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Abstract: The importance of Coal in generation 

of electricity is well established. But, during the 

combustion of coal for generation of electricity, 

oxides of nitrogen (NOx) are also released. These 

oxides of nitrogen are pollutants which have an 

adverse effect on both the human life as well as 

the environment. Due to the increased pollution 

level from Coal Fired Power Plants, Ministry of 

Environment & Forests (MOE&F) on Dec 2015, 

announced stringent standards for coal based 

thermal power plants under the Environment 

Protection Act of 1986. Though various NOx 

control systems have been installed and 

functioning properly worldwide, but their 

provenness in the Indian scenario is yet to be 

established. As the coal in which the Indian 

power plants operates have a very different 

characteristics than the coal used abroad for 

power plants. This paper aims to address and 

explore the various methods and challenges in 

reducing the NOx emissions from Coal Fired 

Power Plants while firing Indigenous coal. 

 

I. INTRODUCTION 

 

Fossil fuels, and in particular coal, is the main 

input fuel to the Power Sector in the current 
scenario. Also, coal is, and will continue in the near 

future to be the backbone of Indian Power Plants. 

Out of the total installed capacity of 3,70,106 MW 

of Power Plants in India, approx. 2,30,600 MW 

(i.e. 62.31 % of the installed capacity) is from 

Thermal Power Plants. And out of which, 55.43 % 

is through Coal Based. [1] 

These Thermal Power Plants mostly use the 

primary fuel as coal, i.e. combustion of coal inside 

the power plant furnace is the primary medium of 

generating heat for producing electricity. 
 

But, apart from generating electricity, combustion 

of coal is also responsible for generating a 

significant amount of air borne pollutants including 

carbon dioxide, CO2), sulphur dioxide (SO2), 

nitrogen oxides (NOx), particulate matter (PM), 

various trace metals including mercury (Hg). 

 

India did not have standards for the emission of 

sulphur oxide, nitrogen oxides and mercury until 
December 2015. The only standards that existed 

before Dec 2015 were for particulate matter (tiny 

pollutant particles). 

Considering India’s own initiative to go green, the 

Indian Ministry of Environment, Forests & Climate 

Change (MOEFCC) was committed for stringent 

new standards to regulate NOx, SOx, particulate 

matter and mercury emissions from coal fired 

power plants. Hence, in December 2015, MOEFCC 

announced tighter standards for coal-based thermal 

power plants under the Amendment to 

Environment Protection Act of 1986. These are 
indicated in Table – 2.[2]. 

 
Table-2 : MOEF Norms Dec 2015.[2] 

Pollutants TPPs  

(units) to 

be 

installed 

after 

01.01.2017. 

TPPs  

(units) 

installed 

between 

01.01.2004 

and 

31.12.2016. 

TPPs ( units) 

installed 

before 
31 Dec 2003. 

Particulate 
Matter 
(PM) 

30 mg/Nm3 50 mg/Nm3 100 mg/Nm3 

Oxides of 
Nitrogen 
(NOx) 

100 mg/Nm3 300 mg/Nm3 600 mg/Nm3 

Table-1 : Sector wise Contribution  

(as on 31.03.2020) [1]
 

SECTOR 
CAPACITY, 

MW 

Total Installed Capacity 3,70,106 

Coal 2,05,135 

Gas 24,955 

Oil 510 

Nuclear 6,780 

Hydro 45,699 

RES 87,028 
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Sulphur 
Dioxide 
(SO2) 

100 mg/Nm3 600 mg/Nm3 
(For units 
< 500MW) 
 
200 mg/Nm3 
(For units 
≥500MW) 

 

600 mg/Nm3 
(For units 
< 500MW) 
 
200 mg/Nm3 
(For units 
≥500MW) 

 
Mercury  
(Hg) 

0.03 mg/Nm3 0.03 mg/Nm3 0.03 mg/Nm3  
 

 

These new norms will affect the existing 2,05,135 

MW and under construction 64,861.15 MW [3] coal 

based thermal power plants. 

Though various NOx control systems have been 
installed and functioning properly worldwide, but 

their proveneness with the Indian coal is yet to be 

established.[4] 

Several deliberations regarding this issue have 

taken place at different platforms, but effectiveness 

of any technology is yet to be established for the 

high ash Indian coals and even with the passage of  

about 5 years since the announcement of these 

norms, any benchmark project for post combustion 

NOx control for high ash Indian coal is yet to set 

up. 

 

The initial deadlines for adherence to these norms 

were by Dec 2017. But, after considering the 

complications involved, the deadline for complying 

with the emission norms has been extended till 

2023-2024, by the Indian Ministry of Environment, 

Forests & Climate Change (MOEFCC). 

