
moderate. Quartz content is an important factor affecting fracture 
development; thus, the quartz-rich coal sections are more brittle 
and therefore make it easy for them to develop fractures. Mineral 
matters occur in coal in a different mode of occurrences. Many dif-
ferent minerals behave differently. The main minerals are quartz, 
kaolinite, mullite, and rutile, while the common fluxing minerals 
are anhydrite, acid plagioclases, K feldspars, Ca silicates, and he-
matite [30-32). Table 4 represents the XRD diffractogram result 
of two samples (Okaba and Ute coal). It indicates the presence of 
quartz (Q), kaolinite (K), as major mineral phases in both samples. 

The XRD patterns of both coals are found to show almost similar 
mineral compositions. The identification of minor minerals only 
by XRD in a multi-component system like coal is difficult due to 
the detection limits (normally at about 0.5–1%) and peak overlap-
ping [31]. Brittle mineral content is an important factor of matrix 
porosity, micro-fracture development, gas-bearing, and fracturing 
reformation of shales. The low content of clay minerals and high 
content of brittle minerals make rocks more brittle. In such cir-
cumstances, rocks are more easily to create natural fractures and 
induced fractures under artificial fracturing forces to form structur-
al joints with tree networks, which is conducive to coal gas explo-
ration [33]. Okaba and Ute Coal are rich in brittle minerals, thus 
conducive to fracturing.
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Table 4: X-ray Diffractogram results in the Nigeria Coals.

S/ No Coal Mine 
Sites

Sample code Lithology Quartz Pyrite Amorphous Total Clay

1 Okaba OB-1 Coal 25.0 1.4 20.9 52.7
2 Ute UT-1 Coal 13.8 1.2 37.7 46.1

Morphological and Microstructural Properties

Figure 6a & b: SEM Image of minerals from Ute and Okaba respectively showing the mineral distribution
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The surface morphology and microstructure of the coal samples 
were examined by SEM spectroscopy. Figure 4.4 present the 
high-resolution SEM micrographs of Okaba and Ute coals exam-
ined at a magnification of ×1100. The SEM morphological and mi-
crostructural analysis presents valuable insights into the chemical 
composition, pore structure, orientation of particles, and surface 
composition of solid materials [34, 35]. It also provides an indi-
cation of the mineral components present in the structure of coals 
examined during the process [36]. As observed in Figure 6, the 
morphology of each coal is characterized by a rough, contoured, 
and sintered surface with evident macro- or micro-pores along. 
The coal particles observed in the SEM micrographs also exhibit-
ed a glassy sheen at the edges. (figure 6). The glassy or reflective 
nature of the surface particles observed on the coal surfaces could 
be due to the presence of aluminosilicate and iron-containing min-
erals such as quartz, kaolinite, calcite, and pyrite [37-39]. It is also 
observed that the Ute and Okaba coals contain copper and zinc 
(figure 6).

Evolution Mechanism of Micro-Nano Scale Pores in Coals
Coal is a complex organic rock that consists of fractures and pores. 
Pore-fracture systems in coal are very complicated. The main 
space to store CBM is pore. fracture is the bridge of communi-
cation among pores, and it is also the migration channel for gas. 
Fractures strengthen the connectivity among all kinds of pores so 

that larger pores and pore-fracture systems can be formed [40, 41]. 
The evolution of pore structures in coals is related to many factors. 
The coal’s degree of metamorphism, degree of deformation, mac-
erals, minerals, and coalification (coal rank) are the main factors 
influencing the evolution of micro-nano scale pores in coals [42-
44]. Levine, 1993 showed that micropores were related to carbon 
content and that, in general, micrometer-scale pores increased as 
coal rank increase [52]. Ozdemir and Schroeder, 2009 also found 
that as coal rank increases, pore size generally decreases [54]. The 
physical and chemical properties of coal vary enormously during 
coalification, forming a series of pores from macrometer-scale 
pores to nanometer-scale pores [45]. The physical properties of 
coal reservoirs play a very important role in gas adsorption and 
migration. Cleats and fractures in coals induced by coalification 
are connected to the development of micro-nano scale pores, al-
though their formation is complex [42]. Fractures and cleats in 
lower rank coals were short and randomly distributed, according 
to Prinz and Littke, 2005; however, they formed better and were 
spread more regularly in higher rank coals, according to Chen et 
al., 2015 [45, 46]. Temperature, stress, and the combined influence 
of these two elements are the key indicators of coalification. The 
pore or fracture diameter observed on the SEM image of the study 
area was measured and it was observed that the diameter of pore 
and fracture from the Okaba and Ute coal ranges from 3,600nm to 
31,500nm and 9,400nm to 65,600nm respectively.

Figure 7: SEM image of (a)Ute and (b) Okaba coal showing fractures and pores
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According to the pore diameter classification method of Hodot, 
1996 and Yao et al., 2006:2008 the pores or fractures are divided 
into two types, that is, microfractures (>10,000 nm), macropores 
(1000-10,000 nm) [47-49]. Macropores belong to seepage pores, 
while transition pores and micropores belong to adsorption pores. 
Gas transport is via laminar flow or turbulent flow in the seepage 
pores and via capillary condensation, physical adsorption, and dif-
fusion in the adsorption pores Hodot, 1996, Yao et al., 2006:2008 
[47-49]. It is to be of note that the fracture in Okaba and Ute coal 
are wide fracture which extends from the Northwestern part to the 
southeastern part of the SEM image (Figure 7a and b) which by 
implication, can serve as a reservoir for coal bed methane (CBM) 
and the linkage of the fractures and the pores make it to have high 
permeability that could result to the coal to easily release the gas 
it’s storing upon heating.

