
UBAK  

UYGULAMALI  

LER: 

Dr.  

 

 

 



UBAK  

                      

 

 

 

UBAK YAYINEV  

(TC. K LT R VE TUR ZM BAKANLI I YAYINEV  RUHSAT NUMARASI : 2018/42945) 

T K YE 

cumhuriyetkonresi@gmail.com  

www.ubak.org.tr                                                                           https://www.cumhuriyetkongre.org/ 

 



UBAK  

 

 

KONGRE ADI 
  

2. ULUSLARARASI UYGULAMALI  

 

 
28-30  2019 

ANKARA 

ZENLEYEN KURUMLAR 

UBAK Uluslarara  Bilimler Akademisi 

Dern  

 

 
:  

: Dr.  

  

  

  

 

 Ubak Uluslararas   

Genel : Amaneh Manafidizaji 

 

 

 
Galymzhan Tazhibayev Kuanishbekuly ( )- Kazakistan 

A. Gavrilova ( The Russian Academy of Natural Sciences)- Moskova
Amaneh Manafidizaji -  

Arshad KHAN (National University of Modern Languages, Pakistan) - Pakistan 

(Baki Avrasiya Universiteti BAAU) -Azerbaycan 

Tamar Beridze (   

( )  Azerbaycan 

Asst. Prof. Dr. Hazim Abed Mohammed Al-Jewaree (Alkitab University,Kirkuk) Iraq 

Mohamed Mohamedelhassan ( )  Sudan 

 

 

KONGRE D LLER  

 L leri) - G L CE - RUS  - FARS - NCE - A A



                 
www.cumhuriyetkongresi.org        ISBN: 978-605-80597-7-1       UYGULAMALI    

 

UBAK  2019 

15 

ENVIRONMENTAL EFFECTS OF COAL 

 

ZEYDAN 

 

 

ABSTRACT 

Coal is still an important energy source. On the other hand, coal has many detrimental effects. 

The environmental effects are not only limited by local air pollution or climate change. These effects 

are resulted from coal mining, cleaning, transportation, combustion and ultimate waste disposal. Lots of 

different pollutants are released from coal and that pollute air, water and soil. Therefore, environmental 

area severely by changing land use characteristics. Moreover, mining affects aquatic ecosystems. Waste 

materials resulted from underground mines are piled at the surface. These piles create runoff. If there 

exists a large quantities of pyrite in coal, acid mine drainage occurs as a by-product of mining. 

Furthermore, the acidity of the runoff not only changes pH of aquatic environment, but also allows 

metals to dissolve easily. Heavy metals may be bio-accumulated in the aquatic food chain. Hydro 

geological features of aquifers may also be altered due to mining activities. During coal screening, sizing 

and transportation processes dust emissions pollute air. Moreover, methane which occurs in coal mines 

is an important greenhouse gas. When coal is combusted carbon dioxide, carbon monoxide, oxides of 

nitrogen and sulphur, volatile organic compounds, black carbon, particulate matter and some heavy 

metals are released to the atmosphere. Carbon dioxide plays an important role as a greenhouse gas and 

climate changes accordingly. Besides all environmental issues listed, may be the most important cost of 

coal mining is the coal mine accidents. Gas leaks, roof collapse, fires and floods can cause accidents. 

These accidents can cause injuries of miners and even deaths. This paper both addresses the 

environmental effects of coal and possible solutions by considering from cradle to grave approach. Some 

 

Keywords: Coal, environmental effects, mining, combustion, Turkey. 

INTRODUCTION 

Energy is one of the most important need of modern human life. Traditional energy production 

generally depends on non-renewable energy sources like coal. Among them coal is a widely used energy 

source (Vardar and Yumurtaci 2010). According to the 2018 statistics, coal consumption throughout the 

world is 3772.1 Million tons of oil equivalent, which accounts for 27.2% of primary energy consumption 

(BP 2019). Turkish energy sector mainly depends on fossil fuels especially coal (Turhan et al. 2010). 

There exist 67 coal based thermal power plants in Turkey. In 2018, 113.3 TWh electricity was generated 

by these power plants which accounts for 37.3% of electricity generation (https://www.enerji.gov.tr/en-

US/Pages/Coal). On the other hand, using coal as an energy source creates environmental problems in 

every stage: mining, coal cleaning, transport, combustion and ultimate disposal. These problems include 

coal mine accidents, water pollution, air pollution, spoil heaps, acid mine drainage and disturbance of 

hydro-geology (Bian et al. 2010). Many toxic pollutants pollute air, water and soil. Therefore, 

sustainable energy production has become key concern over recent years due to its negative impacts on 
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environment. This paper both addresses the environmental issues of coal and their possible solutions by 

considering from cradle to grave approach. 

are also supplied in this text. 

