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Coal Tar Production Processes and Potential of
PAHSs Release into the Environment

E. Fosso-Kankeu

Abstract— Coal has been mainly used in South Africa for
electricity generation by the power utility, however, with the rapid
decline of high grade coal, other processes such as gasification and
coal coking which rely mostly on low grade coal are likely to be the
main consumers of coal in a foreseeable future. Such processes
produce significant amount of coal tars which are often recycle in
the system, but an excess of tars are often discharged in the
environment. Coal tar contains a variety of polycyclic aromatic
hydrocarbons (PAHs) at relatively high concentrations. PAHSs are
known to be toxic to human and other form of biological systems,
and could therefore pose significant health issues if not properly
handled or released in environmental ecosystems such as water.
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Most of the PAHs released from their sources are
discharged into the atmosphere [1]. Human activities release
more PAHSs than natural sources, mostly through the burning
of coal, common fuels and other organic materials [2,3]. The
burning of wood was found to be the largest source of
atmospheric PAHSs [4]. The largest natural sources of PAHs
include volcanoes and forest fires. Approximately 75 percent
of total PAH emissions are from stationery sources, such as
production of coke, coal tar, power generation, etc. The
remaining 20 percent of PAH emissions is from diesel
vehicles and mobile sources. The composition of PAH
emissions differ significantly depending on the source [4,5].
The deposition of airborne PAHs from burning sources was
reported to be the largest source of PAHSs in soil and surface
water [4,6]. Nevertheless, in local environments the higher
concentrations of PAHs may come from runoff in car parking
areas and sealed roads [6]. PAHSs are also found in materials
associated with roads and parking lots, including tyre dust,
brake lining particles, and used and new motor oil [5].
However, attention will be focused on the coal processing
through gasification and coking as well as combustion of tar
as sources of PAHSs.

INTRODUCTION

Il. IMPORTANCE OF COAL AS ENERGY SOURCE IN SA

Globally, coal plays an important role in securing energy
demand and is expected to remain the second largest primary
fuel source until 2030 [7,8]. As from 2008, the global coal
reserve was estimated to be around 861 billion tonnes,
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however, coal of high quality is rapidly depleting because of
the increasing demand, especially from the biggest consumers
such as China and the USA [9].

With a coal reserve estimated at 31 Gt in 2006 according to
the South African Year Book 2007/2008, South Africa is
ranked as eighth in the world [10]. As far as coal reserve in the
African continent is concerned, the major stake belongs to
South Africa with approximately 75% of the African coal
resources [11,12]. As from 1999 the bulk of mineable
reserves were contained in the Ermelo, Witbank, Highveld
and Sasolburg-Vereeniging coalfields which are close to
major South African industrial centres [13]. The Ellisras basin
including the Waterberg Coalfield is estimated to contain
more than 50% of South Africa’s remaining coal reserve;
however, because of some geological structural disturbances,
a proper geophysical survey is required prior to the
exploitation of this immense reserve [14].

South Africa mines around 220 Mt of coal per annum and is
considered as the 6™ largest producer in the world, behind
countries like China and the USA. Coal mines or collieries are
the major suppliers of coal through companies such as Sasol,
Exxaro, Anglo American Thermal Coal, BHP Billiton Energy
Coal South Africa and Glencore Xstrata, which export
high-grade coal to developed countries, while local energy
and petro-chemical industries rely mostly on low-grade coal
as feedstock [15]. According to a report by Hancox and Gotz
in 2014, the main coalfields of South Africa include: Witbank
Coalfield, Highveld Coalfield, Ermelo Coalfield, Coalfields
in the Free State (Vereeniging-Sasolburg Coalfield, Free
State Coalfield and South Rand Coalfield), Coalfields in
KwaZulu-Natal (Klip River Coalfield, Utrecht Coalfield,
Vryheid Coalfield, Nongoma Coalfield, Somkhele Coalfield),
Kangwane Coalfield, Springbok Flats Coalfield, Waterberg
Coalfield, Soutpansberg Coalfield, Limpopo Coalfield and
Molteno Coalfield. The Witbank Coalfield supplies more
than 50% of South Africa’s saleable coal; the highveld coal
field located in the Mpumalanga Province of South Africa in
the South of the Witbank Coal field, is the second largest in
term of production among the nine currently producing coal
field and the nineteen existing Coal field in South Africa
[12,16].

