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ABSTRACT

Fugitive methane emissions from coal mining activities have been frequently talked about in the
literature due to concerns about climate change. However, indirect and direct CO, emissions may also
result from coal mining processes. The indirect CO, emissions include those from diesel combustion
from equipment while direct CO, emissions are a relatively new area of research and have been
recently brought into the purview of the Intergovernmental Panel on Climate Change (IPCC) inventory
guidelines. We discuss some of the preliminary results which can give some directions into the
potential research areas for better accounting of greenhouse gas emissions from coal mining
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activities. These have been derived from practical studies undertaken at selected coal mines in India.

Highlights

® Considering indirect and direct CO, emis-
sions in coal mining processes can have sig-
nificant life-cycle implications.

e Better data collection and accounting asso-
ciated with these tasks is advocated here in
view of changing role of coal in energy
systems.

® Suggestions for improved inventory prepara-
tion have been made in this note.

Greenhouse gas emissions from coal mining and
handling activities are important contributors to
global greenhouse gas (GHG) emissions. As per the
guidelines of the Intergvernmental Panel on Climate
Change (IPCC), fugitive methane emissions may
result due to breakage, handling, processing or trans-
port of coal during both mining or post-mining
stages. Some CO, emissions might also occur as
a result of low-temperature oxidation or uncon-
trolled combustion (IPCC 2006). The fugitive
methane emissions have been continually reported
by major coal producing countries to be significant.
For instance, the share of coal mining to total
methane emissions from the energy sector ranged
close to 20% during the last two decades in the

United States (EPA 2018). Similarly, coal mining
emissions contribute to half of China’s total methane
emissions (Zhang and Chen 2010) but there have
been some positive trends since significant propor-
tion of the methane tends to be utilized after drai-
nage (Ju et al. 2016). Controlling these emissions to
a greater extent can offer centralized sources of GHG
abatement as well as some localized avenues of
energy generation and thus such initiatives are
receiving global focus. Several climate policies are
now focusing on their mitigation, and utilizing car-
bon pricing mechanisms on this end will ensure
holistic long-term decarbonization, which may not
be possible with management only on the combus-
tion end. This is especially significant since methane
mitigation will likely be critical to meeting long-term
decarbonization objectives (Collins et al. 2018)

India, which is the second largest coal producer after
China, has seen a significant increase in coal produc-
tion which is further projected to increase due to
developmental targets (Garg et al. 2017). Again, coal
mining activities have a substantial contribution to
the greenhouse gas (GHG) emissions, of which the
larger share of emissions from such activities are
fugitive methane emissions. These emissions were
estimated even before inventorying measures were
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properly implemented because the gas presented
a safety hazard (Banerjee 1987).

As part of the Methane Campaign of the Council
of Scientific and Industrial Research (CSIR), our
group was involved in developing the methane
emission coefficients for various categories of
Indian coal mines (Banerjee et al. 1994a). With
improved considerations on emission inventory
preparation through the national communications
(NATCOM) projects, detailed methane emission
factors have been developed not just for the
mining processes but also the residual methane
emissions that occur during transport and hand-
ling of the coal (Singh and Kumar 2016). On one
level, these emissions are significant because it has
been suggested to use 20-year methane global
warming potential (Singh and Singh 2018).
However, in this brief piece, we cover some of
the advances that could take place in GHG inven-
torying by accounting for the CO, emissions dur-
ing coal mining projects.

Coal mining processes use significant heavy
machinery and other infrastructure and it is perti-
nent to discuss the relative carbon footprint of
each of these processes. We have carried out pre-
liminary studies at two opencast mines of the
Central Coalfields Limited (CCL)—Piparwar and
Ashoka. The results showed that while fugitive
methane emissions did account for more than 3/
4™ of the total carbon footprint of the coal mining
process, around 22.5% emissions also resulted
from diesel combustion of the auxiliary processes.
This has some interesting ramifications, because
process improvements in such stages could result
in large potential fuel savings (Sahoo et al. 2014).
We also noticed that over the years, improvement
in the management of the mining processes has
led to the reduction of the emissions from diesel
combustion. Tracking these emissions is not only
interesting mathematically, but it may also be
argued that these emissions result only because
coal mining is taking place. Thus, if a life-cycle
analysis of coal mining processes is carried out
with one tonne of coal as the functional unit,
these emissions do occupy a little under one-
fourth of the carbon footprint without considering
the combustion end of the coal.
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How can results from two surface coal mines be
translated into the overall Indian coal sector?
Underground coal mining is extremely important
in regards to the fugitive methane emissions. The
emission factor for Indian underground coal mining
activities is 2.5-20 times higher than opencast mines.
Similarly, emissions for coal handling are 6.5-21
times higher for coal mined-out underground
(MoEF 2010). Moreover, machinery use in under-
ground coal mining is also higher, which means CO,
emissions from energy inputs are also likely to be
higher for the usage of mining machineries.
Currently, room-and-pillar method of mining is
the most popular method of underground mining
in India (Kushwaha et al. 2010). This method uses
the continuous miner technology, which is a high
energy consuming machinery. Similarly, significant
energy is consumed for ventilation of underground
mines, which can be optimized using control settings
of ventilation equipment and flow (Kurnia et al.
2014). Another popular method of mining is the
longwall method, for which predictive methane
emission equations have been developed (Banerjee
et al. 1994b). This process is also a highly mechan-
ized process. But, the energy consumption of the
machinery can itself be influenced by the cuttability
(and other factors of ease of mining) of the seams
which, in turn, can be influenced by a variety of
factors including the origin and depth of mining
(Singh et al. 2011, 2002). As a result, estimating
overall GHG emissions for underground mines is
an involved task and opens up an interesting
research question for the future. Moreover, studying
underground mines for this purpose is also impor-
tant because most of the opportunities of methane
mitigation by recovering coal mine methane (CMM;
i.e., simultaneous coal and gas production) or venti-
lation air methane (VAM which refers to gainful
utilization of diluted methane from ventilation sys-
tems) exist primarily in underground coal mines.

