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PREFACE
This report has been produced by the International Centre for Sustainable Carbon (ICSC) and is based on
a survey and analysis of published literature and on information gathered in discussions with interested
organisations and individuals. Their assistance is gratefully acknowledged. It should be understood that the
views expressed in this report are our own and are not necessarily shared by those who supplied the
information, nor by our member organisations.
The International Centre for Sustainable Carbon was established in 1975 and has contracting parties and
sponsors from Australia, China, Italy, Japan, Russia, South Africa, and the USA.
The overall objective of the International Centre for Sustainable Carbon is to continue to provide our
members, the International Energy Agency (IEA) Working Party on Fossil Energy and other interested
parties with definitive and policy relevant independent information on how various carbon-based energy
sources can continue to be part of a sustainable energy mix worldwide. The energy sources include, but
are not limited to coal, biomass, and organic waste materials. Our work is aligned with the UN Sustainable
Development Goals (SDGs), which includes the need to address the climate targets as set out by the
United Nations Framework Convention on Climate Change. We consider all aspects of solid carbon
production, transport, processing, and utilisation, within the rationale for balancing security of supply,
affordability, and environmental issues. These include efficiency improvements, lowering greenhouse and
non-greenhouse gas emissions, reducing water stress, financial resourcing, market issues, technology
development and deployment, ensuring poverty alleviation through universal access to electricity,
sustainability, and social licence to operate. Our operating framework is designed to identify and publicise
the best practice in every aspect of the carbon production and utilisation chain, so helping to significantly
reduce any unwanted impacts on health, the environment and climate, to ensure the wellbeing of societies
worldwide.
The International Centre for Sustainable Carbon is a Technology Collaboration Programme organised
under the auspices of the International Energy Agency (IEA) but is functionally and legally autonomous.
Views, findings, and publications of the International Centre for Sustainable Carbon do not necessarily
represent the views or policies of the IEA Secretariat or its individual member countries.

Neither the International Centre for Sustainable Carbon nor any of its employees nor any supporting
country or organisation, nor any employee or contractor of the International Centre for Sustainable
Carbon, makes any warranty, expressed or implied, or assumes any legal liability or responsibility for the
accuracy, completeness or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.
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BACKGROUND
This technical report represents the results of a piece of work that forms part of a significant project
undertaken by the International Centre for Sustainable Carbon (ICSC) on behalf of the US Department
of State, Agreement Number: SLMAQM19CA238: ‘Capacity building in Southeast Asia to reduce mercury
and other pollutant emissions from the coal combustion sector’.
The project comprises two major areas of work to reduce emissions from the coal-fired power sector:
one in Indonesia focusing on mercury emissions; and the second in India which addresses additional
pollutants – sulphur dioxide (SO2) nitrogen oxides (NOx), and particulate matter (PM) as well as
mercury.
The project in India is focused on knowledge sharing and capacity building, in 3 pillars of work:
•

Pillar 1 – emissions monitoring;

•

Pillar 2 – emissions reduction, and ash management;

•

Pillar 3 – flexibility of plant operation.

This report presents work from Pillar 1: the evaluation of the current status of continuous emission
monitoring (CEM) systems in India. The conclusions of the report will inform the development of
training and capacity building to be delivered within India.
More details on this US Department of State project can be found on the ICSC website,
www.sustainable-carbon.org.
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ABSTRACT
The coal-fired power sector is one of the most polluting sectors in India. Coal-fired power plants
contributed 60% of the total particulate matter, 45% of the total SO2, 30% of the total NOX, and more
than 80% of the total mercury emissions from all industrial sectors in the country in 2020. A robust
monitoring system delivered by continuous emission monitors (CEM) is required to accurately
account for these emissions. The installation of CEM throughout various industrial sectors (such as
utility boilers, incinerators, and paper production) in India was mandated in 2014 but implementation
has been significantly delayed. According to the 2018 guidelines, each source must install CEM systems
and then register them through the Central Pollution Control Board (CPCB) online registration portal
and separately to the respective State Pollution Control Board (SPCB) so that they deliver real-time
data directly to the regulators. However, studies published by stakeholders in India since 2017 have
identified potential issues with CEM installation, calibration, operation, and maintenance as well as
with an inadequate knowledge base among stakeholders. Problems with the application of CEM for
compliance monitoring in India are significant and, without fundamental changes in legislation and
standardisation within the sector, the situation is unlikely to improve.
This report reviews publicly available data on CEM at coal-fired power plants in India.
Recommendations are given for improving CEM utilisation and data handling as well as a roadmap for
future capacity building among stakeholders through workshops and training courses.
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ACRONYMS AND ABBREVIATIONS
API

application programming interface

BND

Bhartiya Nirdeshak Dravya (trademark of certified reference material from CSIR-NPL)

CAAQMS

continuous ambient air quality monitoring stations

CSIR-NPL

Council for Scientific and Industrial Research – National Physical Laboratory, India

CEA

Central Electricity Authority, India

CEM

continuous emission monitor(s)

CEN

Comité Européen de Normalisation (European Committee for Standardization)

CEQM

continuous effluent quality monitor

CFR

Code of Federal Regulations, USA

CPA

critically polluted area

CPCB

Central Pollution Control Board, India

CSE

Centre for Science and Environment, India

CSIR

Council for Scientific and Industrial Research, India

CTO

Consent to Operate

CVAAS

cold-vapour atomic adsorption spectroscopy

CVAFS

cold-vapour atomic fluorescence spectroscopy

DDCMIS

distributed digital control monitoring and information system

DOAS

differential optical absorption spectroscopy

DVC

Damodar Valley Corporation

EMS

effluent monitoring system

EPCA

Environmental Pollution Prevention and Control Authority, India

EPRI

Electric Power Research Institute, USA

ESP

electrostatic precipitator

ETU

Environmental Training Unit (of the CPCB), India

FGD

flue gas desulphurisation

FTIR

Fourier transform infrared spectroscopy

GPCB

Gujarat Pollution Control Board, India

I3E

International Initiative for Impact Evaluation

ICSC

International Centre for Sustainable Carbon

IEA

International Energy Agency, France

IR

infrared

ISO

International Organization for Standardization

MCERTS

Monitoring Certification Scheme, UK

MOEFCC

Ministry of Environment, Forest, and Climate Change, India

MOP

Ministry of Power, India

MPPCB

Madhya Pradesh Pollution Control Board

NABL

National Accreditation Board for Testing and Calibration Laboratories, India

NAMP

National Air Quality Monitoring Programme, India

NCR

National Capital Region

NCAP

National Clean Air Programme, India
INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
7

NDIR

nondispersive infrared

NDUV

nondispersive ultraviolet

NGT

National Green Tribunal, India

NPL

National Physical Laboratory, India

NPL ICS

NPL India Certification Scheme

NTPC

formerly known as National Thermal Power Corporation Ltd

OCEMS

online continuous emission/effluent monitoring system

PCB

Pollution Control Board

PCC

Pollution Control Committee

PLC

programmable logic control

PM

particulate matter

PM2.5

particulate matter below 2.5 µm in diameter

PM10

particulate matter below 10 µm in diameter

ppm

parts per million (concentration)

PTZ

pan-tilt-zoom camera

QA/QC

quality assurance and quality control

QSTI

qualified source testing individual, USA

QSTO

qualified source testing observer, USA

RAP

Regulatory Assistance Project, India

RATA

relative accuracy test audit

RTDMS

real-time data management system

RTI

Right to Information, India

SES

Source Evaluation Society, USA

SPCB

State Pollution Control Board, India

SWFGD

seawater FGD

USEPA

United States Environmental Protection Agency

TDLS

tuneable diode laser spectrometry

TPDS

Technology Provider for Data Submission

TSS

total suspended solids

TUV

Technischer Überwachungsverein (German Technical Inspection Association)

UKEA

United Kingdom Environment Agency

UV

ultraviolet

WHO

World Health Organization

WLFGD

wet limestone FGD

Note: all monetary values are in United States dollars ($) unless otherwise stated.
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UNITS
GW

gigawatt

GWh

gigawatt-hour

m

cubic metre (assumed to be normal cubic meter, Nm3, at 0°C and 101,325 Pa = 1 atmosphere
of pressure, unless otherwise stated)

3

mA

milliamps

mg

milligram

MW

megawatt

Rs

rupee (75.43 Rs = 1 US$) (December 2021)

t

metric tonne (1 tonne = 1000 kg)

TW

terawatt

TWh

terawatt-hour

µm

micrometre (10-6 metre)
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1

INTRODUCTION

The International Centre for Sustainable Carbon (ICSC) has recently reviewed the status of the coalfired power fleet in India in detail, focussing on fleet performance and the potential for reducing
emissions (Adams and others, 2021). The study noted that India’s power generation output had
reached 1547 TWh (terawatt-hours) by 2019 and coal accounted for 75% of total electricity generation.
By August 2021, the installed generating capacity in India had increased to 384 GW, including 234 GW
of thermal generation (an increase in coal-fired plants from 204 GW in 2019; CEA, 2021b). An
additional 36 GW of coal-fired power plants is at various stages of construction and will be
commissioned by 2025 (MOP, 2021). As India continues its rapid economic development, an increase
in demand for electricity is inevitable. It is likely that in the near term at least, some of this demand
will be satisfied by new or improved coal-fired power plants and, at the same time, a significant
proportion of the existing fleet will remain in operation. Coal-fired power plants will therefore be an
integral part of the generation capacity in India for some time, even as the country moves towards
higher capacity and output of renewable energy.
Emissions are significant from the coal-fired power generation. Figure 1 shows the sectoral emissions
of SO2, NOx and PM2.5 (fine particulate matter below 2.5 µm in diameter), as estimated by the
International Energy Agency (IEA, 2019). Emissions from the power sector, in dark blue, are the
largest source of SO2 emissions and the second largest source of NOx emissions.

Figure 1 SO2, NOx and PM2.5 emissions by source in India, 2018 (IEA, 2019)
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INTRODUCTION

When focussing only on stationary sources (excluding agriculture and transport), the coal-fired power
sector is one of the most polluting industrial sectors in India. Based on emission factor estimates,
coal-based power plants contributed 60% of the total PM (particulate matter), 45% of the total SO2,
30% of the total NOX, and more than 80% of the total mercury emissions from all industrial sectors in
2020 (CSE, 2020a).
Increases in emissions of pollutants and the resulting deterioration in environmental conditions are
responsible for augmented societal costs, including premature deaths. A Health Effects Institute (HEI)
study (2018) estimated that over 10% (1.1 million) of total deaths in India could be attributed to air
pollution from human activities. This estimate was based on the effects of PM2.5 alone. Coal combustion
in both industrial sources and thermal power plants was responsible for almost 170,000 deaths in India
in 2015. The number of deaths attributable to PM2.5 from coal-fired power plants was estimated at
around 90,000/y in 2015; the only sector responsible for more deaths was residential biomass burning
(around 250,000/y). Deaths attributable to PM2.5 from transport and brick production were around a
third of those from coal-fired power plants. Under a business-as-usual projection, emissions from the
coal sector in India would increase their contribution to ambient PM2.5 concentrations more than fourfold by 2050. The HEI report suggests that emissions from coal-fired power plants will almost double
between 2015 and 2050, even if compliance with the new emission standards is assumed; only in an
‘aspirational’ scenario, where emissions are targeted aggressively and India moves away from coal to
alternative fuel sources, will emissions from the sector be reduced.
Non-compliance with the emission standards could contribute to 300,000–320,000 premature deaths
between 2019 and 2030, as well as 50 million hospital admissions for respiratory conditions
(HEI, 2018).
Without compliance with the new emission standards, the associated costs of deaths and illness from
air pollutants would exceed $11 billion between 2015 and 2030 and the cost of compliance with
emission limits would be more than offset by the benefits to the Indian health sector. This is based on
an estimate of 2,50,000 billion crore (over $33 billion) being spent on pollution systems for coal-fired
plants by 2030. Over 50 million respiratory hospital deaths could be avoided as well as 126 million
work loss days. The monetised health benefits are estimated at the equivalent of Rs 9,62,222 crore
(over $129 billion) by 2030, assuming the emission standards are met by 2025 (HEI, 2018).
India uses relatively low-quality coal containing 20–40% ash, 0.4–0.6% sulphur and 0.01–1.5 ppm of
mercury. Thus, it is critical that appropriate pollution control systems are fitted, operated and
maintained correctly (BEE, 2021). The Indian Ministry of Power (MOP) announced that thermal
power plants must apply various measures to comply with new standards, or ‘norms’, for PM, SO2, and
NOX to become self-reliant in power generation and to be free from polluting elements. The measures
include upgrades of electrostatic precipitators (ESP), installation of flue gas desulphurisation (FGD)
systems, and combustion modifications (MOP, 2021).
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INTRODUCTION

India requires a robust approach to monitoring to accurately evaluate and monitor emissions from
coal-fired power plants. Continuous emission monitors (CEM) for accurate and real-time monitoring
of emissions from stacks are required on almost all plants in developed economies and rapidly
emerging regions. As of 2018, CEM are a legal requirement on all coal-fired plants in India, existing
and new, although no compliance deadline was specified. The cost of CEM purchase and installation is
to be covered by the utility. The application of CEM across the coal sector in India will empower the
sector not only to enforce compliance with emission limits but to determine cost-effective emission
control strategies.
This report reviews publicly available sources on the current status of CEM installation at coal-fired
plants in India. Additional information has been sourced directly by experts within India from
industrial sectors, State Pollution Control, Boards (SPCB) and through an information collection
request under the official Right to Information Act (RTI) carried out by the ICSC project team. Where
available, information on CEM status at industrial coal-fired boilers is also presented. Coal-fired power
plants and industrial boilers operate on the same set of principles, produce the same pollutants, and
require the same air pollution control equipment and instrumentation, including CEM, and so many of
the conclusions and recommendations within this report apply to both of these sectors.
Chapter 2 summarises the current emission standards within India together with the requirements for
CEM deployment. Chapter 3 reviews the principles of stack sampling while Chapter 4 focuses on the
certification of appropriate equipment. In Chapter 5 the extent of CEM installation across Indian
coal-fired power plants is assessed. Chapter 6 focuses on how CEM data are reported to the regulators
and what action is taken to ensure compliance with emission limits. The current status of training for
CEM use is reviewed in Chapter 7 and Chapter 8 provides recommended format and content of future
capacity building for Indian stakeholders via workshops and training courses.

INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
16

EMISSION STANDARDS IN INDIA

2

EMISSION STANDARDS IN INDIA

As in most countries, the Indian regulations for air quality have evolved and originate from several
different agencies and ministries. The situation in India is more complex than in most other regions
and it is important to review how the regulations have developed to understand why challenges with
implementation remain.
The Central Board for Prevention and Control of Water Pollution of India was established in 1974 to
manage and control environmental pollution from industrial operations. In 1981, responsibilities for
air pollution control were added to the Board’s remit and in 1988 its name was changed to the Central
Pollution Control Board (CPCB). The CPCB was tasked with an advisory role to the Government of
India’s Ministry of Environment, Forest, and Climate Change (MOEFCC) and to the State Pollution
Control Boards (SPCB) in matters relating to the prevention, control, and abatement of air pollution,
relevant training, as well as to implementation and enforcement of the Air, Water and Environmental
Acts. The CPCB generates, compiles, and collates information for national programmes relating to
pollution abatement for India, including CEM data from coal-fired power plants and other industrial
sectors. The CPCB can delegate power to Union Territories and their respective Pollution Control
Committees (PCC). The CPCB comprises elected officials and non-elected officials from central and
state governments as well as from representative companies and organisations (CPCB, 2019c). The
SPCBs are expected to perform similar functions for their respective state governments. SPCBs, after
consultation with CPCB, can promulgate state-specific standards for emissions of air pollutants as long
as they are the same as, or more stringent than, those set at the national level (RAP, 2019).
Over the years, MOEFCC and CPCB have issued notifications to reduce emissions of PM, SO 2, NOX,
and mercury from coal fired power plants. Examples of the most relevant air pollution regulations,
policies and initiatives are summarised in Table 1.
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TABLE 1

RELEVANT LEGISLATION AND POLICY IN INDIA (AFTER RAP, 2019)

Policy

Details

Environment Protection Act (1986)

In the aftermath of the Bhopal accident of 1984, the Environment
Protection Act of 1986 was introduced. The Act empowers the
central government to take appropriate measures to protect and
improve the environment and ensure the prevention of
environmental hazards to living creatures, plants, and property. It
allows the central government to make appropriate rules to
regulate environmental pollution and grants it the powers to
inspect and monitor equipment and plants as necessary (RAP,
2019).

Air Prevention and Control of
Pollution Act (1981) – Addendum
Designation of ‘red category’
industries (2014)

In February 2014, the CPCB issued recommendations under
section 18(1) b of the Air Prevention and Control of Pollution Act of
1981 to the SPCBs and PCCs which require that any highly
polluting industry among 17 industrial sectors (the so-called ‘red
category’ industries) must have CEM installed.

National Green Tribunal Act of
2010

The National Green Tribunal Act of 2010 calls for the
establishment of a National Green Tribunal (NGT) to address
cases concerning environmental protection and conservation of
forests and other natural resources. The Principal Bench of the
NGT is situated in New Delhi with four additional regional benches
throughout India (RAP, 2019).

National Air Quality Monitoring
Programme (NAMP) (1994)

In another effort to control air quality, a National Air Quality
Monitoring Programme (NAMP) was established in 1994 which
now has 731 operating ambient air quality stations covering 312
cities throughout India. All stations monitor PM10 (particulate
matter below 10 microns in diameter), SO2, and NOx, with a
smaller number of stations measuring additional pollutants such as
PM2.5 and lead (Pb). Between 2011 and 2015, 102 cities were
identified as ‘non-attainment’ with respect to World Health
Organization (WHO) air quality standards. A network of continuous
ambient air quality monitoring stations (CAAQMS) has been
created sending data from 165 stations in 101 cities in real-time
(hourly basis) to the CPCB. Data from these stations can be
provided directly to traffic police and other relevant organisations
when remedial action is necessary.

Under the legal instruments in Table 1, coal-fired power plants are included as ‘red category’ sources,
and it is therefore a legal requirement for the sector to have CEM installed and operated to measure
compliance with the existing emission standards.
Whilst these standards have evolved to address emissions and air quality in India, the actual
implementation of these policies is far from complete, as highlighted in the sections below

2.1

CURRENT EMISSION LIMITS

In December 2015, the MOEFCC introduced stricter environmental standards under the Environment
Protection Act of 1986. The 2015 standards included SO2, NOx, and mercury emission limits for the
first time, as shown in Table 2.
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TABLE 2

CURRENT EMISSIONS STANDARDS FOR COAL-FIRED POWER PLANTS IN INDIA (ADAMS AND OTHERS,
2021)

PM,
mg/m3

SO2, mg/m3

NOx, mg/m3

Mercury,
mg/m3

150–350

None

None

None

Units installed before 31 December
2003

100

600 (<500 MW

600

0.03

Units installed between 2004-16

50

600 (<500 MW)

300

0.03

200 (≥500 MW)

450*

100

100

Old standard
2015 Norms (limits)

Units installed from 1 January 2017
*

200 (≥500 MW

50

0.03

Relaxed in 2020, as outlined in the text below

Note: PM, SO2, NOx and Hg units in are in mg/m3 which is assumed to be normal cubic metre, Nm3

Prior to 2015, Indian coal-fired power plants were expected to meet a plant-specific PM standard in
the range of 150–350 mg/m3, depending on the size and age of the plant. The standard is now
significantly lower. For example, for coal-fired units smaller than 210 MW, the pre-2015 emission limit
for PM was 350 mg/m3. For units larger than 210 MW the limit was 150 mg/m3. Current emission
standards are between 100 and 30 mg/m3, depending on the installation date for the unit.
In addition to tightening air emission limits, the 2015 rule was combined with 2018 amendments to
redefine the minimum required stack height for each coal plant. Since higher stacks allow emissions
to disperse more widely, reducing the risk of localised issues, taller stacks were seen as a means to
reduce air pollution issues. However, this approach simply disperses the pollution more diffusely
rather than actually reducing emissions.
Before the new set of standards came into force in India, the minimum stack height was decided based
on the SO2 emission rate and according to the formula shown in the box below.
Stack emission calculations make significant assumptions on the dispersal potential of PM released
from different stack heights. Much lower stacks are permitted for the lower SO2 emission rates
achieved as a result of installed FGD – reduced emissions rely less on long-range atmospheric
dispersion to reduce localised air pollution. However, these lower stack heights place even more
emphasis on efficient operation of FGD and accurate monitoring of emissions with CEM as any
remaining emissions will be concentrated around a significantly smaller area and could significantly
increase local population’s exposure to the pollutant.
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STACK CALCULATIONS
Original formula for stack height to ‘control’ SO2 emissions:
H= 14 (Q)0.3
Where, H = stack height in metres and Q = SO2 emission rate in kgSO2/h
For plants of 200–500 MW, the mandated stack height was 220 m, whereas for plants
over 500 MW, it was 275 m (CPCB, 1984).
With new SO2 emission limits, the stack height formula for plants with wet FGD was
revised within the June 2018 notification of MOEFCC (for units >100 MW):
H=6.902 (Q x 0.277)0.555 or >100 m
And for units smaller than 100 MW:
H=6.902 (Q x 0.277)0.555 or 30 m (whichever is more)
Consider two units: one 100 MW and the second 500 MW. Both units use the same coal and
produce 7 gSO2 for every kWh generated. The SO2 emission rate is thus 700 kgSO2/h for the
100 MW unit and 3500 kgSO2/h for the 500 MW unit. Under the old rules, the minimum
required stack height was 100 m for the 100 MW unit and as mandated, 275 m for the
500 MW unit. Under the new rules, the minimum height is now only 36 m for the 100 MW
unit (equation 3) and 87 m for the 500 MW unit, and assuming a 90% SO2 removal efficiency
by wet FGD.
The National Clean Air Programme (NCAP), announced by MOEFCC in January 2019, sets a target
reduction of 20% for PM2.5 (PM below 2.5 µm in diameter) and 30% for PM10 (PM below 10 µm in
diameter) in ambient air by 2024, with 2017 as the base year (CPCB, 2019c). To achieve these targets,
major sources of emissions such as coal-fired power plants must reduce their emissions. Indian
stakeholders will need to monitor the trends in ambient air quality and, if it appears that targets will
not be met, there may be pressure exerted on the authorities to, in turn, put pressure on sources such
as coal plants to comply with the new standards.

2.2

STATUS OF POWER PLANT COMPLIANCE WITH EMISSION
LIMITS

The emission limits shown in Table 2 were introduced in 2015 and, because they are relatively
challenging for Indian utilities to meet, there has been a significant amount of resistance to their
implementation from the utility sector. One of the main concerns for the utilities was the short
timeframe for compliance and the associated costs of installing pollution control equipment to meet
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the new standards. As mentioned above, the 2015 MOEFCC standards require the installation of
control technologies, most significantly FGD. Power plants were required to comply with 2015
standards by 2017 but this deadline was not met for several reasons, including the likely significant
cost of compliance. However, many utilities may be confused by the continuing evolution of the
emission limits, as discussed below.
A slow and complex evolution of the emission limits has followed in an attempt to encourage
compliance. Emissions reduction and the prevention of environmental degradation through the
installation of the necessary emission control equipment is regarded as a critical issue by the public
and other stakeholders (Harish and others, 2019). In September 2016, the MOP conveyed a committee
including members from the Central Electricity Authority (CEA), Ministry of Coal, MOEFCC, CPCB,
Power System Operation Corporation, NTPC, and Damodar Valley Corporation (DVC). The
committee was tasked with preparation of an implementation plan for the new standards. The action
plan was prepared in June 2017 and called for staged implementation of 145 GW of FGD during
2017-24; a slow start, considering coal capacity is 234 GW (2021). Compliance with the PM standard
is staged over the same timeline. For NOx compliance, the committee requested a relaxation of the
emission limit down to 600 mg/m3. According to a recent report by the ICSC (Adams and others,
2021), an emission target of 300 mg/m3 is ‘demonstrably achievable in many Indian coal plants through
the adoption of more effective primary control measures alone’. The proposed plan was discussed with
MOP and MOEFCC, revised with a new implementation schedule of 2022, and was circulated to power
plants to update the December 2017 deadline. This CEA/MOEFCC/MOP proposal with the extended
compliance deadline was submitted to the Supreme Court of India as a petition asking for them to
direct the government for implementation of the earlier deadlines.
In February 2018, the Environment Pollution (Prevention and Control) Authority (EPCA), a Supreme
Court-appointed committee for pollution control in the Delhi-National Capital Region (dissolved in
April 2021), recommended the implementation of PM and NOx standards by 2018-19 and the SO2
standard by 2020 without any relaxation of the standards. However, this position was challenged by
the MOP and the Association of Power Producers. On CEA’s recommendation, the MOP also appealed
to the MOEFCC for relaxation of the NOx standards from 300 to 450 mg/m3, because of the technical
limitations for Indian coals. However, as mentioned above, the 2021 ICSC report on India reports that
300 mg/m3 is achievable in most Indian plants, even with the challenge of lower quality coals. In July
2018, the Supreme Court of India rebuked the MOEFCC for its inability to enforce compliance with
the 2015 standards. In their joint response, the MOEFCC, the MOP, and the CEA asked for an extension
of the original deadline to December 2024, using arguments such as the inability of power plants to
allocate the capital and operating expenditure necessary to meet the new standards in a timely manner,
as well as the lack of available space, water, and necessary materials such as limestone. After
considering the views of parties involved, in December 2018 the Supreme Court granted a five-year
extension of the original compliance deadline, requiring compliance by December 2022 (RAP, 2019).
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As a result, the CPCB has issued directions for compliance with the proposed standards to be achieved
by the end of 2022.
This discussion illustrates that the evolution of Indian emission standards is ongoing and that even the
strategy in effect today is unlikely to be the final version of Indian policy. This is why some Indian coal
plants may be stalling on implementing emission controls. If the plant operators believe that the
deadline for compliance is still not legally fixed, then they can continue to delay spending on costly
retrofits. This appears to be the case in practice: a 2020 survey by the Centre for Science and the
Environment (CSE, 2020a) demonstrated that even the revised 2022 deadline for compliance with SO2
emission norms will probably not be met. This is because most plants have not taken adequate action
and have not made significant progress towards meeting these standards since 2015 when they were
announced. CSE analysed the potential of India’s coal-fired power generation installed capacity of
205 GW (as of 31 December 2019) to comply with new PM, NOx, and SO2 standards and the results
are discussed below (CSE, 2020d).

