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Abstract : The UN Minamata Convention on mercury has
captured the attention of regulatory authorities around the
world. Every signatory country is obliged to produce
national plans on how to manage their mercury emissions .
Coal combustion is a dominant source of mercury emissions
in India, accounting for an estimated 85% of total mercury
emitted from man-made sources. As India moves ahead with
its plans for expanding available, reliable and sustainable
electric power to its citizens, the need for more effective
control of emissions to the atmosphere become paramount.
In December 2015, MoEF mandated regulations on SOx,
NOx, particulates and mercury from coal fired thermal
power plants. The new limits are seen as challenging by the
industry and will necessitate substantial capital expenditure
in the next few years. This paper compares various options
to minimize emissions, highlighting some techniques which
have found widespread application in the United States.
The effectiveness of bromide compounds to enhance the
reduction of mercury emissions from coal-fired power
plants has been well documented. In addition to mercury,
SOx and NOx levels can also be reduced through chemical
additive techniques. Bromide based technologies can be an
effective part of a comprehensive co-benefit strategy to
reduce mercury emissions in conjunction with other
pollutant control strategies. Limited available data indicates
that the use of bromide can be a viable option for achieving
mercury emission reductions that would significantly
contribute to India’s compliance with the MoEF regulations.
We provide this paper to demonstrate the enhanced mercury
reduction achieved from the use of calcium bromide in coal
fired plants in the USA and to provide data from sources
that have implemented the calcium bromide mercury
reduction technology. We discuss the relevance of this
technology for Indian thermal power plants.
Mercury in the environment – the issue
Mercury is a natural part of the earth’s crust with an
estimated average concentration of 50 parts per billion.
Like all minerals, concentrated deposits are found in
specific areas such as coal or limestone. Because it is a
natural element it can not be destroyed, only changed in
form. Mercury is generally found in an oxidized form as a
salt. Mercury is released to the biosphere through natural
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processes such as volcanic eruptions or weathering of the
earth’s crust when it is changed from a bound, nontransportable form to the elemental form that can be
transported by air or water. It can also be released by
anthropogenic processes, such as fossil fuel combustion or
industrial processes like gold mining, in which it is
converted to the elemental form and released as a vapor.
Mercury deposited in aqueous ecosystems such as ponds,
lakes, or wetlands can be transformed into methyl mercury
by sulfate-processing bacteria. Methyl mercury can be
adsorbed onto plankton which, when consumed, become the
primary entry point into the food chain. Methyl mercury is
absorbed rapidly and excreted slowly allowing
bioaccumulation at each level of the food chain.
Methyl mercury is a toxic form of mercury affecting the
nervous, immune, and enzyme systems. A developing fetus
is five to ten times more sensitive to methyl mercury than an
adult. Therefore, children born to women who consume
large quantities of contaminated fish are at risk for
neurological damage.1,2 The neurological damage suffered
by the fetus can result in children being born with learning
disabilities.3,4
Control of Mercury Emissions with Air Pollution
Control Devices
Coal- fired power plants account for a significant proportion
of the anthropogenic mercury globally. Coal contains a
number of other impurities which influence how it burns,
the type and amount of pollutants released, and the type of
abatement equipment required to control its emissions.
Among the pollutants found in the flue gas are unburned
carbon, fly ash, sulfur oxides (SOx), nitrogen oxides (NOx)
and particulate matter.
To reduce the emission of pollutants from coal fired boilers,
air pollution control (APC) devices , such as electrostatic
precipitators (ESP), flue gas desulfurization units (FGD),
and selective catalytic reduction (SCR) units are installed in
power plants to control SOx, NOx and particulate matter..
These APC devices can also help to remove some mercury
from the flue gas stream. Of the 1300 plus boilers in the
United States, 37% use an ESP as their primary APC device.
The remaining 63% of the boilers use one of ten different

types of APC configurations.5The coal type and source, the
boiler configuration and operation, and the APC
configurations all contribute to the complexity of choosing a
mercury-specific control technology.

Table 1: Mercury Removal with the Addition of Calcium Bromide

Improvement of Abatement of Mercury Emissions via
Oxidation with Bromine Compounds

Equipment*

Mercury is released when coal is burned and takes three
forms in the flue gas: elemental, oxidized, and particulate.
Oxidized and particulate mercury can be controlled by
abatement equipment designed for other pollutants such as
ESP or FGD units. However, elemental mercury is gaseous
at combustion temperatures and is difficult to capture.
Therefore, chemical additives have been developed to
oxidize the elemental mercury in the flue gas, converting it
to a form which can be captured by current abatement
equipment.
Calcium bromide (CaBr2) is one of the chemical additives
that has been developed as a mercury-specific control
technology. When used in combination with a number of
APC configurations, CaBr2 is effective in reducing total
mercury emissions by oxidizing elemental mercury that is
then captured by the abatement equipment. The percent
reduction of mercury emissions from several APC
configurations are shown in Table 1.
The baseline data indicates the percentage of mercury
removed by the APC configuration without any mercury
specific control technology. The mercury removed by these
APC configurations is oxidized or particulate mercury.
With the addition of calcium bromide the percentage of
mercury removed increases with each abatement
configuration. The increased removal of mercury indicates
that calcium bromide effectively oxidizes previously
uncaptured elemental mercury, which is then collected by
the APC devices. In addition, these results highlight the
ability of calcium bromide to improve mercury removal
from the flue gas across a variety of abatement
configurations.
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Sorbents, such as activated carbon (AC), are another
mercury-specific control technology which has been
successful in reducing mercury in flue gas streams. Table 2
shows a number of abatement configurations where calcium
bromide has been used in combination with activated
carbon. The data indicate that the addition of calcium
bromide improves the effectiveness of activated carbon in
removing mercury.