Another important consideration for better account-
ing of the GHG emissions is the accounting of fugi-
tive CO, emissions from coal mines themselves.
These emissions are being currently considered
within the 2019 Refinement to the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories
(IPCC 2016). Our hypothesis was that these emis-
sions result due to slow oxidation of the coal and
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unlike fugitive methane emissions, they do not have
any link to the volume of coal production. This is
because while the source of the methane is coal itself,
the CO, generation should be a fairly recent process,
caused due to air flow within the coal workings.
Thus, while methane is released from the coal matrix
itself, CO, is generated on the coal surface and there-
fore mechanisms for emission measurement should
be different. With this aim, we carried out prelimin-
ary studies on twelve measuring sites within three
coal mines in the Jharia coalfield in India. We found
that there was significant correlation (R? = 0.7067)
between air quantity and the quantity (or make) of
CO,, as shown in Figure 1. Further, when multi-
variate regression was carried out, we found that
the p-value for air quantity was 0.06, making it
statistically more significant than coal production,
which had a p-value of 0.38. While statistical signifi-
cance is yet to be achieved due to lesser number of
data points, which are highly localized geographi-
cally, our preliminary conclusion seems to be that
the air quantity is a much greater determinant to the
CO, emissions than coal production. It is suggested
to carry out further field trials to get results which are
valid to a greater statistical significance. Having said
that, the CO, emission levels estimated in these
mines (upto 5.44 m>/t-coal) are significant and can
further augment the GHG emission inventory of

5000
4500

4000

Make of CO, (m?/day)
- N N w w
n o [42] o [42]
o o o o o
(] o o o o

1000 °
..
500 ki .
® o
0
0 1000 2000 3000 4000

India. For practical cost reduction measures, it is
suggested that measurements for CO, and methane
emissions are carried out simultaneously at mines.

There is another crucial point which requires sys-
tematic assessment based on pilot data. Methane
drainage has been discussed by several practitioners
in the Indian context. Most notably, drainage at
seam X VI of the Moonidih mine has been proposed
by Coal India Ltd (CIL 2017). For the proposed
project at Moonidih, it has been estimated that
with a project cost of US$ 20 million, upto 78 m’-
CH,/year would be recovered (CMPDI/BCCL 2010).
A pertinent research question is how to properly
estimate and apportion fugitive methane emissions.
Significant primary data collection for three coal-
fields (Raniganj, Jharia and Bokaro) has been done
by us—whereby gas content of over 10 m’/t was seen
for some coal blocks and the content of methane
emission in the ventilation air of over 0.5% was
also observed in active mines (Singh and Hajra
2018). The utility of methane drainage is to reduce
the rate of methane emission during coal mining—
this process is called coal mine methane (CMM)
recovery. However, as an unconventional gas well,
leakage of methane may be expected during well
completion and other processes—the magnitude of
which has not been determined in any Indian

R?=0.7067 @
p-value in MVR=0.06
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Figure 1. Plot of make of CO2 versus the air quantity. Here, the p-value is obtained in a multivariate regression specifically when
considering air quantity as a variable alongside coal production. MVR: multivariate regression.



exercise so far. Proper accounting for these emis-
sions during the well-completion stage can signifi-
cantly change the cost-feasibility of the CMM
operations. For instance, Hummel et al. (2018) esti-
mate the CMM capture cost to be $ 0.95-6.02/
MMBtu. However, if additional leakage of methane
occurs while CMM operations, how would the sys-
tem boundary of life-cycle emissions be affected, and
would the global warming potential of this methane
be large enough to cause change to the economic
teasibility of the CMM project?

Thus, we conclude with the point that while sig-
nificant advances have been made in fugitive
methane emission estimation in the past two dec-
ades, some improvements could be made for better
evaluating GHG emissions from coal sector.

e First, diesel use as part of the coal mining pro-
ject itself might be prudent as such emissions
result because of coal production activities and
have been shown to be quite significant in our
two case study mines. In a life-cycle perspective,
accounting for direct as well as indirect emis-
sions is important because the major mitigation
strategy in the coal sector, i.e., CO, capture and
storage (CCS) will actually result in an increase
of mining-related emissions due to parasitic
load on the capture front.

e Further, estimating CO, emissions in tandem
with fugitive methane emissions will not only
result in more robust GHG inventories but
also be economically practical since a large
part of estimation in terms of field studies
will be largely repetitive. Here, it is important
to find better correlation of such emissions to
the air flow within mines.

® If coal use reduces in the future, methane
emissions will necessarily reduce but CO,
emissions will largely be dependent on the
mine ventilation required for safe operation
of the mines. This might mean that CO,
emissions from slow-oxidation can have
much more significant contributions (in
terms of emissions per tonne of coal mined)
when existing coal mines have reduced dis-
patch in view of coal transitions.

e With increased importance of CMM utilization
in China, India, and other coal-dependent
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economies, it is important to consider the leak-
age of methane in degasification systems which
might be quite significant in well completion
stages.
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