   

II. LITERATURE REVIEW 

 

Harmful Effects of NOx  
The harmful effects of NOx include formation of 

ground level ozone, acid rain, particulate matters, 

toxic chemicals, deterioration in water quality and 

global warming which are known to cause a wide 

variety of health and environmental impacts. 

 

Estimates of Annual NO emissions 
As per a separate research on “Estimates of 

Emission from Coal Fired Thermal Power Plants in 

India”, the region wise annual NO emission from 

2001 to 2010 are summed up in Table – 3 & 4 

below. [4] 

 

Table-3 : Region wise NO emission (Gg)  

during 2001-02 to 2009-10 [4] 

 

Table-4 : Region wise NO emissions per unit of 

electricity generation (g/kWh) during 2001-02 to 

2009-10 [4] 

 
These estimates show that annual NO emissions in 

India have increased from 1.5 million tons in 2001-

02 to 2.3 million tons in 2009-10 at an average 

annual rate of 5.65 per cent. The Eastern region has 

the lowest NO emissions and the electricity 

generation while the Western region has the highest 

NO emissions and the electricity generation. [4] 

Furthermore, it has also been analysed that NOx 

emissions from Indian thermal power plants over 

1996 to 2010, has increased at least 70% over this 
period. [5]  

For the whole of India, the average NO emissions 

were in the range of 4.2-4.4 g/kWh over the nine 

year period of 2001-02 to 2009-10. [4]  

 

Typical Coal Fired Power Plant 

Fig 1 below depicts the flow diagram for a typical 

coal fired power plant. Combustion of coal takes 

place in the furnace where the heat energy 

generated from combustion is transferred to the 

water to form superheated steam to drive the 

turbine which further acts as a prime mover for the 
generator to generate electricity. 
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The products of combustion (also known as flue 
gas) are expelled from the furnace through the so 

called flue gas path. The flue gas path consists of 

the economiser (transfers heat to feed water), air 

preheater (transfer to heat to input air), 

Electrostatic Precipitator (removal of particulate 

matter), ID Fan (extracting flue gas) and the 

Chimney (exhaust for flue gases). 

 

NOx formation mechanism in Thermal 

Power Plants 
NOx is the term used for oxides of Nitrogen. This 

general term is used in Power Plant for the 

cumulative emissions of nitric oxide (NO), nitrogen 

dioxide (NO2) and small quantities of other 

nitrogen-bearing species formed during 

combustion. 

NOx emissions from combustion processes are 

about 90 to 95% NO, ~5% NO2, and < 1% of N2O. 
This proportion largely depends on the combustion 

intensity. [7] and there are three principal 

mechanisms of NOx formation in combustion 

process: [7] 

i. Thermal NOx  

ii. Fuel NOx  

iii. Prompt NOx 

 

i.   Thermal NOx 

This contributes approx. 20 % of the total 
NOx emission from the furnace. Thermal NOx 

is the NOx formed by the oxidation at high 

temperature of nitrogen found in the 

combustion air. The rate of formation depends 

on temperature as well as residence time. 

Under oxidizing conditions, above 2200oF 

(1204oC), significant levels of NOx  are usually 

formed with exponential increases as the 

temperature is increased.  

Since the principal conditions for proper 

combustion, i.e. high temperature, long 
residence time and high turbulence, are also 

responsible for the increased rate of thermal 

NOx formation, a balance between effective 

combustion and controlled NOx formation is 

needed. [5] 

 

ii. Fuel NOx 

During combustion, the fuel bound nitrogen in 

nitrogen bearing fuels such as coal and oil  is 

the major source of NOx emissions. During 

combustion of coal in furnace, 80% of the total 

uncontrolled NOx emissions is due to the fuel 
NOx. Nitrogen present in coal is a part of the 

organic compounds of coal. This nitrogen is 

released as a free radical to ultimately form NO 

or N2, during combustion. The majority of NOx 

formation from fuel-bound nitrogen occurs 

through a series of reactions that are not fully 

understood. However, it is apprehended that 

this conversion takes place by two separate 

paths. 

In the first path, during the initial phase of 

combustion, the oxidation of volatile nitrogen 
compounds takes place. During the release and 

prior to the oxidation of the volatile 

compounds, nitrogen reacts to form several 

intermediate compounds in the fuel-rich flame 

Fig 1 : Typical Coal Fired Power Plant 

 

 

Fig.2 : NOx formation from Nitrogen contained 

in Coal during Combustion[10] 
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regions. 
Conversion of fuel-bound nitrogen to NOx is 

strongly dependent on the fuel/air stoichiometry 

but is relatively independent of variations in 

combustion zone temperature. Therefore, by 

controlling the oxygen available during the 

preliminary stages of combustion, this 

conversion can be controlled. A substantial 

reduction in NOx emissions by controlling 

stoichiometry in the initial devolatilization zone 

can be achieved by methods such as controlled 

fuel-air mixing and staged combustion. [5] 
 

iii. Prompt NOx  

This is produced in fuel- rich conditions by a 

complex series of reactions between 

hydrocarbon radicals and molecular nitrogen in 

the flame zone, resulting in the formation of 

amines and cyano compounds and their 

subsequent oxidation to NO. It is a relatively 

small contributor to total NOx formation, 

especially in the combustion of coal and other 

nitrogen-containing fuels. [5] 

 

Control of NOx emission 
The control mechanisms envisaged for emission of 

NOx from Power Plants can be broadly categorised 

in two categories. 

i. Control of NOx formation  

  (Reducing NOx formation during combustion) 

ii. Post Combustion Control  

   (Capturing NOx formed after combustion.) 