2.2.1

Particulate matter

Almost all coal-fired plants in India already have PM controls in place, with only around 5% of capacity,
mainly units under 300 MW, still without adequate PM controls. The CSE study calculated that
approximately 105 GW capacity comprising over 235 units had met the PM standard by 2018 or had
the potential to comply immediately. In addition, 79 GW (comprising around 315 units) would have
to comply between 2019 and 2022. The CSE expect that a maximum of 73% of the coal fleet will meet
the PM emissions limit by the 2022 deadline. The survey found that over 6 GW capacity had planned
to, or were in the process of, upgrading their ESP to meet the standard.
The challenge for PM CEM in India is a combination of the high ash coals, which means that more PM
is being produced during power production than for coal plants elsewhere in the world, and the lack
of adequate PM controls across the fleet. The higher the PM load, the greater the chance of downstream
issues such as corrosion. There is also the risk of negative effects on additional pollution control
systems such as FGD for SO2 control. Further, the high PM load may create a challenge for CEM
systems, clogging filters and scanning systems, leading to interference and incorrect measurements.
This means that although all Indian coal power plants may soon have equipment installed which can
ensure that they meet the PM emission limits, it must be confirmed through continuous monitoring.
The high ash loading from Indian coals means that PM control systems must work harder than at
similar plants in other regions and, as a result will be more prone to malfunction and failure. In addition,
a tighter and more comprehensive maintenance system is required to ensure these problems do not
arise. It is therefore imperative that PM CEM are installed to be able to detect such issues quickly.
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2.2.2 Sulphur dioxide
The CSE study found that about 11 GW capacity (48 units) were already meeting the SO2 limits in
2017. Another 5 GW capacity (39 units) were directed to comply immediately through lime injection
for SO2 control. A further 175 GW of units must comply between 2019 and 2022. Around 126 GW of
coal plants face an imminent deadline of 2021 or 2022. According to the CSE report, approximately
70% of units with deadlines for SO2 compliance were unlikely to meet them as prescribed. For these
units which are not yet compliant, the status is 34% at feasibility study, 31% at tender stage, and 5%
without plans for installation. Only 17% of capacity has awarded tenders for FGD. The status of SO2
compliance as of 2020 is summarised in Figure 2 below.

Figure 2 Status of SO2 control in Indian coal-fired power plants (CSE, 2020b)
The low rate of FGD deployment at power plants in India is confirmed in a report by the Vasudha
Foundation (2020) which states that only about 1% of the planned 167 GW retrofits at coal-fired
power plants had FGD, as of June 2020. Reportedly, the FGD issue has gained momentum with the
new MOEFCC notification to limit SO2 emissions through staged implementation, as discussed earlier
and covered in more detail in Section 2.3 below (CEA, 2019).
The installation of FGD control devices was recognised as necessary for compliance with the SO2
standards but at the same time it was noted that FGD systems offer the additional benefit of reducing
emissions of other pollutants (such as secondary PM and/or mercury). Typically, during plant
shutdown for retrofit of SO2 control technology, power plants schedule an overhaul of PM and NOx
control equipment. This is because SO2 control systems such as wet-limestone FGD (WLFGD) work
most efficiently when the NOx and PM emissions are controlled upstream. SO 2 control technology
such as WLFGD can reduce mercury emissions as a co-benefit, thus enabling mercury emission control
requirements to be satisfied. When new emission control technologies are installed, this provides an
opportunity for plants to address other issues within the plant at the same time.
In 2020, CEA issued FGD technology selection guidance information and listed the main criteria for
FGD technology selection: SO2 removal efficiency, unit size, remaining plant life, and the geographical
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location of the power plant (which determines water and other raw material availability) (CEA, 2020).
The guidance includes a brief review of FGD technology, indicating a potential preference for seawater
FGD for coastal power plants. However, in a separate guidance document regarding seawater FGD, no
considerations were given for potential mercury releases to the ocean (CEA, 2019). The issue of the
fate of mercury in seawater FGD systems appears to be poorly addressed with little published on this
subject. This is of particular concern since seawater FGD systems are becoming increasingly popular
in SE Asia, especially in island nations such as Indonesia with readily available access to seawater.

2.2.3 Nitrogen oxides
Regarding compliance with NOx standards, 160 GW of coal power capacity (comprising about 435
units) were to comply by 2022 whereas 115 units were to comply in 2019 and 2020. As described
above, a proposal to relax the NOx emission limit from 300 to 450 mg/m3 was approved in October
2020. Should this new limit become fixed, units with well-tuned combustion modifications such as
low-NOx burners, staged combustion, or over-fire air could be compliant. However, plants
commissioned after 1 January 2017, must meet the 100 mg/m3 (or about 50 ppm) standard. For most
if not all plants, this is not possible without post-combustion NOx control measures such as selective
catalytic reduction (SCR) or selective non-catalytic reduction (SNCR).
The CSE survey (CSE, 2020a) reported that nearly 32 GW capacity was complying, or had the potential
to comply with the NOx limits, whereas over 20 GW had awarded the tender or were in the process
of tendering for NOx control measures. The measures were either SCR or SNCR, suitable for high dust
conditions and with ammonia required as a reagent. Information was not available for a significant
number of plants, especially on NOx compliance intentions. Based on the available information, over
21 GW of the NTPC fleet were complying with the NOx limit, over 11GW were upgrading, and 4.5 GW
were in the tendering process. No information was available on the compliance situation of private
utilities in India.
Indian coals can be very high in ash, as mentioned previously. SCR design considerations for high ash
coals include pitch design, catalyst management plans, cleaning design, and process design options
such as low-dust or even tail-end placement of SCR versus high-dust placement upstream of ESP.
Safety considerations for the ammonia reagent necessary for the operation of SCR include risk
evaluation of highly toxic anhydrous ammonia or aqueous ammonia, which although less concentrated
than anhydrous ammonia, poses similar risks. To avoid the hazards of storage and handling of ammonia
(anhydrous or aqueous), smaller SCR systems may use technology to convert urea (non-toxic) to
ammonia.

2.2.4 Mercury
As far as compliance with the current mercury standard is concerned, this is currently not seen as a
challenge. The emission limit in India (0.03 mg/m3) is around an order of magnitude more lenient than
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the limits in the EU and the USA. According to the MOEFCC, thermal power plants can comply with
the mercury standard by utilising the co-benefits from ESP, FGD and SCR installations. As discussed
in Section 2.2.2, the installation of controls for SO2 can benefit the control of mercury emissions.
However, for these co-benefits to materialise in the timeframe required, air pollution control
equipment for PM, SO2, and NOx must be installed within the set deadlines. In February 2018, the
MOEFCC submitted to the Supreme Court that “all units are likely to meet mercury emission norms after
installation of pollution control equipment (ESP, FGD and SCR) as a co-benefit” (CSE, 2020a). This
statement confirms that the timeline for compliance with the mercury emission standard will follow
the FGD installation timeline. However, even with ESP, FGD, and SCR systems installed, mercury
emission monitoring is critical to the understanding of mercury speciation in flue gas, and the
confirmation of mercury emission reduction. The MOEFCC has not yet mandated mercury monitoring
at coal-fired power plants (CSE, 2020d).
The Indian mercury emission limit of 0.03 mg/m3 is not challenging and can be met by most plants
firing average coals, even without the installation of any control technologies other than ESP or
baghouses for particulate control. Emission limits for mercury in regions such as the USA, Europe,
China, and Japan are an order of magnitude lower. If India is to comply with its ratification of the
Minamata Convention on Mercury, then it will have to ‘control and, where feasible, reduce emissions’
of mercury from the coal power sector. For this, an emission limit of 0.03 mg/m3 is inadequate.

2.3

ACTIONS TO COUNTERACT DELAYS IN COMPLIANCE

According to Carboncopy (2021), Indian government agencies were closely monitoring the progress
of FGD deployment and the extent to which SO2 standards were being met. In January 2021, the MOP
issued a memo addressed to the MOEFCC proposing major changes in the FGD implementation
schedule at power plants across India. The memo proposed step-wise compliance or a ‘graded action
plan for adopting new emission norms’ rather than meeting the single compliance deadline, currently
set at December 2022. Arguments used against the single compliance deadline included market
shortages leading to imports and increased prices and an unnecessary burden on utilities and
consumers. Further, the memo reasoned that staged compliance deadlines would allow for later
installation of FGD at power plants located in areas with relatively good ambient air quality. In this
manner, it was intended that an indigenous manufacturing base could be developed, national resources
could be utilised effectively, technology could be fine-tuned for local conditions, and skilled
manpower could be developed in India (MOP, 2021a). However, this will be a challenge without
skilled training and input from international experts and vendors. In summary, the memo did not
provide new deadlines but rather argued for staged compliance and suggested making ambient air
quality ‘the guiding factor’ for formulating the emission control strategy for individual power plants.
This is likely to slow compliance deadlines further by continuing to allow stakeholders to delay
decisions on taking firm action.
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In response to these MOP suggestions, the MOEFCC published Environment (Protection) Amendment
Rules in April 2021 (MOEFCC, 2021). In the document, MOEFCC required CPCB to form a task force
comprised of representatives from MOEFCC, MOP, CEA, and CPCB to rank power plants into three
categories as shown in Table 3. It is not clear if the task force has been established at the publication
date of this report (November 2021). Depending on the ranking, deadlines for compliance published
by MOEFCC start from December 2022 and continue through to December 2025. The period allowed
for compliance varies with the location of the plant as this affects the environmental challenge –
compliance is required first for Category A plants, located within a 10 km radius of the National Capital
Region (NCR) or cities with a population of more than 10 lakh (1 million). A deadline is set a year
later for Category B plants, located within a 10 km radius of Critically Polluted Areas (CPAs) or from
non-attainment cities. All remaining plants (not in Category A or B) are given a two-year longer
compliance period than Category A plants. Retiring units which are not in compliance by the deadline
must close by that date.
TABLE 3

Rank

RANKING OF PLANTS FOR COMPLIANCE DEADLINES (MOEFCC, 2021)

Category

Location/area

Deadline for compliance

Within 10 km radius of National
Capital Region or cities with a
population >1 million*

Non-retiring units

Retiring units

Up to 31/12/22

Up to 31/12/22

1

Category A

2

Category B

Within 10 km radius of a Critically
Polluted Area~ or Non-attainment
City†

Up to 31/12/23

Up to 31/12/25

3

Category C

Other than those included in
Category A and B

Up to 31/12/24

Up to 31/12/25

*

as per 2011 population count

† as defined by CPCB

The MOEFCC also announced penalties for non-retiring non-compliant units. Units declaring
retirement before the date specified in the ‘retiring units’ column of Table 3 will not be required to
meet the specified limits provided they submit a petition to CPCB and CEA for exemption. However,
such units will be subject to penalties (‘environment compensation’ in the original language of the
document) at the rate of Rs 0.20 per unit of electricity generated (kWh), should they continue to
operate beyond the date specified in their petition. Schedules of penalties for non-retiring
non-compliant units are shown in Table 4 below. Penalties increase as the length of the period of
non-compliance extends and also depend on the individual plant’s classification category.
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TABLE 4

PENALTIES FOR NON-COMPLIANT POWER PLANTS, Rs/KWH (MOEFCC, 2021)

Non-compliant operation
beyond the deadline

Category A

Category B

Category C

0–180 days

0.10

0.07

0.05

181–365 days

0.15

0.10

0.075

366 days and more

0.20

0.15

0.10

The penalties described in Table 4 appear to be substantial but affordable. For example, a
non-compliant 500 MW unit operating at 60% capacity for the first year after the compliance deadline
would be required to pay Rs 131,400,000 ($1.8 million) for the first half of the year and Rs 197,000,000
($2.6 million) for the second half of the year to give a total of Rs 328,400,400 ($4.4 million) for the
year. To put this in perspective, the same plant would generate approximately 2628 GWh during one
year of operation. Assuming the average price of electricity in India of 5.43 Rs/kWh, the value of
electricity produced would be Rs 14,270,040,000 ($192 million).
It should be noted that as recently as June 2021, a ‘Review report on SO2 norms’ by CEA was
considering having the compliance deadlines communicated by the MOEFCC on 1 April 2021,
postponed until 2034. Arguments for this proposed delay included the significant cost to the industry
and the availability of resources for timely installation of FGD at the required locations (CEA, 2021a).
Importantly, CEA proposes counteracting the significant threats to health from the delay by
prioritising FGD installation based on ground-level ambient air SO2 concentration at the plant’s
location. This would mean that the CEA’s proposal would target plants where the measured pollution
concentrations in the vicinity were highest. However, this is not entirely consistent with the FGD
installation priority by MOEFCC discussed earlier, which is based on the plant’s location relative to
population and non-attainment cities. As of November 2021, the latest MOEFCC notification has
December 2025 as the applicable target deadline.