 

Contents of Coal 

physically and chemically under swampy conditions over millions of years. Pressure, temperature and 

time play role in coalification . Composition of coal is important in terms of 

pollution generated by mining, coal preparation and combustion activities. Coal contains mainly carbon 

(C), oxygen (O), hydrogen (H), nitrogen (N) and sulphur (S) and many other elements in trace amounts. 

Vassilev et al. (2015) state that mean values (and ranges) of proximate analysis of common coals are 

30.8% (12.2  44.5) volatile matter, 43.9% (17.9  70.4) fixed carbon, 5.5% (0.4  20.2) moisture and 

19.8% (5.0  48.9) ash yield. Turhan et al. (2010) mentioned that Turkish lignite coals have a high 

sulphur and ash content. A recent study states that S content of Turkish coals ranges from 0.18 to 5.63 

and ash contents are in the range of 19.4  54.1 . 

 

Coal Extraction - Mining 

Mining activities alter the local area severely. Soil environment is affected from coal mining 

activities mainly by soil erosion and soil pollution. Removing top soil cover and changing the slope in 

open pit mining makes soil more vulnerable to erosion (Meng et al. 2009).  After closure of open pit, 

land cannot be used for farmland or forest any more. Effects of mining wastes are: erosion, surface 

deformation and loss of agricultural land, groundwater pollution, air pollution and explosion by 

spontaneous combustion (Bian et al. 2010; Bilgen 2016). These waste has to be managed using 

appropriate method to minimize environmental effects.  

Mining activities such as drilling, blasting and handling pollute air. Open pit mining is usually 

associated with particulate matter pollution (total suspended particulates - TSP and respirable 

particulates - PM10) (Gautam et al. 2018). Whereas, fine particulates (PM2.5) and other gaseous emissions 

are resulted from transportation activities. This pollution affects human health and ecosystems (Chaulya 

2004). Open pit mining areas greater than 150 hectares are included in the Annex-1 of Turkish 

Environmental Impact Assessment Regulation (2014) and require an environmental impact assessment 

report to be prepared. 

Another impact of mining is dislocation of aquifers. When a mine is below the water table, 

pumping of this water is required to prevent seepage. So, water table is lowered and nearby well are 

dried up (Bian et al. 2010).  

The last but not least effect of coal mining is methane (CH4) emissions. CH4 is both greenhouse 

gas and highly explosive. To prevent explosions, ventilation of CH4 is necessary (Bian et al. 2010).  

 

Acid Mine Drainage (AMD) 

Detrimental effects of mining activities occur not only in soil environments but also in aquatic 

environments. Seepage from coal refuses or untreated wastewater discharges from mining extraction or 

preparation plants carry numerous toxic and harmful substances to water bodies. Acid mine drainage 

(AMD) is a byproduct of mining activities when coal has large quantities of pyrite (FeS2). When coal 

deposits contain iron pyrite, AMD is going to be from by reaction of pyrite with water and oxygen in 
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the presence of biological activity. Reaction steps of AMD formation is seen on equation 1-4 (Black and 

Craw 2001; Tiwary 2001). At pH above 4, ferrous iron is oxidized to ferric iron either by biologically 

with the help of iron-oxidizing bacteria or by means of chemically. At pH lower than 4, chemical 

oxidation is predominant (Johnson and Hallberg 2005).  

 

FeS2 + 3.5O2 + H2
2+ + 2SO4

2 + 2H+ (1) 

                           Bacteria 

Fe2+ + 0.25O2 + H+ 3+ + 0.5H2O (2) 

Fe3+ + 3H2 3 + 3H+ (3) 

FeS2 + 14Fe3+ + 8H2
2+ + 2SO4  + 16H+ (4) 

 

This acidic and metal containing wastewater is directly toxic to aquatic life (fishes and benthic 

invertebrates). When heavy metals enter the food chain, they are bio accumulated over the trophic stages 

(Rai 2008). AMD pollution must be considered in long term, since AMD formation occurs many years 

after mine closure. There exist several source control options for AMD. In order to minimize the 

formation of AMD, contact of water and oxygen to coal refuses must be prevented if possible. Covering 

of spoils prevents water percolation. Precipitating iron (III) as ferric phosphate by adding solid-phase 

phosphates is other control option. Another technique uses lithotrophic iron and sulphur oxidizing 

bacteria. Moreover, the bactericides can be used to inhibit the activity of thiobacillus ferroxidans. Also 

addition of alkaline substances prevents the formation of pyrite (Hu et al. 2009). 

