
1. Chemical Nature of Coal  
 
Coal is primarily composed of carbon and secondar-
ily; sulphur, hydrogen, oxygen and nitrogen [1]. 
Over time, the chemical and physical properties of 
plants change by geological action to create a solid 
material which is coal. 
 
2. Potency of Coal for Heat and Electricity Gen-
eration 
 
Coal is primarily used as a solid fuel to produce 
electricity and heat through combustion. World coal 
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The environmental dependence on clean coal technology for sustainable zero-carbon and other gas emission as 
well as health hazards mitigation has been reviewed and found significant. The research stemmed on the grow-
ing concern over the effects of green house gases, airborne pollution and the impact of global warming on the 
ecological system. Presence of the by-products of coal combustion such as sulfur dioxide (SO2), nitrogen ox-
ides: (NO2 and NO3), particulate matter (PM), radionuclides and carbon dioxide (CO2) emissions were found 
to pollute the atmosphere and constitute health hazards. Carbon dioxide were found to impact very signifi-
cantly on global warming while sulfur dioxide and particulates are the most important acid rain causative 
agents. Analysis on several past successes recorded on clean coal technology indicates a transformation of 
coal, possessing high levels of impurities, contaminants and other polluting elements into an exceptionally low 
polluting fuel, free of (or very low in) carbon dioxide emissions and other pollutant emissions. Critical review 
of the techniques applied in achieving the highlighted success includes; treating the flue gases with steam to 
remove sulfur dioxide, chemically washing minerals and impurities from the coal, pre-capture, oxy-fuel com-
bustion, selective catalytic reduction (SCR) and selective non-catalytic reduction (SNCR) processes for reduc-
tion of nitrogen oxide emission, using of electrostatic precipitators (for removal of particles from flue gas), us-
ing of scrubbers and fluidized bed (for removal of sulphur dioxde and particulate matter emission), gasifica-
tion, post-capture CCS, as well as carbon capture and storage (CCS) (which involves separating out carbon 
dioxide from burning fossil fuels such coal, collecting it and subsequently “dumping” it underground or in the 
sea) to capture the carbon dioxide from the flue gas. 
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consumption was about 6,743,786,000 short tons in 
2006[2] and is expected to increase 48% to 9.98 bil-
lion short tons by 2030 [2]. China produced 2.38 bil-
lion tons in 2006. India produced about 447.3 mil-
lion tons in 2006. 68.7% of China's electricity comes 
from coal. The USA consumes about 14% of the 
world total, using 90% of it for generation of elec-
tricity [3].When coal is used for electricity genera-
tion, it is usually pulverized and then combusted 
(burned) in a furnace with a boiler. The furnace heat 
converts boiler water to steam, which is then used to 
spin turbines which turn generators and create elec-
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tricity. The thermodynamic efficiency of this process 
has been improved over time. Simple cycle steam 
turbines have topped out with some of the most ad-
vanced reaching about 35% thermodynamic effi-
ciency for the entire process. Increasing the combus-
tion temperature can boost this efficiency even fur-
ther. About 40% of the world's electricity comes 
from coal, and approximately 49% of the United 
States electricity comes from coal. 
 
3. By-Products of Coal Combustion 
 
The byproducts of coal combustion are considerably 
hazardous to the environment if not properly con-
tained. While it is possible to remove most of the 
sulfur dioxide (SO2), nitrogen oxides (NOx) and par-
ticulate matter (PM) emissions from the coal-
burning process, carbon dioxide (CO2) emissions 
and radionuclides are difficult to handle. 
 
3.1 Zero-Carbon Emission 
Technologies do exist to capture and store CO2, but 
they have not been made available on a large-scale 
commercial basis due to the high economic costs. 
The US Department of Energy in collaboration with 
private establishments has developed carbon capture 
and sequestration technologies [4]. Several methods 
are available under this technology including pre-
capture, oxy-fuel combustion, and post-capture 
CCS. Other carbon capture and sequestration tech-
nologies include those that dewater low rank coals. 
Low rank coals often contain a higher level of mois-
ture content which contains a lower calorific content 
per tonne. This causes a reduced burning efficiency 
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and an increased emissions output. Reduction of 
moisture from the coal prior to combustion can re-
duce emissions by up to 50 percent [4].  
 Results from studies [4-16] carried out on 
clean coal technology show that its associated by-
products such as sulfur dioxide (SO2), nitrogen ox-
ides (NOx), particulate matter (PM), carbon dioxide 
(CO2) and radionuclides can be significantly re-
moved to ensure a clean atmosphere. However, the 
technology behind the development of zero-carbon 
emissions goal is Carbon Capture and Storage 
(CCS), which involves separating out carbon dioxide 
when burning fossil fuels such as coal, collecting it 
and subsequently “dumping” it underground or in 
the sea [17]. CCS is an integrated concept consisting 
of three distinct components: CO2 capture, transport 
and storage (including measurement, monitoring and 
verification) [18]. Some capture technologies are 
economically feasible under specific conditions, 
while others have remained in the research stages. 
To date, there has not been a single application of 
CCS to large scale (> 500 MW) power stations [17].  
 