2.4

COMMENTS

India’s environmental legislation has evolved in a somewhat fragmentary manner and continues to
change. In 2015, the government set challenging emission limits for coal-fired plants which included
an equally challenging deadline for compliance. The Indian utilities argued that the targets were too
stringent, the timeline was too short, and that compliance was not possible due to both cost and
availability of equipment and expertise. The emission limit values themselves remain largely intact,
but the timelines continue to extend, with delays currently being granted based on the location of the
plant. Plants in areas with the greatest potential to harm the population must comply first. Plants which
continue to fail to comply face increasing penalty fees which will further challenge utility plant
economics.
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The history of the evolution of the Indian emission standards shows proposed legal action being
undermined and diminished. The most recent proposals from the CEA request that the emission limits
be deferred until as far in the future as 2034. Meanwhile, if the Indian Government were to enforce
the limits, compliance would result in excess of 80% reduction of SO2, NOx and PM by 2030. At the
same time, public health would improve significantly, the number of premature deaths would reduce,
and the costs of air pollution associated health issues could be reduced by over $1.1 billion by 2030,
far outweighing the cost of compliance.
Technologies are available to meet the emission limits proposed by the MOEFFC. Compliance with the
PM standard is easily achievable with widely available control systems and yet only 73% of Indian coal
power plants will achieve the emission limit by the 2022 deadline. Similarly, up to 70% of the plants
will not meet the SO2 deadline. Many Indian utilities argue that they cannot meet the NOx deadline
due to the high ash characteristics of Indian coals, and yet it has been demonstrated that this is not the
case – readily available combustion measures would allow most Indian plants to meet the new standard.
While the Indian ministries continue to allow corrections, derogations and delays, the onus on utilities
to comply is compromised. By continuing to consider flexibility in compliance (through options such
as increased stack height and prioritising action in heavily polluted areas), the Indian government is
avoiding taking firm and appropriate action that would, within the next decade, result in improved
health benefits for its population in a demonstrably cost-effective manner. India, therefore, continues
to face a significant task in equating what it wants to achieve in respect to emissions reduction and
what can be achieved. During this time, it is becoming increasingly important for stakeholders to
determine what action is appropriate. Accurate and reliable data on the concentrations of pollutants
currently being emitted from plants will help inform the scale of the challenge and will ensure that,
where relevant, priority action can be taken at sources with the greatest emissions. Emissions data are
critical:
•

to determine ACTUAL emission values rather than estimates from emission factors;

•

to evaluate the ongoing threat to population health from coal-fired plants;

•

to identify plants of particular concern (such as inefficient plants in densely populated areas
or areas already facing significant air quality issues);

•

to allow plant operators to understand their plant performance and to determine appropriate
action to reduce emissions and to meet the emissions standards.

Knowledge of plant-specific emissions is necessary. Until there is accountability for emissions on a
plant-by-plant basis, it will not be possible for the Indian government to apply a command-and-control
approach to reducing the significant national pollution problem. Some plants may already meet
emission limits whereas others may well be emitting concentrations of particular concern. Accurate
and reliable data are needed to ensure that action is applied appropriately across the sector. With the
newer compliance requirements focussing on stack heights and contributions of source emissions to
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local ambient concentrations, the availability of accurate emission values becomes increasingly vital,
not only to confirm that limits are being met, but also to monitor any increased, and significantly
detrimental, exposure of the local population.
It is therefore imperative that Indian stakeholders be empowered with the skills required to monitor
and evaluate emissions from the coal combustion sector as soon as possible.
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3

PRINCIPLES OF CEM FOR COMPLIANCE
MONITORING

Continuously monitoring pollutants as they are emitted, often at low and fluctuating concentrations,
is a significant technical challenge. This is reflected in the volume of standards and protocols issued
by international organisations such as the International Standards Organisation (ISO) and the
European Committee for Standardization (CEN) as well as numerous national standards organisations.
Due to the complexity of this sector of work, it is not possible to give a comprehensive guide to
emissions monitoring. Rather, the aim of this report is to determine whether this information is
available to stakeholders in India in an appropriate form for them to be able to monitor pollution
emissions at the standards seen elsewhere. Therefore, this report does not give expert guidance on the
application of CEM systems, but it identifies gaps in the knowledge required for CEM application in
India and proposes relevant training to ensure the availability of fully qualified personnel. This is also
addressed in Chapter 5, which looks specifically at the current status of CEM implementation in India.
It is necessary to briefly review how CEM systems work to evaluate the current status of CEM
application in India. There are many published guidelines available but the information they contain
is largely generic; methods for sampling and analyses are based on fundamental and well-defined
chemical and physical principles. The following information is largely based on the CSE guide to CEM,
which summarises the issue specifically for the Indian challenge (CSE, 2017). It also includes
information from the UK Environment Agency (UKEA, 2017, 2019), the US Environmental Protection
Agency (USEPA, 2000), the Electric Power Research Institute, USA (EPRI, 2014) as well as from the
combined knowledge and expertise of the authors of this report.
The sections below summarise the principles of CEM systems. Subsequent sections focus on specific
systems for PM, SO2, NOx and mercury, as well as extractive methods for mercury. A more detailed
review of the technologies will be provided to stakeholders in advance of the proposed training
programme.

3.1

INSTALLATION OF CEM SYSTEMS

CEM are self-contained automated pieces of equipment which can be ‘bolted on’ to quantify the
concentration of pollutants leaving the stack of a source such as a coal-fired plant. However, for this
data to be appropriate, the CEM has to be installed and operated correctly, as outlined below.

3.1.1

Location of sampling point

The CEM system must be located at a site in the stack which will allow the capture or measurement of
a representative sample of emissions. This will require analyses of the stack in advance plus expert
advice on the optimum position for installation of the CEM. Since CEM systems require maintenance,
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calibration, and other forms of quality assurance and quality control (QA/QC), they must be in a
position where they can be accessed easily and safely by personnel. Staff must be suitably trained for
working at heights.

3.1.2

Representative sampling

For the measurement of emissions to be immediate and as representative as possible, with the
minimum amount of degradation and the avoidance of contaminating reaction products, the pollutant
in question must be quantified in real-time rather than being extracted manually for analysis at another
location. Manual extractive approaches can be simple and cost-effective ways of obtaining a value for
pollutant concentration and are useful for providing more accurate emission factors. However, they
represent a snapshot of emissions. Whilst extractive methods can be appropriate for industries which
are relatively stable or constant, they are less suitable for emission sources which fluctuate in terms of
raw materials or operation. Since emissions may rise and fall over time, continuous emission monitors,
which sample and measure emission concentrations directly in situ and almost immediately, give far
more accurate and useful data.
To measure pollutant concentrations directly, CEM systems must either determine the pollution
concentration within the stack using non-invasive methods, such as light scattering and spectroscopy
or must continuously withdraw a representative sample from the stack to measure the pollutant
concentration in an analyser just outside the stack. For pollutants such as SO2 and NOx, the
concentration across the flue gas tends to be relatively uniform. It is therefore possible for SO2 and
NOx CEM systems to operate effectively both within, across or outside the stack. Conversely, due to
their weight and shape, particulates will be affected by disturbances to the gas flow. The sample has to
be extracted ‘isokinetically’ to withdraw a PM sample from a stack gas. This means it must be
withdrawn at the same velocity and direction as the flow of the stack gas. Isokinetic sampling is
technically challenging and so is not commonly used as a continuous monitoring method but can be
used for calibration or initial testing of CEM systems. PM tends to be monitored in situ, with in-stack
or cross-stack systems based on light absorbance or light scattering.
The common methods for monitoring PM, SO2, NOx and mercury are summarised below.

3.2

CEM FOR PARTICULATE MATTER

Measurement of PM can be achieved by one of several analytical methods, most of which are based on
light absorption or scattering:
•

Opacity or transmissometry measures the light-blocking or scattering of PM. This method is
appropriate for concentrations up to 2000 mg/m3 (well above what would be expected at a
coal plant) but is not suited for low concentrations (below 1 mg/m3).
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•

Light-scattering systems also use the light-blocking or scattering effects of the PM. This is the
most common method used internationally for PM and can measure down to 1 mg/m3.

•

Triboelectric systems respond to the electrification or static response of PM but are most
suited as alarm systems (to detect malfunctioning PM control systems) than for compliance
monitoring.

Alternative methods, such as extractive light-scattering and beta-attenuation systems require the
extraction of PM for measurement outside the stack and therefore cannot be considered true CEM
systems. The CPCB guidance on PM CEM for use in India (CPCB, 2018a) includes triboelectric,
transmissometry/opacity, and light scattering, basing the description of each on the published USEPA
guidance (USEPA, 2000). The CPCB document does not include information on beta attenuation and
optical scintillation. It is important that the plant operator or utility regulator select the most
appropriate system to suit each unit, taking unit-specific conditions into account.

3.3

CEM FOR SO 2 AND NOx

As for PM CEM, there are several different options for SO2 and NOx monitoring, as summarised in
Table 5.
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TABLE 5

SO2 AND NOx CEM OPTIONS (BASED ON UKEA, 2019)

Technique

Method

Limit of sensitivity

Notes

NDUV – SO2 or NOx

Non-dispersive
ultraviolet
spectroscopy, in situ

1 to 2000 mg/m3

Interference from
water, SO2 and NO2

DOAS – SO2 and NOx

Differential optical
absorption
spectroscopy, in situ

<1 to 2000 mg/m3

NO and NO2, not
N2O

NDIR – SO2 or NOx

Non-dispersive
infrared
spectroscopy, in situ

Low limit of
detection and works
up to 5000 mg/m3

UV fluorescence and UV
absorption – SO2

Ultraviolet
fluorescence or
absorption,
extractive

IR absorption – SO2

Infrared absorption,
extractive

Up to 5000 pm

Requires gas
purging and
conditioning to stop
condensation and
reaction products

FTIR – SO2 and NOx

Fourier transform
infrared
spectrometry,
extractive

Rapid, suitable for
several pollutants
simultaneously

Fewer interferences
than NDIR

Chemiluminescence – NOx

Extractive

Sensitive to below
0.1 mg/m3

Interference from
CO2, water, and
ammonia

Electrochemical – NOx

Extractive

Suitable for high
concentration gases

Requires gas
conditioning to
protect sensors

Can measure
several pollutants
simultaneously

Not suitable for high
moisture gases

Requires removal of
PM and H2O by
conditioning but
NO2 can still
interfere

Ultraviolet (UV) fluorescence is most often used to measure SO2 concentrations. In situ systems tend
to have lower detection limits but can be subject to interference from other pollutants and moisture
in the stack. It is therefore vital that the composition of the stack is analysed before the decision is
made on which CEM system is most appropriate. In some situations, CEM analysers can be found
which measure both SO2 and NOx simultaneously, such as differential optical absorption spectroscopy
(DOAS) and Fourier transform infrared spectroscopy (FTIR), included in Table 5. These systems are
generally more expensive and potentially more complex than single pollutant CEM. However, since
one system is easier to maintain than two, the QA/QC requirements are reduced when combined
systems are used.
NOx in coal-fired flue gas mainly comprises three gases – nitric oxide (NO), nitrogen dioxide (NO2,)
and nitrous oxide (N2O). Different analytical techniques can pick up one or all of these gases at
different sensitivities. Methods for N2O are often more challenging as interference can be caused by
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carbon monoxide (CO), carbon dioxide (CO2) and moisture. As with CEM for PM and SO2, CEM for
NOx should be selected based on the expected concentration of NOx and should consider the chemical
composition of the flue gas to ensure that interference is avoided. Chemiluminescence is the most
often used method to measure emissions of NOx.
Since stack emissions from power plants contains approximately 95% NO and 5% NO2, both forms of
NOx must be measured.

3.4

METHODS FOR MERCURY MONITORING

Measuring mercury emissions from flue gases can be more challenging than measuring emissions of
other pollutants mainly because mercury is present in significantly lower concentrations, often orders
of magnitude lower than SO2 and NOx. The monitoring systems must therefore be more sensitive.
Mercury is an element and can be present in the flue gas in different forms.
Most mercury analysers require mercury to be in the elemental form and cannot detect oxidised
mercury. This means that these systems must include some form of thermal or chemical process to
convert oxidised mercury into the elemental form. This additional processing stage before analysis
means that there is an extra stage in mercury analyses that can suffer from interference.
Mercury can be monitored by CEM systems: cold vapor atomic absorption spectroscopy (CVAAS),
and cold vapor atomic fluorescence spectroscopy (CVAFS). It can also be measured with DOAS, but
this will only detect mercury in the vapour form. The typical range of detection is 3–1000 µg/m3. For
analysis of a lower concentration of mercury vapour, extractive thermo-catalytic reduction followed
by UV absorption can monitor mercury levels down to less than 1µg/m3 and atomic fluorescence
spectrometry (AFS) can monitor down to 0.01 µg/m3 (UKEA, 2019).
Mercury can also be monitored with a simpler, but non-continuous sorbent trap method (EPRI, 2014).
The typical detection range is 0.1–50 µg/m3 (UKEA, 2019). The advantages of sorbent traps include:
•

the sample collection process is relatively simple compared to setting up a CEM – the
sorbent trap is placed in or just outside the stack and the flue gas is drawn through for the
required period;

•

the sorbent captures all forms of mercury;

•

the sample can be stored for checking later; and

•

the sample time can be adjusted to suit the concentration – longer sampling times allow low
concentrations of mercury to be measured This is often critical for situations where the
emission limit is low enough to approach the level of detection, as is the case for mercury
limits in the USA, EU, Japan, and China.
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The disadvantages of sorbent traps are:
•

the results are not instantaneous; and

•

the result only gives an average mercury concentration over the period of monitoring and so
the result is not continuous but rather a snapshot.

