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Abstract—More than 65000 acres of land in India has been 
occupied by the coal combustion residues (CCRs) produced from the 
thermal power plants. The storage of this huge quantity of unused 
CCRs leads to ecological and environmental imbalance. CCRs find 
wide range of applications in day to day life. The use of CCRs for 
mine backfilling has been considered as an opportunity for their bulk 
utilization. This paper deals with the physico-chemical properties of 
CCRs and their application in mine stowing. This paper also 
discusses on the need for future research on the environmental 
impacts of backfilling with CCRs for their expanded use in mine 
backfilling and mine site rehabilitation. It is envisaged that this paper 
will encourage the producers of CCRs, scientists, technocrats, 
entrepreneurs, consumers and decision makers to jointly put an effort 
for evolving a suitable paradigm for effective management of Coal 
Combustion Residues. 
 
Keywords: CCR; fly ash; physico-chemical properties; mining; 
stowing; backfilling. 

1. INTRODUCTION 

The large amount of coal combustion residues (CCRs) 
produced from thermal power plants has become a major 
environmental concern universally. Environmental pollution 
caused by the coal based thermal power plants all over the 
world is cited to be one of the major sources of pollution 
affecting the general aesthetics of environment in terms of 
land use, health hazards and polluting air, soil and water in 
particular. Coal is the primary source of energy. Since there is 
a wide consensus on the requirements of energy worldwide for 
meeting the increasing energy demand, the coal combustion 
will continue to increase in near future as well. The 
distribution of coal consumption worldwide in 2012 shown in 
Figure 1 depicts that India stands third in terms of coal 
combustion globally after China and USA. With increasing 
coal combustion for power generation, the global generation 
of CCRs is expected to reach 2000 MT per annum by the year 
2020. However, there is a huge imbalance between the 
generation and utilization of these CCRs. During 1993, the 
utilization of CCRs in India was only 2.3% out of the total 
annual generation of 35 MT. One of the main reasons for this 

poor utilization level of CCRs is the lack of awareness among 
the users on the beneficial aspect of CCRs. Now in India, 
quality CCRs from modern Thermal Power Stations 
confirming to IS 3812 are available and various proven 
research work through demonstration trials on their use has 
substantially increased. As a results, presently fly ash has been 
used up to 45% of the total generation in India in various 
applications such as building materials, construction of road 
and embankment, land development and agriculture, 
extraction of metal and cenospheric ash, paints and waste 
treatment. 

 
Fig. 1: Distribution of coal consumption  

worldwide in 2012 (Yao et al., 2015) 

CCR is the world’s largest mineral resource available and it’s 
processing, handling ultimate utilisation and safe management 
are the major concern for the environmental sound 
management and sustainable development. These days mining 
industry is facing an acute shortage of river sand due to its 
increasing application in civil engineering. As a result, a large 
number of underground coal mines are left unstowed after 
excavation of coal leading to surface subsidence. There is a 
need for an alternative stowing material which is available in 
sufficient quantity and at minimal cost. At the same time, coal 
combustion residues occupying a substantial area of land in 
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negligible amount of unburned carbon, there is no risk of 
spontaneous heating if utilized as a stowing material in 
underground coal mines. Ash fill shows better post-failure 
properties in case of bord and pillar mining. In a model test 
carried by Galvin and Wagner (1984), it was observed that by 
allowing ash fill to settle out properly, the strength of the coal 
pillars increased by a considerable margin in comparison to 
other stowing materials. The test confirmed that after 200 days 
of ash settling in the voids, strength of model coal pillars with 
height : width ratio of 1 was increased by 50% and those with 
height : width ration of 2 increased by 40%. At 400 days of 
curing/settling, these values further consolidated by 
approximately 10% each to 60% and 50% respectively. 
Further, fly ash when mixed with lime gets cementing 
property, which acts as a cheap and environment friendly 
stowing agent. 

When CCRs are used for mine backfilling; the ash, the mine 
water or groundwater and the rock strata of the mine site 
interact together, and collectively impact the environment. 
Therefore, the test includes not only to monitor element 
mobility when the CCRs are exposed to water, but also 
interaction of the products of CCRs and mine water with the 
associated rock strata. The number and location of monitoring 
wells, the frequency and duration of sampling, and water 
quality parameters for analysis should be considered before 
backfilling in order to monitor potential contamination of the 
environment. Monitoring should be continued until the site is 
regarded as stable and without risk of degradation of ground 
or surface water by CCRs. 

The broader objective of mine backfilling with CCRs is not 
only the prevention of surface subsidence, but also the bulk 
disposal of CCRs. There is a lack of monitoring on after effect 
of utilization of CCRs in mine backfilling and other mine-
related uses, a feature that can be related partly to the lack of 
regulations or guidelines on the use. Therefore, future research 
on environmental impacts of backfilling with CCRs needs to 
focus on the leaching of elements from CCRs and their impact 
on the ground water before disposal in mine sites.  

6. CONCLUSION 

Coal combustion residues are one of the most abundant high-
volume "waste" materials available. Coal combustion residues 
have great potential to be used for mined land rehabilitation 
because of their abundance and physicochemical properties to 
ameliorate the acidity of Acid Mine Drainage and to improve 
soil condition. Furthermore, stowing the mine voids using 
CCRs can be considered as utilisation as well as bulk disposal. 

Attempts are also being made to recycle and use huge quantity 
of CCRs for reclamation of abundant coal mines for socio-
techno economic development. Long term perspectives of 
CCR management is deemed imperative and now it is 
necessary for the CCRs generators, scientists, technocrats, 
entrepreneurs, consumers as well as decision makers to jointly 
put an effort for evolving a suitable paradigm for effective 
management of Coal Combustion Residues. However, it is 
necessary to establish regulations for the expanded use of 
CCRs for mine backfilling and the broader realm of mine site 
rehabilitation.  
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