If the formation of AMD cannot be avoided, water containing AMD must be treated before it 

reaches to water bodies. Treatment can be applied either abiotic or biotic systems. Although it is costly, 

biotic techniques like electrochemical methods, chemical precipitators (lime, limestone), membrane 

filtration, and evaporation/crystallization have advantageous to biotic systems. AMD can be neutralized 

by addition of alkaline substances like lime or limestone, however sludge generated from neutralization 

is also costly option (Sheoran and Sheoran 2006). A number of advanced wastewater treatment 

techniques such as bioreactors, constructed wetlands and compost bioreactors can be applied as AMD 

treatment options (Hilson 2000; Johnson and Hallberg 2005).  

 

Transportation and Processing of Coal 

Processing and transportation of coal are relatively easier than that of oil and natural gas 

(Melikoglu 2018). Coal processing plants are generally located near coal mines. Size reduction of coal 

is necessary before shipping which includes crushing, grinding or pulverization. Loading and unloading 

operations during transportation are the main sources of particulate pollution (Gautam et al. 2018). Dust 

emissions should be prevented on both stages to minimize air pollution.  

 

Coal Combustion 

Coal is used for either electricity generation, industrial or domestic heating. Coal based thermal 

power plants burn coal to generate electricity. During these process, lots of pollutants are released to the 

atmosphere (Melikoglu 2018; Vardar and Yumurtaci 2010). Carbon dioxide (CO2), carbon monoxide 

(CO), sulphur oxides (SOx), nitrogen oxides (NOx), volatile organic compounds, particulate matter 

(PM10) and some trace metals are emitted from thermal power plants 
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et al. 2008). Moreover, toxic mercury (Hg) compounds may be emitted from stacks in the fly ash 

(Yudovich and Ketris 2005). Among these pollutants CO2 is a greenhouse gas and enhances greenhouse 

effect.  states that typically 1 kg CO2 is released to the atmosphere for the generation of 1 

kWh electricity. CO2 can be captured by means of (i) pre-combustion, (ii) post-combustion or (iii) oxy-

combustion systems (Melikoglu 2018). Unfortunately, CO2 capture is not compulsory according to the 

Turkish Regulation on Air Pollution Control Caused by Industries. Flue gas desulphurization (FGD) 

systems are required for SOx removal (Hilson 2000). NOx removal is applied by either prevention 

during combustion (i.e. low NOx burner) or end-of-pipe treatment by selective or non-selective catalytic 

reduction. Electrostatic precipitators, fabric filters and wet scrubbers are the common method for 

controlling particulate matter emissions (Lecomte et al. 2017). 

Gas and particulate emissions are the same when coal is burned for heating purposes. Similar 

treatment methods can be applied for industrial processes on the other hand, it is not possible for 

domestic heating. The best way of preventing coal combustion emissions from domestic heating is 

shifting from coal to natural gas. However, natural gas is more expensive than coal and altering fuel is 

not so simple (Melikoglu 2018). Therefore, some other precautions are necessary to prevent air pollution 

from coal combustion. Turkish Regulation on Air Pollution Caused by Domestic Heating (2005) has 

forbidden the use of coals with high sulphur and ash content. Using high quality coals, avoiding burning 

during temperature inversions may also reduce air pollution resulted from coal combustion.  

 

Ultimate Disposal of Ashes 

According to the Turkish Waste Management Regulation (2015), bottom and fly ashes of coal 

burning power plants are classified as non-hazardous wastes. These waste are generally accumulated in 

ash ponds. After coal combustion from domestic heating, bottom ash must be properly disposed and ash 

heaps should not be exposed to wind to prevent particulate pollution. 

 

CONCLUSION 

Although coal is widely used energy source, it has lots of environmental problems. Air, water and 

soil pollution problems happens every stage from mining to ultimate disposal. Therefore this paper uses 

from cradle to grave approach for these problems. Pollution is depends on coal composition. When coal 

contains pyrite acidic waste water occurs which has detrimental effects on water bodies. In the existence 

of high sulphur and ash content in the coal, SOx and particulate pollution arise during combustion. 

Among all problems, particulate pollution appears in every stage including open mining, transport, 

sizing, combustion and ultimate disposal. Environmental precautions and proper flue gas treatment after 

combustion are necessary to minimize the environmental effects of coal usage. 
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