Sorbent traps for mercury measurement have been used in several of the previous ICSC studies carried
out on behalf of the United Nations Environment Programme (UNEP), all of which are published and
available from the UNEP Coal Partnership Area website (UNEP, 2021).
The sorbent trap and wet chemical methods could be considered appropriate for compliance purposes
in India in the near term. This is because the current emission limit for mercury in India, 0.03 mg/m 3,
is unlikely to be a challenge for most coal-fired power plants. Extractive methods applied annually
would be sufficient to confirm that emissions are indeed below the emission limit. This approach was
used in Europe, North America, China, and Japan before emission limits were tightened to levels where
compliance became a challenge for coal plants.

3.5

CEM SELECTION PROCESS

The first challenge for a source such as a coal-fired utility is to determine which of the above systems
is most appropriate to use at each stack. The decision must be made on a source-by-source basis and
must consider the expected concentration of pollutants at the stack; more dilute stack gases, those
with lower concentrations of pollutants, will require more sensitive systems than those with high
concentrations. The CEM must be able to detect down to the concentration of pollutants in the stack
accurately but must also be able to record when concentrations drop further or when they increase.
For example, if fabric filter systems for PM control suddenly fail, PM concentrations can increase by
orders of magnitude in a short period. The CEM must also be able to accurately and quickly detect and
report when emissions exceed the defined emission limit or norm so that appropriate action can be
taken. Figure 3 shows the decision tree for installing a PM CEM.
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Figure 3 Decision tree for gaseous CEM selection (CSE, 2017)
As noted in the text at the bottom of Figure 3, there are advantages and disadvantages to each system
which make them appropriate for some sources and not others. The system selected must be tuned to
the concentration range expected. Scatter and opacity systems are popular, with the choice depending
on the PM concentration, the moisture content of the stack, the velocity of the stack gas, and the
location of the sampling point. In short, the CEM selection process requires detailed knowledge of the
stack conditions as well as expert understanding of which type of monitor is appropriate on a case-bycase basis.

3.6

QUALITY ASSURANCE, QUALITY CONTROL AND
CALIBRATION

CEM equipment has to work in a hostile environment (hot and often acidic flue gases) whilst creating
stable measurement conditions for electronic sensors to be able to detect low concentrations of
chemicals. There is a significant number of things that can go wrong. QA/QC are vital to ensure that
the data from any CEM system are accurate and valid. CEM commonly need checking and maintenance
at least one a month, often more often. QA/QC protocols and related training for CEM operators are
complex and extensive.
The training which will evolve from the recommendations of this report will concentrate on providing
detailed and specific QA/QC training appropriate for the Indian challenge. QA/QC requirements
include:
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•

system servicing;

•

alignment and cleanliness;

•

leak testing;

•

zero and span check (to ensure the system is adequately detecting absolute zero as well as
full range values);

•

linearity – to confirm accurate readings across all concentrations;

•

interference checks (effects of other pollutants and flue gas components); and

•

cycle/response times.

Perhaps the most critical component of QA/QC is calibration. For a CEM to measure a pollutant
accurately it must be calibrated regularly. This means introducing a sample at known concentration(s)
and confirming that the analyser obtains the same reading. Calibration of one CEM against another
CEM or another measurement method is often also required. The procedures for CEM calibration are
long, detailed and often challenging. Extensive guidance materials have been published in the area.
Calibration is by far the most complex part of QA/QC and maintenance and will form a significant
portion of the training provided in India.

3.7

DATA REPORTING

CEM systems are designed to provide real-time information on emissions in support of compliance
with emission limits. This means that the CEM must provide data in a form that can be used to
continually assess plant performance and indicate when exceedances of emission limits occur. Thus,
CEM must meet minimum requirements in terms of data output – consistency, regularity, accuracy
and so on. In most cases, CEM must deliver the data live to the plant operator but, often the data must
also be made available directly to the regulator. There must also be a protocol in place to determine
what action is taken to replace or estimate missing data for periods when CEM systems may be offline
completely. This is discussed more in Chapter 6.

3.8

COMMENTS

Although CEM systems are well-designed pieces of equipment that can measure concentrations of
pollutants with the minimum of human input, there are still installation and maintenance requirements
that, if not met, will render any results from the CEM non-representative and/or inaccurate. Even
before a CEM system is installed, the source operator must:
•

know the approximate pollutant concentrations expected;

•

determine the conditions inside the stack (temperature, flow rate, homogeneity and so on)
to determine the best type of sampling (in situ, cross-stack, or extractive);

•

determine what analytical interferences may arise from other pollutants; and
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•

determine the best location for a CEM system on the stack to allow it to be accessible for
QA/QC activities;

•

select a CEM system which has been certified as fit for purpose (see Chapter 4); and

•

ensure that the CEM meets any additional specific requirements set by the
authorities/regulators (see Chapter 5).

The decision on which CEM system to install for compliance purposes is not simple. The CEM selection
process requires detailed knowledge of the stack conditions as well as expert understanding of which
type of monitor is appropriate on a case-by-case basis. Further, the installation, maintenance and
QA/QC of the monitor will ultimately determine whether the data it produces are accurate,
representative, and reliable.
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4

STANDARDS AND CERTIFICATION

There are basic requirements for installing and operating CEM systems to ensure that they produce
accurate and reliable data, as outlined in Chapter 3. Further, there are international, regional, and
national standards that are applied to ensure that the selection and installation of CEM equipment also
meets minimum requirements. This is necessary to ensure that all sources are reporting to meet
national emission standards and to inform emission inventories accurately. However, two main
approaches are adopted by the majority of countries where CEM are used. Since India is still in the
process of developing its approach to standardising CEM installation and use, it is wise to review the
options available.
Table 6 summarises the differences between the EU and US standards, which are discussed in more
detail below.
TABLE 6

4.1

COMPARISON OF EU AND US APPROACHES TO CEM

EU

USA

Selection of
equipment

QAL-1/EN15267 relates to
certification of appropriate CEM
systems

No certification. The onus is on the
operator to demonstrate that the CEM
installed is fit for purpose

Installation

Must meet standard EN15259

As above

Stability before
calibration

QAL-3

Seven-day drift test

Valid calibration

Functionality test and QAL-2
assessment

Correlation tests over 3 days

Ongoing equipment
stability

QAL-3 plus annual linearity

Zero and span plus quarterly linearity

Ongoing calibration
stability

Functionality test and annual
surveillance tests

Annual correlation test and relative
accuracy test audits

THE EUROPEAN APPROACH

In Europe, CEM (referred to regionally as AMS – automated measurement systems) for compliance
monitoring must be certified as fit for purpose. This approach was initiated in Germany in 1975, where
the Technischer Überwachungsverein (TUV, Technical Inspection Association) established a ‘type
approval scheme’ for monitoring systems. This approach was then adopted by the UK Environment
Agency in 1998 as the Monitoring Certification Scheme (MCERTS). The Comité Européen de
Normalisation (CEN), also known as the European Committee for Standardization, then adopted the
system across Europe in 2004. CEM equipment is now certified according to standard number
EN15267-3 and any equipment used for compliance monitoring must meet this standard. Therefore,
European sources have a list of certified CEM equipment systems and suppliers from which they must
select the most appropriate system for their source. Thus, once installed correctly, the CEM can be
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automatically assumed to be acceptable by the regulator, and the operator can move directly on to
meet QA/QC requirements. This is not the case in the USA (see below) where any CEM system can be
used if it can be demonstrated to be fit for purpose.
This equipment certification requirement moves the onus of development and evaluation of a CEM on
to the equipment developer and supplier. These companies must apply for certification of their
systems and pay for performance testing and auditing by an official body. This can be a costly and
lengthy process which may hinder the rapid development and deployment of new measurement
methods. However, the certification process makes it easier for sources to be assured that they are
using equipment that is appropriate to demonstrate compliance.
In Europe, this equipment certification is referred to as QAL-1, as shown in Table 9. There are two
further stages of CEM deployment – QAL-1 and QAL-2:
•

QAL-1 – certification of the CEM system itself

•

QAL-2 – assessment and validation of the performance of the CEM once it has been installed

•

QAL-3 – ongoing maintenance and QA/QC of the system during all subsequent operation

The QAL system is well established in Europe. The International Standards Organisation (ISO) also
produces standards for emissions monitoring and CEM. However, unlike the standards published by
the USEPA and the EU CEN system, ISO standards are voluntary. Recently, ISO and CEN have
collaborated with the result that many CEN standards are automatically adopted as ISO standards.

4.2

THE US APPROACH

The USA does not have a certification scheme for CEM systems. According to the USEPA Code of
Federal Regulations (CFR), any CEM or measurement system can be used if it can be demonstrated to
be fit for purpose through a performance evaluation which includes:
•

evaluation of the CEM in situ with respect to stable output, seven-day drift, zero and span
test analyses;

•

calibration over several ranges to meet statistical correlation limits;

•

evaluation of performance stability; and

•

relative accuracy test audits (RATA) against manually applied reference materials.

The US approach makes it easier for new equipment suppliers to enter the marketplace but puts
significantly more onus on both the equipment supplier and the plant operator to confirm that the
system works as it should in the required location.
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4.3

THE INDIAN APPROACH

The National Clean Air Programme (NCAP), announced by MOEFCC in January 2019, established the
National Physical Laboratory – India Certification Scheme (NPL-ICS) for certification of CEM (CPCB,
2019c). In August 2019, MOEFCC designated that the Council of Scientific and Industrial Research
and NPL (CSIR-NPL) be responsible at a national level for certification of CEM and other equipment
that may be used for monitoring emissions or ambient air. Under this designation, the CSIR-NPL
organisation was tasked with the development of the necessary infrastructure and systems for testing
and certification facilities that are compliant with ISO standards for CEM and manual samplers (CSE,
2020b). As discussed in the CSE report, the establishment of the CSIR-NPL certification is the first
step to ensure verifiable CEM data for both industrial sector operators and CPCB/MOEFCC authorities
for compliance checks. Once implemented, the CEM certification process will make it possible for data
to be used by authorities for enforcement action. The work is to be carried out in consultation with
the CPCB. CSIR-NPL are part of the Quality Infrastructure effort in India, which ensures assessment
through well-established institutions of metrology, accreditation, and standards. In 2017, NPL of India
launched certified reference materials trademarked as Bhartiya Nirdeshak Dravya (BND). BNDs are
the standards used to ensure quality and metrological traceability of products, to validate analytical
measurement methods, or for the calibration of instruments (Aswal, 2020).
As the new approach to certification evolves, the current criteria for acceptance of analysers for CEM
in India are (CPCB, 2018a):
•

quality assurance procedures follow those specified in the European Union – QAL-1, QAL-2,
QAL-3 (as discussed in Section 4.1);

•

for non-certified analysers, a performance check must be carried out in the field, to validate
the calibration function, and variability based on data comparison with the data quality
objective and establishing the calibration function with a standard reference method (similar
to the US approach, as discussed in Section 4.2);

•

once the Indian certification system has been fully established, all manufacturers must
achieve certification within six months; and

•

PM and gaseous CEM systems must meet minimum performance specifications, including a
stipulated range for zero/span/linearity and performance accuracy.

India is therefore following the EU approach to certification of CEM but is currently allowing the US
approach as a back-up. This approach is flexible and encourages all sources to install certified CEM
systems where possible. Where not possible, it encourages the source operator to ensure that a suitable
CEM is installed, is demonstrated to be appropriate on site, and obtains certification within six months
of the Indian certification scheme coming into operation. Whilst this flexibility is intended to ensure
that operators can install all CEM, certified or not, the flexibility undermines the proposed
establishment of an Indian certification scheme and, as such, creates potential problems. The
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establishment of an Indian certification system requires a commitment from the sector to require
certification as a standard across the fleet. The option to validate non-certified CEM in situ, according
to the US approach, undermines the importance of any certification system – why would a vendor pay
significant amounts of money (often hundreds of thousands of dollars) and time (often in terms of
years) to have their CEM system certified if they can simply validate it in situ using the US approach?
The certification approach is only advantageous if all CEM systems meet the same requirements. India
does not have a certification scheme established and, although such a scheme may have benefits once
in place, it does not seem timely to introduce such an expensive and potentially limiting approach
during the period where investment in CEM systems in India is at its peak. Any confusion over what
CEM systems are certified or acceptable could add an additional hurdle for utilities who are struggling
to select and install these systems.
Certification is also required for third-party laboratories who will confirm CEM performance and data.
In India, these laboratories must be accredited by the National Accreditation Board for Testing and
Calibration Laboratories (NABL) and/or by the CPCB and the MOEFCC under the Environment
(Protection) Act of 1986 (NABL, 2021). Nothing has been published on the development status of
these certification schemes.