 

i. Control of NOx formation 

The formation of NOx can be normally 

controlled by the following methods. [7] 

a) By reducing peak and average flame 

temperatures. - Controlled mixing burners to 

slow the combustion process.  

b) Staged combustion – A portion of the 
combustion air is added initially to burn the 

fuel; the balance air is introduced in a phased 

manner to complete the combustion process.  

c) Flue gas recirculation (FGR) - Mixing some 

of the flue gas with the combustion air at the 

burner which increases the amount of gas to 

be heated by the chemical energy in the fuel, 

resulting in reduction of flame temperature.  

 

ii. Post-combustion reduction 

After combustion of fuel in the furnace, flue 
gas is formed which contains the pollutants 

including NOx. This flue gas, before being 

expelled to the atmosphere passes through a 

series of ducts and technological equipments 

(viz. Economizer, Air Preheater, Electrostatic 

Precipitator, Induced Draught Fans, FGD 

units) which have their distinct technological 

functions. Additional NOx control techniques 

are applied downstream of the combustion 

zone, i.e. after the furnace to achieve the 

further reductions. 
There are two types of post-combustion 

methods, i.e. SCR (selective catalytic 

reduction) and SNCR (selective non-catalytic 

reduction). In both the methods, a reagent (or 

reagents) injected into the flue gas which 

reduces NOx to nitrogen (N2) and water 

(H2O) through a series of reactions. [7] 
 

Selective catalytic reduction (SCR)  

In this technology a reductant (generally 

 ammonia or urea) is introduced into the hot 

flue gas through an injection grid. The flue gas  
with the ammonia passes through a catalyst 

(titanium dioxide with small amounts of 

vanadium, molybdenum, tungsten, or a 

combination of other active reagents) for a 

required residence time to achieve design 

performance (arranged generally in blocks or 

corrugated honeycomb structure) and the NOx 

reduction reactions occur within the 

micropores of the catalyst. [7] 

4NO + 4NH3  + O2  → 4N2  + 6H2O 

NO + NO2  + 2NH3 → 2N2  + 3H2O 

SCR can effectively reduce NOx levels leaving 

the boiler by 90% or greater depending on the 
specific project and space availability. 

The ideal gas temperature for NOx reduction 

ranges from 700 to 7500F (371 to 399OC). 

 

For installing SCR, there are two possible 

locations / variations 

Hot side/high dust  

The typical SCR system is located at the 

economizer outlet, preceding the air heater. This 

is the hot side location for all fuel types and the 

high dust location for ash-laden fuels. 

Fig 3 : NOx removal mechanism in SCR [10] 

 

 

Economiser 

Side 

 

 

 

Air Pre Heater Side 
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Cold side/low dust  
An alternative SCR location is after the air 

heater and particulate collection or flue gas 

desulfurization (FGD) systems. These systems 

must also include a method to increase the flue 

gas temperature.  

Since, the temperature at this location is below 

the ideal gas temperature for NOx reduction 

range, hence additional arrangement is 

required for increasing the flue gas 

temperature.  This may include gas-to-gas air 

heaters, high pressure steam heat exchangers, 
duct burners, or a combination of these 

components. When installed after an FGD 

system or on a low sulfur fuel and after the 

Electro Static Precipitator, this typically results 

in a design gas temperature of 600 to 650oF 

(316 to 3430C).  

 

Selective non catalytic reduction (SNCR)  

SNCR technologies inject a reducing agent 

(generally ammonia or urea) into NOx laden flue 

gas within a specific temperature zone. The 

reducing agent has to be properly mixed with the 
flue gas for effectiveness of the process. Finally, 

the mixture must have adequate residence time 

at temperature for the reduction reactions to 

occur. 

      Ammonia  

4NO + 4NH3  + O2  →4N2  + 6H2O 

       Urea                   

4NO + 2CO (NH2 )2 +  O2  → 4N2  + 6H2O + 2CO2 

The acceptable temperature range for either 

reaction is 1400 to 20000F (760 to 10930C), 

although temperatures above 17000F (9270C) 

are preferred. [8] 

 

III. PROBLEM FORMULATION  
 

The predominant method of thermal NOx control is 

by using low NOx burners and using a catalyst for 

reduction. But, these low NOx burners are effective 

only for reducing thermal NOx which contribute to 

about 20 % of NOx formation. Hence, the 

alternative left for major NOx control is in post 

combustion by utilising catalytic reduction (either 

SCR or  SNCR). 