Table 2: Mercury Removal with Activated Carbon & Calcium
Bromide
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The data presented above demonstrates that calcium
bromide can be used to enhance the reduction of mercury
emissions with most existing APC systems. Calcium
bromide is versatile enough that it can be added to the
pulverized coal, injected into the boiler, or into the flue gas
stream. The equipment to introduce calcium bromide
requires moderate capital investment and has low impact on
overall operating costs. Because the addition of calcium
bromide is not harmful to boilers, adds minimal variable
cost, and does not negatively affect the use of fly ash for
sale to the concrete industry as a cement replacement, it has
minimal impact on operating costs.22
Mercury Emissions Control Regulations
A UN Regulation called the Minamata Convention
governing the releases of mercury to the environment is
expected to be ratified in 2017. Once ratified, this
Regulation will become legally binding on the Parties which
are a signatory to the Convention. India became a signatory
to the Minamata Convention on 30th September 2014.
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Table 3: Notified Air Pollution Control Norms for TPPs –
India (Ministry of Environment & Forests, 8th December 2015)



SCR / SDA / FF (selective catalytic reduction / spray
dryer absorber / fabric filter bag house)

Age of unit

Parameter

Proposed limits

TPPs
before
2003

Particulate matter

100 mg/Nm3

Sulphur dioxide

600
mg/NM3
(<500MW)

In some APC configurations, such as electrostatic
precipitators or fabric filters, the combination of calcium
bromide and activated carbon to enhance mercury removal
may allow plants to achieve the necessary reductions
without the need for changes to existing control devices.
For example, in older or smaller plants the APC units may
be undersized to handle the increased particulate loading of
activated carbon injection that would be needed to achieve a
high level of mercury removal. In these plants, the addition
of calcium bromide to promote the oxidation of elemental
mercury can reduce the level of activated carbon needed. In
many cases this would allow the plant to use existing
equipment minimizing the cost to achieve reduced mercury
emissions.
In 14 full-scale coal-fired power plant tests using calcium
bromide to oxidize elemental mercury, greater than 90% of
the mercury was oxidized with the addition of 25 to 300
ppm bromide by weight of coal. In a plant trial with an
SCR in the abatement configuration, 90% mercury
oxidation was achieved with <20 ppm bromide. 16

The regulatory framework in India for air pollution
from coal fired power plants
The Ministry of Environment and Forests (MoEF) issued
norms in December 2015 for coal fired thermal power
plants, targeted at the following pollutants – particulate
matter, SOx, NOx and mercury (Table 3). The deadline for
compliance is December 2017.

installed
Dec 31st

200 mg/NM3 (>500
MW)

TPPs
installed
between 1/1/2004
and 31/12/2006

Oxides of nitrogen

600 mg/NM3

Mercury

0.03 mg/NM3 (500
MW and above)

Particulate matter

50 mg/NM3
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Oxides of nitrogen

300 mg/NM3
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0.03 mg/NM3

TPPs installed from
1/1/2017

Particulate matter

30 mg / NM3

Sulphur dioxide

100 mg/NM3

Oxides of nitrogen

100 mg/NM3

Mercury

0.03 mg/NM3

TPPs ( units) shall meet the limits within two years from the
date of publication of this notification.
Discussion
Due to the impending deadline, it is reported that power
sector operators are urgently assessing their options. It has
also been estimated that the overall cost of compliance will
be in the region of Rs 2 lakh crores and increase the national
power tariff by up to 23%. This is due to the large capital
expenditures necessitated by systems such as Flue Gas
Desulphurisation (FGD) for SOx and and Selective
Catalytic Reduction (SCR) for NOx and upgrading of
Electrostatic Precipitators (ESPs). It is outside the scope of
this paper to discuss these systems in detail, however there
are other technology options such as furnace sorbent
technologies that are far more cost effective and it is
probable that such systems will enter the Indian market in
the years to come. These systems can be well integrated
with the mercury control techniques described in this paper.
In terms of mercury content in Indian coals, CIMFR
compiled a comprehensive report published in February
2014 on behalf of the UN Chemicals Division and funded
by the European Union. The mean value of mercury from an
assay of 66 samples was found to be 0.14 g/tonne, which is
fairly representative of the global mean. Within these
samples, the variation was 0.003 to 0.34 g/tonne. The
mercury concentration in the flue gases was measured at
three units at 14.84, 11.5 and 4.24 µg/Nm3 ; this is within
the emission limit specified for mercury in the MoEF
Notification at 30 µg/Nm3, although the sample size is
comparatively small. The initial conclusion that can be
drawn from this report is that it is possible to meet the
current emission limit for mercury without any additional
abatement. However, it must be borne in mind that the
emission limit is not representative of modern regulatory
regimes such as in the USA and the European Union, where
limits are typically below 10 µg/Nm3. Further, with the
coming into force of the Minamata Convention and the
public recognition of the toxic effects of mercury on human
health and the environment, it would be prudent to
anticipate that emission limits will become more stringent,
in keeping with the other air pollutants such as particulates,
SOx and NOx and plan accordingly.

Conclusion
The effectiveness of bromine and bromide compounds to
enhance the removal of mercury emissions from coal-fired
power plants has been well documented. As regulatory
agencies evaluate the effectiveness of emissions abatement
systems, the current or potential future use of calcium
bromide and other bromine-based additive technologies
should be considered in setting emissions limits and
providing guidance on effective control technologies. We
believe that the use of calcium bromide and other brominebased additive technologies provide highly cost-effective
controls for mercury emissions such that this technology
should prove to be useful for countries like India, China and
South Africa as they implement mercury reduction
strategies.
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