4.4

COMMENTS

The Indian government is adopting the European approach to CEM certification; CEM systems can
only be used for compliance monitoring if they have passed rigorous testing in an independent and
certified laboratory to meet defined international standards. This certification approach has the
advantage that utilities can purchase CEM which have been extensively evaluated to ensure that they
are fit for purpose. This is no doubt seen by the Indian government as a means of ensuring that all CEM
in India are appropriate (at the point of purchase). The disadvantage of this approach is that the
number of certified CEM in the marketplace is limited and so the choice is far more restricted than
would be under the US approach, where any CEM can be used if it is demonstrated to be fit for purpose
on site. Should any new monitoring methods be developed, it will be several years before they are
available as certified products in the Indian market. New CEM system developers, including any that
evolve in India, would need to invest significant time and money to gain certification to allow them to
enter the Indian market.
The situation is further complicated by the fact that, during the establishment of an Indian certification
scheme for CEM, utilities can currently use the US approach of installing any CEM system proven fit
for purpose when in position. For many, the US approach may require more expert skill during the
installation phase. However, the US approach opens up the market significantly, since many
international vendors, who supply a significant proportion of CEM equipment globally, have not
applied for certification under the EU scheme. Currently, Indian utilities can install any CEM system
– but when the certification system is eventually enforced, the choice of CEM systems available will
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suddenly be reduced significantly. Finally, the requirement for certification for CEM will come with a
requirement for a certification system within India, including the establishment of a certification body
and qualified staff. This adds further layers of bureaucracy to an already challenged sector.
Certification will indeed make CEM selection in India simpler and more standardised. However, the
processes required to achieve this could delay CEM installation and lead to further confusion within
the industry.
Ultimately, although equipment certification helps ensure that all data are valid, even the best
equipment can give bad results if not installed and operated correctly. Indian stakeholders should
focus on establishing a resource pool of qualified individuals who will be best positioned to determine
how CEM selection should be implemented in India. Regardless of certification, the application of
QA/QC protocols remains vital to ensure that CEM systems work correctly. This work relies heavily
on the availability of suitably qualified staff and the enforcement of appropriate maintenance practices.
The training that will arise from the current work will focus on ensuring that candidates are provided
with the skills necessary to select, install and maintain all CEM systems, regardless of certification
status. At the same time, stakeholders will be made aware of the advantages of certification systems to
ensure that, should these become standard in India in the future, staff are already equipped with the
knowledge to understand and implement certification methodologies.
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5

OFFICIAL CEM REQUIREMENTS IN INDIA
AND STATUS OF OBSERVANCE

Rules and regulations issued by agencies of the Government of India often set combined guidance for
the deployment of CEM and Effluent Monitoring Systems (EMS) for liquid waste streams. CEM and
EMS are sometimes jointly called Online Continuous Emission/Effluent Monitoring Systems (OCEMS).
Since the objective of this report is to evaluate the status of CEM deployment in India for emissions to
air, only information relevant to CEM is discussed.
The previous chapters reviewed the importance of ensuring that CEM equipment are fit for purpose
and that they are installed and maintained correctly. This chapter considers how these requirements
are being met in India. As discussed in Chapter 2, the installation of CEM throughout relevant
industrial sectors in India was mandated in 2014 by the CPCB. However, despite these requirements,
CEM installation guidelines were not issued by CPCB until August 2017. Revised CEM installation
guidelines were then issued in August 2018, which include:
•

recommended instrumentation/methodology for monitoring;

•

calibration procedures for gaseous and PM pollutant CEM;

•

accreditation of laboratories for participation in the proficiency testing programmes
organised twice a year by CPCB;

•

data acquisition systems and data transmission to CPCB servers; and

•

exceedance data protocols for consideration of violations.

Although these are the current guidelines, it is clear that not all of the requirements are being met in
India. The sections below summarise the approach being taken in India, highlighting where challenges
may remain. More detail on these issues will be provided in the materials provided to stakeholders
undergoing training.

5.1

RECOMMENDED INSTRUMENTATION AND METHODOLOGY

Within the CEA guidance, flue gas analysers are to be provided for continuous monitoring of emissions
(CEA, 2020). A complete stack emissions monitoring system should include CO, CO2, SO2, NOx,
mercury, and stack opacity analysers (PM monitors) as well as flue gas flow and temperature meters.
All of these systems are commercially available as bolt-on monitoring systems for coal-fired power
plants from regional suppliers.
Guidance is provided on the technical specifications for extractive and in situ SO2, NOx, CO2, and CO
analysers and it is specified that reporting should be normalised for temperature, pressure, and water
vapour (CEA, 2020). Installation requirements are also provided in the CEA document regarding
elevation and accessibility for maintenance (according to CPCB requirements), hardwiring, and
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connection to software systems for monitoring, archiving and report generation for the environmental
monitoring authorities.
In addition to installation of the relevant CEM system, manual stack sampling provisions should also
be provided according to the CPCB/SPCB regulations. These cover requirements for access, lighting,
safety rails, ladders, and other necessities for regular QA/QC activities.
The following sections below summarise the specific requirements in India for CEM systems in terms
of equipment type.

5.1.1

Particulate matter

The CEA guidance document (CEA, 2017) provides requirements for PM emission measurements with
stack opacity monitors which include specific guidance on factors such as accuracy, measurement
range and operating temperature. The specifications are relatively standard. The range covered, up to
999 mg/m3 will be sufficient to cover any coal-fired power plant emissions.
The guidance provided by the CPCB (2018a) defines the applications and limitations of different types
of PM CEM, outlining, for example, which systems are most appropriate for hot or humid stack
conditions. The PM measurement techniques covered in the CPCB document include
transmissometers (opacity), probe electrification (triboelectricity), and light scattering. These
methods were introduced in Section 3.3. Although no published data are available, it appears that
opacity CEM are the most common systems in India.

5.1.2

SO2 and NOx

Indian coals typically have relatively high sulphur contents in the range of 0.4–0.6 wt% (dry ash-free
basis). This may correspond to uncontrolled emissions of approximately 800–1600 mg/m3 SO2 (with
no emission controls in place). Thus, most plants must employ some form of FGD for capturing SO2
to comply with current emission standards. As discussed in Chapter 2, compliance with standards is
mandated by the CPCB for the bulk of the coal-fired capacity. To comply, most of these plants would
have to instal WLFGD which can limit SO2 emissions by over 90%. However, there is an ongoing
derogation for some plants with phased requirements for compliance depending on plant size and
location. This means that most plants are currently emitting relatively high concentrations of SO2. This
will affect the selection of CEM, especially for mercury CEM, which tend to be sensitive to SO2
concentrations, as many systems can be affected by high concentrations of acid gases (see Chapter 3).
Whilst all SO2 CEM systems can cope with the full range of SO2 concentrations expected at coal plants,
some may cope better than others with interference, and all of them will have to be tuned to the ranges
expected.
Typical combustion of coal in a conventional boiler can produce more than 800 mg/m3 of NOx in the
flue gas. This concentration of NOx can be reduced to 200–600 mg/m3 by primary NOx controls (such
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as staged combustion with overfire air), depending on their efficiency and complexity. Further
reductions that may be required can be met by the addition of secondary NOx controls such as SNCR
or SCR.
Both SO2 and NOx can be measured simultaneously by some analysers, as discussed in Chapter 4. This
approach can be cost-effective and can also reduce QA/QC commitments as only one CEM is required.
The CEA guidance document provides requirements for combined hot-extractive sampling of SO2 and
NOx as well as for separate dilution extractive analysers, and in situ analysers (CEA, 2017). The
guidelines demonstrate that the Indian regulators fully understand the importance of the selection and
installation of appropriate CEM systems. They have summarised the minimum requirements so that
plant operators can see quickly what SO2 and NOx CEM they should be using and how they should be
set up with respect to operating ranges. When new emission control systems are installed at a unit, the
CEM in place will have to be adjusted and calibrated to cope with the expected lower concentration
ranges. This approach provides clarity for plant operators.

5.1.3

Mercury

The CEA guidance (2017) on mercury monitors focuses on the performance of the analysis
methodology which implies the use of a CEM system. Although not mentioned in the CEA 2017
document, there should still be the option to measure mercury using the sorbent trap approach
discussed in Section 3.6. Mercury CEM are available from several international manufacturers such as
Tekran, Thermo Fischer and PS Analytical and mercury sorbent trap systems are available from
companies such as Lumex.

5.1.4 Certification
Sources must select CEM systems that have been certified prior to installation (as discussed in
Chapter 4 (CPCB, 2018a). CSIR-NPL are reviewing the background work and assessing the
infrastructure that will be required to prepare their facilities to undertake the work related to
certification. NPL is applying for the ISO certification. NPL will also prepare a comprehensive QA/QC
protocol for assessment of air pollution analyser instruments (CSE 2020b).
However, since the Indian certification scheme is not yet available, internationally accredited and
verified equipment manufacturers have supplied most of the CEM to power plants to date (see
Section 5.3 below). These manufacturers hold certification from either the UK Environment Agency’s
Monitoring Certification Scheme (MCERTS) or the EU Technischer Überwachungsverein
(TUV-CERTS).

5.2

STATUS OF CEM INSTALLATION

There is limited published information on the status of CEM deployment, their operation and
maintenance or the protocols for use of CEM-generated data within India. Although it appears that
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CEM systems are being installed on all thermal power plants, there is no information on whether these
systems have been installed correctly or are being operated as per the requirements. For CEM to
provide valid and appropriate emissions data, they must be installed and operated correctly.
Appropriate deployment encompasses issues such as technology selection, equipment installation,
adherence to QA/QC protocols, reliable operation, adequate maintenance, as well as data acquisition,
handling, and reporting. Therefore, proper knowledge and skills development for these aspects of
CEM utilisation are crucial for all stakeholder groups. Further, the sector must coordinate to ensure
consistent standardisation of CEM installation and maintenance across the fleet which will require that
the stakeholders hold the relevant competency to report consistently valid emissions data.
During 2016–20, CSE carried out state-level surveys of coal-fired power plants in the states of Uttar
Pradesh, Madhya Pradesh, Rajasthan, Punjab, Haryana, Maharashtra, Odisha, and Karnataka. The
surveys revealed that only ‘some’ plants in these states were equipped with CEM to measure PM, SO2,
and NOx (CSE, 2021b).
The CSE work suggests that more than 200 coal-fired power plants, comprising around 600 units in
India, have installed real-time CEM for mandatory parameters – PM, SO2, and NOx - and are supplying
the real-time data to the SPCBs/CPCB. As real-time monitoring of mercury is not a mandatory
parameter, only a few plants have installed mercury CEM; the exact number is not known.
The project team collected information through the Right to Information (RTI) Act in India. A request
for specific information was sent to state or national government agencies. Based on the collated
feedback received to date, 599 coal-fired utility units (562 hard coal-fired units and 37 lignite-fired
units) in India have CEM for PM, SO2, and NOx. The analysis of data received through the project RTI
is summarised in Table 7.
TABLE 7

DATA REPORTING FOR UNITS WITH INSTALLED CEM (FOR 2020 FISCAL YEAR )

Units reporting

Units with reporting
issues

Units not reporting or
data not publicly
available*

PM CEM

291 (49%)

7 (1%)

301 (50%)

SO2 CEM

248 (41%)

57 (10%)

294 (49%)

NOx CEM

242 (40%)

50 (9%)

307 (51%)
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The data for PM, SO2 and NOx CEM reporting are shown in Figure 4.

Figure 4 Reporting patterns for units with CEM installed (according to the RTI of this study)
Out of the three pollutants considered here, PM CEM data were reported by almost 50% of units. SO2
and NOx data were reported by only about 40% of units. It appears from the data that operation of SO2
and NOx CEM was more challenging for utility staff as about 10% of units had issues with either not
installing CEM or not reporting data, compared with only 1% for PM CEM. About 50% of units did not
report data (or data were not publicly available) for each of the three pollutants considered.
Based on the data, a different pattern of reporting could be observed for different states. For example,
Madhya Pradesh and Odisha had the highest number of units reporting. In Rajasthan a minority of
units reported, whereas no units reported at all in Tamil Nadu. No detailed analysis was made regarding
the number of units in each state and percentage reporting and what this means in terms of compliance
with the Indian CEM requirements as there are insufficient data to identify the relevant issues.
However, different patterns of reporting may be indicative of different approaches used by SPCBs in
states across India; for example some SPCBs may be more lenient than others.
It was not possible to obtain information on which commercial CEM systems are being installed at
coal-fired plants in India as this information is regarded as proprietary. However, some data have been
found. For example, it is known that NTPC power plants have procured most of their instruments from
Analysers Instrument Company Pvt Ltd, Kota in Rajasthan. Forbes Marshall and CODEL have provided
instruments to power stations in Maharashtra, and SICK India Pvt Ltd has installed instruments in units
at Chhattisgarh State Power Electricity Board. Instrument suppliers to other power plants include
Siemens, Emerson, and Yokogawa India (CSE, 2021b). Among Indian coal-fired plants, popular CEM
brands in use include Forbes Marshall, CODEL, Fuji, ABB, Yokogawa, Emerson, and Siemens.
Of the 599 units covered by this analysis, only three reported data for mercury, and in each case the
value reported was significantly above the existing, relatively lenient, emission limit of 0.03 mg/m3. It
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is therefore vital that the important and enforceable requirement for installing mercury CEM be added
to the current requirements as soon as possible.