 

Issues and Limitations  
For control of Post Combustion NOx in Coal Fired 

Power Plants, both the SCR & SNCR technologies 

have their own restrictions and their provenness for 

the high ash Indian Coal is yet to be established. 

Indian coals here have high ash content (40 – 45 

%).[15] Unfortunately, nowhere in the world are 

such high ash fuel burnt in Power plants and SCR 

has not been installed in units using fuel with an 

ash content exceeding 60 g/m3, well below Indian 

average of about 80 g/m3. [9] 

These technologies for complying are mostly off-
the-shelf and still there is certain uncertainty about 

the exact level of modification required in these 

technologies for NOx reduction considering the 

high ash Indian coal. [7] 

 

i. Issues and Limitations in SCR System 

SCR systems are prone to choking and 

contamination during operation as the catalysts 

available in the market is generally porous in 

construction. And, these pores are vulnerable to 

choking by the components present in 
combustion/fuel gas. The ideal gas temperature for 

NOx reduction ranges from 700 to 7500F (371 to 

3990C). Hence, the typical SCR system is 

located at the economizer outlet, preceding the 

air heater which is also the high dust location for 

ash-laden fuels. [7] This causes adverse ash 

effects on the catalyst. And this effect will 

intensify especially with the high ash Indian 

Coal. 

Also, the region of the boiler system between 

the economizer and airheater experiences 

temperature fluctuations with varying loads and 
fuel composition. [7] As a result, SCR system 

design must accommodate swings in flue gas 

temperature while maintaining the desired 

performance, without affecting boiler operation. 

An alternative SCR location is after the air 

heater and particulate collection or flue gas 

desulfurization (FGD) systems. But the 

temperature at this region is below the ideal gas 

temperature for NOx reduction range. Hence, an 

aditional method to increase the flue gas 

temperature is necessitated in this case.  
Another issue with the SCR technology is the 

incomplete reaction of ammonia and NOx 

(ammonia slip) which may result in one or more 

problems, including: [7] 

• Formation of ammonium sulphate and 

ammonium bisulphate due to the sulphur 

content of the fuel or other ammonium salts 

which can plug or corrode the air heater and 

other downstream components;  

• Ammonia absorption on fly ash, which may 

make disposal or reuse of the ash difficult.  

 

ii. Issues and Limitations in SNCR System 

The reaction involved requires a sufficient 

reaction time within a certain narrow 

temperature range, to be effective. If the 

temperature is low, the reaction between 

ammonia and NO does not take place. This 

unreacted ammonia remains in the flue gas and 

may react with other combustion species, such 

as sulfur trioxide (SO3) to form unwanted 

ammonium salts.  Also, at higher temperatures 

above 1093 °C, ammonia decomposes: [7] 

4 NH3 + 5 O2 → 4 NO + 6 H2O 
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In such conditions, NO is further created instead 
of being removed. 

A further complication is mixing. As the walls 

are cooler than the centre, it may result in more 

NO formation at the centre which reduces as we 

move farther towards the walls,. Thus, more 

ammonia must find its way to the centre and less 

near the walls, otherwise NO in the centre meets 

insufficient ammonia for reduction and excess 

ammonia near the walls slips through. [7] 

Theoretically, the same efficiency of about 90% 

is achieved in both the selective non-catalytic 
reduction and  selective catalytic reduction 

(SCR), the actual practical results are 

unpredictable due to the practical constraints of 

temperature, time, and mixing.  

The high ash content may cause choking of the 

catalyst blocks in SCR System while due to a 

very narrow operating range of temperature, the 

SNCR system is not as efficient as SCR System 

and is only suitable where moderate reductions 

are required. [9] 

Concern about the high ash coals has often been 

discussed and presented at various technological 
forums but no concrete solution has yet been 

evolved. 

 

Apart from the technological issues, one of the 

judging factor which cannot be overlooked is that 

these technologies require higher capital and 

operating cost, as addition/ modification of any 

additional technology will require monetary 

investments which in turn will further increase the 

cost of generation.  

 
Hence, considering the complications involved, the 

MOEF in its latest notification has further extended 

its deadline and the power plants are required to 

meet the environmental emission norms by 2023 to 

2024. 

 

IV. CONCLUSION 

 

Though research and development to explore for 

effective measures of NOx control while 

maintaining equilibrium between cost and 

effectiveness is mandated, the emphasis should also 
be on time bound results and subsequent 

implementation. As every delay caused in the 

implementation of these pollution control measures 

are leading to emission of more harmful particles in 

the environment. 
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