Coal is the major source of energy in South Africa,
accounting for 72% of total primary energy supply in the
country in 2005, while contributing to approximately 95% of
the electricity generated. It is reported that South African coal
is also used domestically as a feedstock for the production of
considerable amount of the country’s liquid fuels [17]; the
South African Synthetic Oil Limited (Sasol) is reported as the
fastest growing consumer of coal, using 29% of the locally



produced coal to feed the gasifiers of the Sasol Chemical
Industries (SCI) at Sasolburg and Sasol Synthetic Fuels (SSF)
at Secunda for conversion into crude synthesis gas [17,18].
According to current practices, more than half of our mined
coal considered as low-grade coal is used by the electricity
and petro-chemical industries; the latter relying on
gasification processes to produce fuel and synthetic
chemicals. However, with rapidly growing consumption of
coal (researchers forecast that the extreme reliance of the
country on coal for power generation and electricity supply,
will result to a peak in production rate of about 284 Mt/year in
2020, contributing to the exhaustion of at least half (12 Gt) of
the total reserve (23 Gt) which will compel consumers to
mostly depend on or develop processes suitable for low-grade
coal [19]); it is for example estimated that processes such as
underground coal gasification (UCG) may eventually make
marginal coal reserves accessible [20]. The major
environmental problem associated with such processes is the
coal tar generated as bioproduct which may be challenging to
handle and has potential to release carcinogenic compounds
such as polycyclic aromatic hydrocarbons (PAHS) in the
receiving waters.

I11. COAL PROCESSES LIKELY TO PRODUCE TARS

The rapid decline of quality coal is likely to contribute to
increase use of technologies which can be effectively
operated with low quality coal such as gasification for the
production of energy, chemicals and other products. These
technologies are more prone to the generation of tar as
by-product. The description of the processes involved in these
technologies will be considered in this section allowing to
identify the steps involved in tar production.

A. Gasification processes

The main gasification processes involve the reaction of
coal with steam and oxygen to produce a combustible gas or a
synthesis gas which may include carbon dioxide, carbon
monoxide, hydrogen, water vapour and methane which can be
further used for clean power and chemicals production. Two
main industrial processes can be delineated on this basis,
namely the Sasol-Lurgi gasification process and the
underground coal gasification.

B. Sasol-Lurgi gasification process

The South Africa Synthetic Oil Liquid (Sasol) industry was
created in 1950 as the South African government decided to
find alternative to imported oil by making liquid fuel from
coal via gasification and subsequent liquefaction of the
resulting fuel gas [21]. The Sasol-Lurgi gasification process
was developed in Germany during the 1930’s and uses coal
(mainly butimunous coal) as main feedstock in a fixed bed dry
bottom gasification process at high temperature and pressure
in the presence of steam and oxygen to produce synthesis gas
which is converted to fuels and chemicals via the
Fischer-Tropsch process (Figure 1).
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The Sasol gasifiers are very tolerant to changes in
feedstock quality, capable to gasify coal with ash content as
high as 35% [23]; it is estimated that > 30 million tons per
annum of bituminous coal of the domestically produced coal
is consumed by Sasol in the gasification process. During raw
gas cooling, unreacted gasification steam and water formed in
some of the gasification reactions condense, these wastewater
streams contain a number of contaminants including tar, oil
and phenols (Figure 2) that must be removed prior to reuse
and discharge. Although wastewaters generated from the
Fischer-Tropsch process are treated through the biological
oxidation (Figure 2) coupled with ash-handling for polishing
of residual organics, the solid wastes are often not properly
disposed of. These wastes include gasifier ash, boiler fly and
bottom ash, and dusty tar. The ash is often disposed in a
surface dump without any further measure to prevent
leachates from entering the groundwater, while the dusty tar is

disposed of by landfilling [24].
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C. Underground Coal Gasification

The decrease of high quality coal coupled to challenges
associated with conventional mining process such as high cost
associated with the exploitation of deep coal deposits,
pollution pertaining to increasing dust and noise production,
disposal of ash and coal tailings in the environment and
methane emission to the atmosphere have promoted
increasing interest to underground coal gasification (UCG)
[24-27]. Gasification refers to an incomplete burning of coal
[28,29]; basically, UCG mainly consists of the injection of air,
oxygen, steam or any combination of these underground to
sustain fire from ignited coal to produce a combustible