5.3

APPLICATION OF C ALIBRATION AND MAINTENANCE
PROCEDURES

As mentioned previously, QA/QC and calibration of CEM is technically complex and thus is not
covered in detail here. However, it is still important to review the current status of QA/QC for CEM
in India. The key requirements for CEM operation specified by the CPCB (2018a) are relatively
specific covering QA/QC requirements but can be summarised as follows:
•

PM CEM requires daily zero and drift checks and should be calibrated annually, or after a
switch in coal supply, using a manual gravimetric method. Each calibration should be at
three operational loads with triplicate sampling at each load.

•

SO2 and NOx CEM, require daily zero and weekly drift checks and should be calibrated
every six months or after any major repair as well as after any replacement of an analyser
lamp.

All gaseous CEM should have the capability for remote calibration for verification of performance by
SPCB. Zero and span gases used for calibration should be certified (Bhimani 2021). CEM must meet
performance requirements which must be checked during QA/QC checks.
CPCB does not provide detailed CEM maintenance instructions. There is only a recommendation that
CEM should remain operational and capable of supplying data to the CPCB server. As a result, no
regular maintenance practices are followed by the sources. This is probably the main reason for
unsatisfactory data reporting to CPCB/SPCBs. In addition, mid-scale, or small-scale plants (which
dominate in terms of total capacity) typically do not have dedicated in-house skilled manpower to look
after CEM operation and maintenance (Kanchan, 2019).
CEM maintenance practices are an important factor to ensure proper operation. This is especially true
for Indian conditions where the equipment is exposed to high temperature, dust, and rough weather
conditions. Maintenance of CEM in India, is seen in the context of keeping them physically clean,
aligned, and operational. CPCB does not provide detailed maintenance instructions. There is a
suggestion that CEM should be properly maintained so that they remain operational and capable of
supplying data to the CPCB server. Zero and span check terms are referred to both as maintenance and
calibration. Apart from these checks, for which the frequencies have been set by the CPCB, no regular
maintenance practices are being followed by sources. This is one of the reasons why sources are
reporting inaccurate data, data gaps, and CEM are going out of service frequently. CSE identified
numerous issues with CEM installation, calibration, operation, maintenance as well as an inadequate
knowledge base among stakeholders on how these systems should be operated at the level required
for compliance monitoring (CSE, 2021a).
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Some large sources with several CEM usually have an engineer assigned by technology
provider/vendor to address maintenance issues. This assigned person is under contract between the
CEM technology provider and the plant and is responsible for the CEM operation and maintenance.
However, without a means of determining how skilled and appropriately-trained the assigned person
is, it is not possible to guarantee valid results.
Unfortunately, not all sources have engineers assigned by the technology provider under the
maintenance contract. Some have a poor maintenance record and struggle with proper
implementation of CEM. Mid-scale or small-scale plants often do not have sufficient in-house skilled
manpower to look after CEM operation and maintenance, nor do they have engineers assigned by the
technology provider. The maintenance practices in these plants are infrequent which leads to
problems with CEM operation. Typically, CEM operation and maintenance depends solely on the
technology providers to visit and rectify issues (Kanchan, 2019).
In the most recent annual report available online for 2018-19 (CPCB, 2019c), the CPCB note that 2792
sources (original language: industries) within the 17 major categories have installed emissions and
effluent monitoring systems. Of these, 320 were installed in power plants. During 2018-19, the CPCB
carried out inspections of source emission monitoring at only five thermal power plants (CPCB,
2019c). According to the latest update available (April 2019), only 11 power plants had completed and
passed remote zero and span testing, carried out by the CPCB (CPCB, 2019b). It is unclear if these
11 power plants are utility or industrial boilers. Discussion with CPCB and SPCB officials indicates that
regulators carry out remote CEM checks for the plants where the received data indicate continuous
abnormality for a long period.
Specialists believe that issues persist in the majority of installations, lowering the confidence in CEM
data quality. Aggarwal (2018) suggested that there are few if any laboratories carrying out calibration
or certification of equipment in India and instruments which have been installed may not be well
maintained. Creating a local certification system in India, accreditation of laboratories, and most
importantly regular use of real-time CEM data as a legal compliance check tool are some critical gaps
which the government must fulfil (Kanchan, 2019).
Kanchan (2019a) has summarised the challenges which persist in India to ensure that CEM systems
are installed, maintained, and operated correctly and that QA/QC procedures are carried out correctly.
They are summarised in Figure 5.
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Figure 5 Implementation challenges for real-time monitoring in India (Kanchan, 2019a)

5.4

COMMENTS

There are significant and numerous areas of CEM operation in India that require improvement. Only
around 50% of units report annual average concentrations and the remainder either do not report or
do not make the data publicly available.
Guidance on how to select and install CEM has been provided by Indian ministries and regulatory
agencies. However, they are just that, guidance documents; they are not regulated standards. Without
official or legal requirements and associated checks to ensure that the guidelines are being followed,
there is a substantial gap between what should be happening in India and what is happening in practice.
Around half of Indian utilities have either not yet installed CEM systems or are not maintaining them
in such a way that guarantees quality data. This situation may not improve since there is currently no
viable enforcement scheme in India. Although guidance from the ministries is issued, there is no
inspection or follow-up to ensure that the guidance is followed. Instead, it is assumed that any CEM
system installed has been installed correctly and is operating as it should - this is a significant
assumption to make.
For the system to work effectively, ministries and regulators in India need to evaluate CEM systems
on-site and carry out regular inspections to ensure that the CEM are functioning as they should. For
this to be successful, both utility staff and regulators must have a full understanding of how CEM
systems are correctly implemented – and this requires expert training. If Indian stakeholders agree to
adopt and standardise training on CEM then there will be clarity and uniformity on CEM use, and
reassurance of the validity of reported data. This is vital to ensure compliance with the new emission
standards and for providing emission data that will inform emission reduction strategies.
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6

DATA REPORTING FOR COMPLIANCE

CEM systems in India are ‘asked’ to deliver their data directly to the CPCB and relevant SPCB to
demonstrate compliance of sources with the emission limits. The logistics of CEM data submission to
CPCB are shown schematically in Figure 6 below.

Figure 6 Schematics of CEM data transmission required by CPCB (CPCB, 2017b)
Following initial direction from the CPCB to the source requesting the installation of a CEM, the source
must conduct a market search and select an instrument supplier. Once the supplier has been selected,
installation of a CEM is completed, and the CEM is registered at the CPCB portal. Data are transferred
to CPCB through a temporary portal operated by the vendor. In the next step, after the completion of
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data submission process check by CPCB and any necessary corrections, the source begins regular CEM
data submittal through the instrument vendor’s portal.
As noted in Chapter 5, not all plants have CEM in place, despite the regulatory requirements. Around
50% of units are not providing any data via the online system, despite the legal requirement to do so.
These plants should still be providing evidence that they are following emission limits. They should
be using the previous method of reporting to the CPCB and SPCB. This means that, for some plants,
sampling and monitoring are still carried as per the protocol required under the Air (Prevention and
Control of Pollution) Act of 1981, the Water Pollution (Prevention and Control of Pollution) Act of
1974, and the Environment (Protection) Act of 1986. To date, the Acts provide a legal basis only for
manual sampling and monitoring processes. The industry generally performs monitoring on a weekly,
biweekly, or monthly schedule and the data are typically submitted online every month through
SPCB’s software. The reporting frequency may be relaxed or tightened based on the pollution levels
relative to compliance with the standards. In addition, sources are required to submit an
environmental statement to their respective SPCB as an annual summary for compliance with
pollution standards. The industry also submits an environmental compliance report to the respective
SPCB and MOEFCC demonstrating their performance in compliance with environmental clearance
conditions (or permit). There are no data published which assess the rate of compliance of plants to
reporting emissions data in this manual manner. However, since CEM installation and online reporting
are now a legal requirement, most if not all plants will now be working their way through the process
outlined in Figure 6 which should lead to significantly more consistent reporting in the future.

6.1

CONNECTIVITY AND IMPORTANCE OF REAL -TIME DATA

The Indian regulators insist on real-time data transmission (CPCB, 2017b). However, as discussed in
Chapter 5, only around 50% of coal-fired units are providing this data. According to the instructions,
the source is required to provide a leased-line internet facility to ensure the transmission of data and
information from the analysers continuously and without any time delay. In the absence of a leased
line, a broadband connection can be used as a temporary arrangement. Data transmission through a
data card or dongle is currently accepted. Data submission is allowed through vendors or data
integrators who must have a data handling platform with basic capabilities, including facilities to:
•

receive and display data in real-time;

•

simultaneously communicate the information on the status of the instrument;

•

provide 15-minute average values in tabular form and generate a trend graph for each
parameter at each stack or outlet;

•

compare the 15-minute average values with the prescribed standards and generate alerts
and reports on exceedances;

•

communicate any exceedances as SMS alerts and emails to the relevant officials at a source,
SPCB, and CPCB;
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•

allow the source to communicate the response to SMS alerts and emails, information about
the timeline required for resolution of the problem, and other abnormal conditions
affecting real-time data availability and quality (such as scheduled shut down, process
upsets, raw material and fuel quality issues); and

•

be able to generate the standard statistical reports in the form of graphs and tables.

Further, the CPCB instructs sources to ensure that data supplied through vendors and data integrators
are sent to the central server without delay. The data availability at the central server is the
responsibility of each source.
According to the current CPCB requirements, CEM installed at sources should be connected to the
internet through compatible interfaces and should send data to the CPCB (and SPCB) servers over the
internet using a secure application programming interface (API). More than one real-time monitor at
one site can be connected to one internet module. Central servers installed at CPCB and SPCB are
cloud-based and are managed by a system integrator on behalf of a respective regulator. The data can
be accessed by a source and regulators through a web browser and mobile app while using a secure ID
log in and password. The real-time data submittal process is shown schematically in Figure 7.

Figure 7 Real-time data submittal process (Kanchan, 2019)
The original CEM monitoring software for the Central Portal was developed in 2015 by a company
called LogicLadder. The software provides for real-time monitoring without any intermediary
computers, with accurate time stamps and data logging in case of communication failure, and with
audit logs to trace calibration changes. The system also facilitates a real-time alert over email and SMS
to alert the source to emission limit exceedances and to any issues with data delivery (such as the CEM
being offline) (LogicLadder, 2015).
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6.2

REMOTE CALIBRATION

Perhaps one of the most important and powerful features of the online system is the potential for
remote calibration. Since 2018, the CPCB have started random remote-calibration procedures to check
the reliability of the installed gaseous CEM. This is where the importance of the direct connectivity
requirements outlined in Section 6.1 become clearer. With direct connectivity, there is no
intermediate system – just a two-way communication between the analyser and diagnostic control and
the central server. The schematic of a remote calibration is shown in Figure 8.

Figure 8 Direct data transmission set-up for remote calibration of CEM (Kanchan, 2019)
Remote calibration can be triggered by CPCB officials using the central server software. At the source,
the analyser uses the direct data transfer module, connected to calibration gases, and automatically
follows the command from the CPCB system to carry out zero and span calibration, and displays the
result at the server software. This enables the regulators to randomly check that the CEM is operating,
responding, and sending reliable data as required. A screenshot of a calibration test is shown in Figure 9.

Figure 9 Screenshot of data handling software showing remote calibration features (Kanchan,
2019)
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Figure 9 shows the monitoring ID, indicating that the PM, SO2, NOx, and ammonia (from the deNOx
system) emissions at this unnamed source are being monitored by Siemens and Durag CEM. By
pressing the green ‘trigger’ icon, the operator could instigate remotely a calibration to test that these
systems are running correctly. During this operation, the calibration is limited to a zero and span check
– lowest and highest values.
The CPCB keeps a record of sources that have installed remote calibration systems at
https://cpcb.nic.in/ocems3/. However, at the time of publication (December 2021), the data had not
been updated since April 2019. These data need to be updated regularly if the system is to evolve and
provide transparency on CEM installation across the fleet.
Remote calibration is available on most commercial CEM systems but is not commonly used in Europe
or the USA other than for occasionally remote troubleshooting by the CEM manufacturer. Concerns
include:
•

the potential for hacking/disruption of the automated system;

•

remote calibration relies on the site ensuring that the correct calibration gases are available
and are installed correctly – plants would need to be aware when remote calibration is likely
to happen to ensure everything is in place to facilitate the event; and

•

reluctance by CEM manufacturers to allow access to CEM operating systems, since some
CEM operational information is proprietary.

6.3

SELECTED EXAMPLES OF CEM DATA GENERATION AND
REPORTING

The client software that communicates between the CEM device software and the regulator software
(CPCB and SPCB) are similar in appearance but are customised to allow for the user’s requirements
and authority level. The two components of the software are linked via a secure communication
protocol. The CPCB can access all the plant data and diagnostics whereas the SPCB officials can only
do so for the plants in their jurisdiction. Each source can only access their data.
Numerous analyses can be carried out with the software. For example, reports can be produced on
real-time raw data, average data, data gap, exceedances, and calibration for a selected period.
Screenshots of data handling software showing a real-time report and an average report are shown in
Figures 10 and 11.
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Figure 10 Screenshot of data handling software showing a real-time report (Kanchan, 2019)
Figure 10 shows that data are being reported for several emissions and effluents every few minutes.

Figure 11 Screenshot of data handling software showing an average report (Kanchan, 2019)
Since the (unnamed) source is running at a steady state, the average emissions over time, shown in
Figure 11, are consistent. Any deviation from the average would be obvious. The software also allows
a remote review of CEM maintenance practices, as shown in Figure 12.
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Figure 12 Screenshot of data handling software showing a maintenance report (Kanchan, 2019)
The screen in Figure 13 suggests that the CEM systems at this unnamed plant are not undergoing any
maintenance at this time, although there is an error message reported which would require attention
by the plant operator.