Coal Gasification (Syngas Extraction)
Gasification is governed by the same rules that regulate combus-
tion processes. Wood and paper are among the solid biomass fu-
els suitable for gasification, as are peat, lignite, and coal. All of 
these solid fuels are essentially carbon-based, with minor amounts 
of hydrogen, oxygen, and impurities including sulphur, ash, and 
moisture. Therefore, coals constituents from Ute and Okaba were 
transformed completely into gaseous forms leaving ashes and in-
ert material as remains. According to the conventional view of 

producing gas, the gasification reaction occurs in four zones. Ox-
idation, reduction, pyrolysis, and distillation are the four zones. 
The Gasification process is based on the controlled generation of 
highly flammable gas from air and water vapour. From the bottom 
to the top of the gas generator, some chain chemical processes are 
thought to occur. Combustion, reduction, pyrolysis, and drying are 
examples of these reactions. In the combustion zone charcoal was 
ignited to burn and produce flame to ignite the coal, this process 
is in the presence of air with the aid of a blower which supplies 
air into the reactor. The coal burns for about 60 minutes where all 
the water in it has been expelled and the system is closed, which 
will lead to the producer gas being moved to the reduction zone. 
The partial combustion products CO2 and H2O obtained from the 
oxidation zone now move through the reduction zone. By absorb-
ing heat from the oxidation zone, CO2 and H2O are reduced to 
carbon monoxide (CO) and hydrogen (H2). To boost the carbon/
steam gasification reaction, which has larger activation energy, the 
oxidation zone raises the temperature of the reduction zone. This 
reaction requires a temperature of 9000C and above. Over 90% 
of CO2 was reduced to CO at temperatures above 900ºC. and in 
the pyrolysis zone, the remaining oil occurs as a stain in the upper 
part of the reactor due to burning in the absence of air, and syngas 
and impurities were collected into the cyclone filter where the gas 
is separated from the impurities. The gas collected is a mixture of 
N2, H2, CO2, and CH4.

Table 4.5: Experimental Results 
Experiments were carried out to find out the amount of gas that coals from Okaba and Ute will generate at maximum tem-
perature

S/ No Sample Weight 
(kg)

Weight of empty 
cylinder (kg)

Burning temp. of 
the reactor (0C)

Time to complete 
combustion

Weight of cylinder 
after gasifica-
tion(kg)

Okaba 1 5 500-1000 1hr 6.55
Ute 1 5 500-1000 1hr 6.09

Temperature of burning coal = 900 0C-1000 0C
Temperature of reduction zone =548 0C
Temperature of drying zone = 1310C

Environmental Impact
Coal gasification is a well-proven technology that started with the 
production of coal gas for urban areas, progressed to the production 
of fuels, such as oil and synthetic natural gas (SNG), chemicals, 
and most recently, to large-scale Integrated Gasification Combined 
Cycle (IGCC) power generation. IGCC is an innovative electric 
power generation concept that combines modern coal gasification 
technology with a both gas turbine (Brayton cycle) and steam tur-
bine (Rankine cycle) power generation. The technology is highly 
flexible and can be used for new applications, as well as for re-
powering older coal-fired plants, significantly improving their en-
vironmental performance. IGCC provides feedstock and product 
flexibility, greater than 40 percent thermal efficiency, and very low 
pollutant emissions. IGCC plants have achieved the lowest levels 

of criteria pollutant air emissions (NOx, SOx, CO, PM10) of any 
coal-fueled power plants in the world. Emissions of trace hazard-
ous air pollutants are extremely low, compared with those from 
direct-fired combustion plants that use advanced emission control 
technologies. Discharge of solid byproducts and wastewater is 
reduced by roughly 50% versus other coal-based plants, and the 
by-products generated (e.g., slag and sulfur) are environmentally 
benign and can potentially be sold as valuable products. Another 
significant environmental benefit is the reduction of carbon diox-
ide (CO2) emissions, by at least 10% per equivalent net production 
of electricity, due to higher operating efficiency compared to con-
ventional pulverized coal-fired power plants. The EPA-designat-
ed criteria air pollutants produced by the conversion of coal and 
other solid carbonaceous fuels (e.g., petroleum coke) in gasifica-
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tion-based power cycles are SO2, NOx, particulates, and CO. The 
environmental benefits of the gasification steam from the capa-
bility to achieve extremely low SOx, NOx, and particulate emis-
sions from burning coal-derived gases sulfur in coal, for example, 
is converted to hydrogen sulfide and can be captured by processes 
present use in the chemical industry. Among the environmental 
benefit of coal gasification is the production of significantly lower 
quantities of criteria air pollutants, reduce the environmental im-
pact of waste disposal because it can use waste products as feed-
stocks—generating valuable products from materialsc that would 
otherwise be disposed of as wastes, gasification’s byproducts are 
non-hazardous and are readily marketable, gasification plants use 
significantly less water than traditional coal-based power genera-
tion, and can be designed so they recycle their process water, dis-
charging none into the surrounding environment, carbon dioxide 
(CO2) can be captured from an industrial gasification plant using 
commercially proven technologies. In fact, since 2000, the Great 
Plains Substitute Natural Gas plant in North Dakota has been cap-
turing the same amount of CO2 as a 400 MW coal power plant 
would produce and sending that CO2 via pipeline to Canada for 
Enhanced Oil Recovery.

Conclusions
Coal samples from the study area (Okaba and Ute) are deposit-
ed in an oxic condition and originate from parent plant material. 
The coal samples are capable of storing gas which in turn can be 
extracted and used by gasification method which has minimal en-
vironmental effect due to the fact that the gasification plant reduc-
es CO2 emission by 90% as compared with direct combustion of 
coal.
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