Effluent to
bio-treatment



synthetic gas (Figures 3 and 4) which can be used for
industrial heating, power generation or the manufacture of
synthetic gas or diesel fuel [30]. Currently, the extraction of
coal by the underground coal gasification technique appears
to be both economically and technically feasible [28]. UCG
makes possible the exploitation of marginal coal reserves that
could not be recover using the conventional method therefore
offering the prospect of increasing the world’s usable coal
reserves by a factor of no less than three. Inaccessible and low
grade coal can be competitively converted by UCG to syngas
that will be eventually used for power generation and
production of chemicals [30]. UCG started in the former
Soviet Union in the 1930s where an experimental station was
established in the Donetsk coalfield; a commercial
installation only followed in 1940 in the same country. Up to
today a number of UCG operations have been reported in
Majuba-South Africa, Queensland-Australia,
Alberta-Canada, Walanchabi City-China and
Angren-Uzbekistan. UCG syngas has been produced at
Majuba in South Africa since 2007, the project is considered
as the longest UCG running trial in the western world
contributing about 3 MW to the overall output of 650 MW at
the Majuba Power Station. The facilities are to be expended in
the near future to an output of 1200 MW, the syngas will
contribute to around 30% of the plant fuel [30].
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Fig. 3Typical cavity configuration of a mid-to-late stage of
a linked vertical well module [30].

The reduced emission of toxic gases as well as discharged
of solid wastes in the environment makes UCG environmental
safer compared to the conventional processes. However,
studies carried out on groundwater pollution from UCG since
the initiation of large scale research on UCG in Soviet Union
at the beginning of the previous century, have shown that a
wide range of hazardous species which are by-products of the
gasification and pyrolysis processes are released in the
underground environment. During pyrolysis, zones of
reduction and oxidation are created as a result of the long
gasification of sections. In such conditions a number of
organic pollutants are produced. Krzysztof and Krzysztof
conducted a study of the pollution of water during the process
of UCG [31]. Typical pollutants identified in groundwater
nearby UCG process include phenols, benzene and its
derivatives, polycyclic aromatic hydrocarbons (PAHS),
heterocyclics and inorganic pollutants, mainly sulphate,
chloride and ammonium [32-36]. It is suggested that the
source of organic pollutants and ammonia is mainly
condensed vapors, while the inorganic pollutants derived
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primarily from ash leachates [35].

D. Coking of coal

Coke acts as reducing agent in furnaces smelting iron ore to
produce liquid iron which is an essential ingredient in the steel
manufacturing, the core business of ArcelorMittal South
Africa. Coke is the material left when water, coal-gas and
coal-tar are driven off during the carbonization of coal at
temperatures around 1100 °C in an air-tight oven, a process
refers as cokemaking or coking [37]. The coking process
often takes place in a coke battery in which coal is loaded; this
battery is composed of many coke ovens stacked in rows and
often located at or near an integrated steel mill. To produce
metallurgical coke for the blast furnace on site, ArcelorMittal
South Africa operates five coke batteries, during this process
gas and other by-products including tar are formed (Figure 4).
It is estimated that around 109000 tonnes of tar was produced
in 2013, this creates an environmental concern as a total of
1.65 m tonnes of by-products produced in the same period
needed space to be disposed of with 290 ha of land under
restoration [38]. Apart from solid wastes, a polluted
wastewater effluent is also generated from coal coking, coal
gas purification and by-product recovery processes of coke
making factories in the iron-steel-producing industries. This
wastewater is rich in organic and inorganic matters, and
generally challenging to treat through biological method
because of its complexity and high toxicity [39-41].
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E. Domestic combustion of Tar

Heating and cooking are the domestic sources of PAHs
which can influence the quality of water. The use of natural
gas, heating oil, wood, and coal differs from the domestic
heating based on combustion of fuels [42]. The PAHSs
emission from domestic sources is found to be largely
unregulated [42]. Such activities generally have high PAH
emissions. Benzopyrene from the burning of wood and peat is
reported to be associated with a range of particle sizes [1].
Internal combustion engines of motor vehicles are generally
supported by diesel and petrol fuels. The air-to-fuel ratio is
reported to be the major factor influencing PAHs production.
Bjorseth [42] and Ravindra et al. [1] also found that the
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reduction of the PAHs concentration in the exhaust gases can
be influenced by the use of catalytic converters. The PAHSs’
emission characteristics of all internal combustion engines are
different due to engine temperature, load, speed and fuel
quality. Petrol fueled vehicles have lower emission compared
to diesel-fueled vehicles [43,44].

F. Leaching of Tar to Water

Wastewater discharged from preserving facilities is the
main source of creosote released into waters. In previous
years, the water from wood-preserving facilities was often
discharged to settling basins where a sludge formed [45]. The
creosote components filtered through the soil to reach the
groundwater table. Water-soluble creosote constituents can
be leached from marine pilings and treated wood products to
surface waters and groundwater [45,46].

IV. CONCLUSION

Millions of tons of coal tar are discharged in the
environment throughout the world every year without proper
management; the risks of PAHSs release from such coal tar and
the potential impact on the environment has often been
overlooked, while the deleterious effects continue to cause a
lot of health issues among humans and other biological
systems. It is therefore important for future research to focus
on the environmental risks related to coal tar.
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