3.2 Zero-Gas Emission 
The first clean coal power plant was built in Ger-
many by a Swedish firm Vattenfall [5]. The power 
plant captures CO2 and acid rain producing sulfides, 
separates them, and compresses the CO2 into a liquid 
state. Plans are to inject the CO2 into depleted natu-
ral gas fields or other geological formations. This 
technology is considered not to be a final solution 
for CO2 reduction in the atmosphere, but provides an 
achievable solution in the near term while more de-
sirable alternative solutions to power generation can 

Table 1:Classification of Coal and their Heat Content  [3]  

Name Volatiles % C Carbon % H Hydrogen % O Oxygen % S Sulfur % Heat content kJ/kg 

Braunkohle (Lignite) 45-65 60-75 6.0-5.8 34-17 0.5-3 <28470 

Flammkohle (Flame coal) 40-45 75-82 6.0-5.8 >9.8 ~1 <32870 

Gasflammkohle (Gas flame coal) 35-40 82-85 5.8-5.6 9.8-7.3 ~1 <33910 

Gaskohle (Gas coal) 28-35 85-87.5 5.6-5.0 7.3-4.5 ~1 <34960 

Fettkohle (Fat coal) 19-28 87.5-89.5 5.0-4.5 4.5-3.2 ~1 <35380 

Esskohle (Forge coal) 14-19 89.5-90.5 4.5-4.0 3.2-2.8 ~1 <35380 

Magerkohle (Non baking coal) 10-14 90.5-91.5 4.0-3.75 2.8-3.5 ~1 35380 



be made economically practical.  
 Researches[6,7,8] have shown very signifi-
cant reduction in nitrogen oxide emissions from 
power plants through application of selective cata-
lytic reduction (SCR) and selective non-catalytic 
reduction (SNCR) processes, both converting NOx 
into water (H2O) and nitrogen (N2). Other results 
generated from the research shows that SCR is capa-
ble of reducing NOx emissions by approximately 90 
percent. SNCR is a simpler and less expensive tech-
nology than SCR, but it also provides a lower level 
of NOx reduction. 
 "Low-NOx" burners use a staged combustion 
process, which uses a lower flame temperature dur-
ing some phases of combustion to reduce the amount 
of NOx that forms [6,7,8]. These burners also limit 
the amount of air in the initial stages of combustion, 
when the nitrogen naturally occurring in the coal is 
released, so that there is less oxygen present to bond 
with the nitrogen. 
 It has been discovered [9,10] that Scrubbers 
can reduce sulfur emissions by up to 90 percent. 
However, the short coming in this application is that 
smaller particulates are less likely to be absorbed by 
the limestone present and so can pass out the smoke-
stack into the atmosphere. On the other hand, it has 
been found [10,11] that sulfur gas and other smaller 
particulates produced by burning coal to generate 
electricity can be removed through the use of  a flu-
idized bed. This bed consists of small particles of 
ash, limestone and other non-flammable materials, 
which are suspended in an upward flow of hot air. 
Powdered coal and limestone are blown into the bed 
at high temperature to create a tumbling action, 
which spurs more effective chemical reactions and 
heat transfer. During this burning process, the lime-
stone binds with sulfur released from the coal and 
prevents it from being released into the atmosphere. 
Fluidized bed combustion plants generate lower sul-
fur emissions than standard coal plants, but they are 
also more complex and expensive to maintain. 
 Wet scrubbers were discovered [12] to re-
move dust pollutants by capturing them in liquid 
droplets and then collecting the liquid for disposal. 
Electrostatic precipitators electrically charge parti-
cles in the flue gas and collect the particles on plates 
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to remove them from the air stream. Wet electro-
static precipitators combine the functions of a stan-
dard dry electrostatic precipitator with a wet scrub-
ber and spray moisture to the air flow to help collect 
extremely fine particulate matter (PM2.5), making the 
process more effective [13,14]. Fabric filter bag-
houses are another means of controlling particulate 
matter emissions. As dust enters the baghouse com-
partment, larger particles fall out of the system, 
while smaller dust particles are collected onto cloth 
filters [15, 16]. 
 
4. Impact of Clean Coal Technology on the Eco-
logical system 
 
Global sustainability of clean coal technology trans-
lates into very insignificant or non dependence on 
the use of wood and other forestry associated en-
ergy-generating materials as well as other sources of 
energy that emit carbon dioxide into the atmosphere 
for power generation. This way, deforestation and 
desertification which obstructs and negatively af-
fects the ecological system are significantly im-
peded, thereby stabilizing the ecosystem. Further-
more, preference of energy generation through clean 
coal technology to biofuel yields positive results 
such as decreased use of agro-chemical, which dete-
riorate human health during biofuel production, non-
destruction of watersheds and significant reduction 
in the pollution of rivers, lakes and streams 
(normally caused by dissolved gases and other in-
dustrial waste associated with biofuel production), 
enhancement of rain fall (due to the gross transpira-
tion in several plants growing undisturbed), reduc-
tion of local and regional climatic extremes (caused 
by destructive atmospheric balance due to impurity 
gases in the air associated with biofuel production), 
reduced use of genetically modified organisms (for 
biogas production) to prevent unprecedented risks, 
decreased land competition and land concentration, 
reduction in rural unemployment and deposition 
(due to availability of land for farm work), conver-
sion of arable land currently used to grow biofuel 
crops for food growing leading to stable food prices 
and mitigating hunger, malnutrition and impoverish-
ment amongst the poorest sectors of society.  
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5. Conclusion 
 
Based on proven potentialities in clean coal technol-
ogy especially CCS (which is the most sophisticated 
of all), coal is now repositioned as an efficient and 
extremely clean-burning fuel that could reduce our 
dependency upon oil. Coal with high levels of impu-
rities, contaminants and other polluting elements can 
now be transformed into an exceptionally efficient 
and clean source of high energy and low polluting 
fuel free of (or very low in) carbon dioxide emis-
sions and other pollutant emissions. This way, health 
hazards posed by these pollutant emissions are miti-
gated. However, the huge fund required for setting 
up CCS in developing countries has generally re-
mained the bane of global zero-carbon emissions.   
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