Figure 13 Screenshot of data handling software showing a 24-hour matrix report (Kanchan,
2019)
A matrix report shows the periodical average, maximum and minimum values for a selected period.
Figure 13 shows a 24-hour matrix for the total suspended solids (TSS) in effluent released by the plant,
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probably in a batch process, at 11-12 hour intervals. Similar reports can be generated for emissions for
any parameter over any selected average period.

6.4

DATA TAMPERING

The importance of valid data is a priority and so the requirements ensure that tampering is not possible.
It is recommended that Indian emission sources use a Technology Provider for Data Submission
(TPDS) for data transfer. TPDS are defined as ‘an agency/analyser manufacturer/software company who
provides the services of transmission of real-time data directly to Central Portal of CPCB or SPCB without
any in between logic’. CEM data are delivered directly to the CPCB with no possibility of intervention
by the utility operator and without any intermediate data processing. Further details on the data
retrieval system are available via a private log-in which is provided, via an official code, to registered
users only. It is therefore not possible to investigate how the existing data are collated and stored nor
how well the system is operating in practice (Kumar, 2021).
CPCB has modified its Real-Time Data Monitoring System (RTDMS) to record reasons for CEM offline
status. All the industries were directed in August 2019 to record the reasons for offline status or data
non-availability at CPCB Central Portal (reported to be https://cpcb.nic.in/industry-login) in advance
of the event. Accepted advance reasons may be as follows:
•

industry under shutdown;

•

seasonal closure; or

•

maintenance of CEM.

Portal users are further advised that a delay in reporting may be treated as a violation or as nonfunctioning/non-operation of CEM by the CPCB (CPCB, 2019d). The CPCB sent out a warning in May
2018 to all sources with online CEM that checks would be performed to identify potential tampering
through the remote calibration facility and that local pollution control boards would also check for
potential tampering more frequently (CPCB, 2018b).
Examples of potential CEM data tampering issues to date include (Kumar 2021):
•

setting an upper limit (ensuring that any exceedance of the limit is not registered);

•

changing the linearisation coefficient (to give a lower reading for high concentrations);

•

changing the measurement range (to exclude the limit value);

•

transmission of simulated data;

•

file-based data transfer; and

•

submitting non-continuous data.

Based on analysis of suspicious data, the regulatory agency may inspect a plant. Some of the states,
such as Madhya Pradesh and Rajasthan have ‘asked’ industries to install pan-tilt-zoom (PTZ) cameras
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focusing on the stack outlets to capture an image of the plume. The PTZ camera output is then
compared with the PM emissions data to check the credibility of the CEM data (Kanchan, 2019).
In 2017 the Gujarat Pollution Control Board (GPCB) conducted an audit of plants installing CEM
following a regulatory mandate. Typically, CEM were installed by technology vendors and calibrated
on site, with payments made by firms. The accuracy of this calibration underlies the accuracy of the
CEM architecture – if the calibration coefficients are falsified, CEM reported readings will also be
under-estimates. Thanks to a careful data collection regime, the GPCB was able to document that, when
calibration was carried out by plants, CEM measurements were consistently lower than prior manual
inspections had suggested they should be. The devices were therefore audited, and independent
calibrations were carried out. The true calibration factors were found to be very different from those
initially reported, and consequently, true emissions were much higher (Bhimani, 2021).

6.5

ALERTS TO NON-COMPLIANCE

There are four levels of alert in order of increasing severity of departure from standards, connectivity
malfunction and frequency of malfunctions: yellow, orange, red, and purple (CPCB, 2018c). They are
issued automatically by the online CBCB system.
A yellow (level 1) alert is issued when:
•

PM, SO2 or NOx exceed the emission limit by >25% of the 15-minute average parameter
from the permissible limit more than eight times per day;

•

PM emissions deviate from the limit by >60 for eight consecutive readings;

•

SO2 or NOx emissions deviate from the limit by >25%, for eight consecutive readings;

•

a connectivity error such as loss of internet or power occurs for up to four hours (to alert for
loss of important data); and

•

when emission parameters are stable, with less than 2% deviation, for more than 24 hours
(signifying false data or a faulty instrument).

Yellow alerts autogenerate an alert letter or email but will trigger an SMS in the case of a power failure
or complete loss of data. These alerts can be cancelled if the emission limits are exceeded due to
start-up or shut-down activities at the plant (when emissions are commonly, temporarily high),
although this must be recorded and reported to the board. Where data are missing, these should be
delivered to CPCB/SPCB by mail.
An orange (level 2) alert is issued when:
•

more than 36 alerts are issued during any 30-day rolling period;

•

PM deviates from the limit by >60% for 32 consecutive readings;
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•

SO2, or NOx deviate from the limit by >25% for 32 consecutive readings or there are four
yellow alerts for >60% exceedance;

•

connectivity (power or internet) is lost for four hours or more up to 12 times over a 30-day
rolling period; and

•

when emission parameters are stable, for more than 72 hours.

Orange alerts trigger autogenerated alert letters or emails which required a reply by mail. The source
must immediately take action to correct any issues with air pollution control systems and must inform
SPCB/CPCB of actions taken.
A red (level 3) alert is issued when:
•

more than 72 yellow alerts are issued during any 30-day rolling period;

•

connectivity (power or internet) is lost for four hours or more up to 18 times over a 30-day
rolling period;

•

connectivity (power or internet) is lost for 144 hours or more;

•

PM deviates from the limit by >60% for 96 consecutive readings;

•

SO2, or NOx deviate from the limit by >25% for 96 consecutive readings; and

•

when emission parameters are stable, for more than 144 hours.

Red alerts trigger autogenerated alert letters or emails which required a reply by mail. The source must
immediately take action to correct any issues with air pollution control systems and must inform
SPCB/CPCB of actions taken. The source must also report any issues with emissions or effluent and
must explain the reasons for the poor performance of air pollution control systems.
A purple (level 4) alert is issued when:
•

more than one red alert has been issued during any 30-day rolling period;

•

connectivity (power or internet) is lost for four hours or more up to 24 times over a 30-day
rolling period;

•

connectivity (power or internet) is lost for seven days or more;

•

PM deviates from the limit by >60% for 192 consecutive readings;

•

SO2, or NOx deviate from the limit by >25% for 192 consecutive readings; and

•

when emission parameters are stable, for more than 144 hours.

Purple alerts autogenerate a letter requesting an explanation within 15 days. Corrective measures must
be taken immediately, which may mean closure of the plant. Root-cause analyses and action must be
reported to the SPCB and CPCB and a third-party investigation may be assigned.
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6.6

REGULATION VERSUS SELF-REGULATION

The CPCB keeps an updated list of industries that have not submitted details of their compliance
reporting protocols. According to information available in 2018, 24 out of the 28 States and four out
of eight Union Territories were reporting power plants that had not yet filed their reporting plans
(CPCB, 2021). The list has not been updated since 2018.
The online reporting system is designed to ensure that servers send alerts to sources in situations of
emission exceedance or incomplete CEM data submission (CSE, 2021). However, according to the
CPCB, the objective of the call to install CEM with real-time data transfer capabilities at power plants
was to initiate self-monitoring. Thus, even though monitoring data is received by the CPCB, the board
does not validate the data except on limited occasions. CPCB received CEM data from approximately
90,000 MW in 2016. The amount of data received increased to over 160,000 MW in 2021. However,
CSE analysis found that only 40–50% of the units regularly transmitted data from CEM to the
regulators. This could be due to malfunctioning of the CEM, the CEM and/or the power units being
out-of-service, or reporting non-compliance (CSE, 2021a; see also Section 5.3).
The CPCB does not have enough staff to check all the industries and all the alerts raised by the online
system, as noted by Aggarwal (2018). Inadequate staffing has often been mentioned with the number
of employees ranging from as few as 75 for Bihar SPCB, to 200 for Delhi SPCB, and up to 1000 for
Maharashtra SPCB (RAP, 2019). The Regulator Assistance Project (RAP) study notes that there is a
significant staffing problem in the north-eastern SPCBs. The qualifications of board members and staff
are inadequate as the appointment of board members has been influenced by state governments. In a
June 2017 order, the National Green Tribunal (NGT) terminated the tenures of the chairmen of 10
SPCBs because they lacked the technical skills necessary for the assignment (RAP, 2019).
Reportedly, ‘nonchalant audits’ occur with the audit report reflecting only that everything ‘is going
fine’. To eliminate this practice, CSE (2020a) suggest that a detailed system audit should be conducted
and carried out by a third party chosen by the regulatory agency and paid for by the project proponent.
No auditor/auditing firm should be allowed to carry out the environmental audit for the same source
in consecutive years, to improve transparency and accountability as well as eliminate bias. The ‘cooling’
period of two years should be enforced before a firm of auditors is eligible to audit the same source
again. Further, CSE suggest that a fee for a third-party audit should be imposed and paid to the
regulatory agency by the source being audited. This fee arrangement is seen as supporting the SPCBs
to run a robust audit programme.
The CSE (2020a) then propose that a final audit report should be submitted to the regulatory agency
for their review. Following the review, the regulatory agency should prepare a supplementary
compliance schedule which will specify in detail the issues that have to be addressed by the source.
The time allowed for addressing the issues listed in the supplementary compliance schedule should be
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no more than three months, except for situations where a major overhaul is required, such as the
installation of a new boiler or emission control equipment. Following the expiration of the
supplementary compliance schedule, regulators can conduct a detailed inspection of the source. In
cases where issues have not been resolved, the regulator would be entitled to take legal action against
the source.
Real-time CEM data are still used for ‘performance improvement and compliance improvement’ of
plants and not as a legal compliance check tool because of an absence of legally binding requirements
by relevant Acts and Rules. For real-time CEM data to be used as a legal compliance tool by regulating
agencies, amendments to the Air (Prevention and Control of Pollution) Act, 1981, the Water Pollution
(Prevention and Control of Pollution) Act, 1974 and the Environment (Protection) Act, 1986 must be
enacted (Kanchan, 2018). There is no known legal initiative in India to do so at the time of preparation
of this report.
Kanchan (2019) agrees that the current approach of self-reporting is largely inefficient for controlling
emissions from power plants. In instances when a pollutant emitted by a power plant is over the
emissions limit, the system only sends an SMS to the power plant. Based on the number of SMS
messages received, the plants should take appropriate action to control emissions. However, the
enforcement of compliance is absent. This current system of non-enforcement exists largely because
of claims that the quality of CEM data generated is poor and therefore plants cannot be held
responsible for defaulting based on the data generated by these CEM.
Currently, non-compliant sectors cannot be fined by the regulators. Instead, a long drawn-out process
of filing a case in a court of law may be followed by the regulators. The courts have the jurisdiction to
impose fines or penalties. However, since environmental cases are not often a priority for the courts,
there is a significant backlog of these cases causing delays before cases are heard. These delays
combined with a low rate of convictions generally make enforcement of compliance marginally
effective (CSE, 2020a).
The International Initiative for Impact Evaluation (I3E) conducted a pilot project on the usefulness of
CEM for controlling the extent of air pollution in India (I3E, 2020). The project was run in
coordination with MOEFCC and Gujarat PCB (GPCB). The authors concluded that it was unclear if the
use of CEM has had an impact on any given firm’s emissions. Firms were not changing their behaviour
possibly because of the absence of a structured methodology for regulators to use and act upon CEM
data, as the regulator could not enforce any penalties based on data provided.

6.7

COMMENTS

Perhaps the one area where India is applying an effective ‘command and control’ approach to
emissions is with its online reporting system. All plants must not only inform the central CPCB system
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of the CEM that has been installed but must connect the CEM system directly to the CPCB data servers.
The requirements for data delivery are stringent to avoid data tampering.
Despite the advanced data acquisition system, there are reports of tampering. It is still possible for
plants to adjust the output of CEM systems to provide false results, although remote calibration and
the installation of cameras makes this increasingly difficult. It is also possible that the CEM have not
been installed correctly or that they are poorly maintained so that, even though they are providing
data and are remotely calibrated, the data being delivered are not correct. The data supply and quality
remain the responsibility of the source, as does the response to issues such as exceedances of the
emission limits or failure of the CEM. These problems are recorded instantaneously at the CPCB, and
warnings are sent. However, it is up to the source to respond to these alerts and to deal with the
problems. Although the CPCB has the jurisdiction to act against sources, it seems that this does not
happen as often as it should, largely due to the significant amount of information that must be handled
by a limited number of CPCB staff. Further, sources are still prone to blaming errors on the CEM
systems themselves.
Ultimately, there remains a gap between the requirements set by the regulators and how effectively
they are enforced. The quality of CEM data on the emissions of pollutants should be improved through
enhanced QA/QC procedures and the results can then be enforced as a compliance tool for coal-fired
power plants. But, unless the means of enforcing compliance are strengthened, all that is achieved is
greater accuracy in determining how far out of compliance the sources are operating.
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The UK and the USA have established official training on emissions monitoring which certifies
individuals in the industry. These qualifications are currently only required within the host country
but are generally seen as essential for anyone performing stack testing in these countries. The
qualifications cover all areas of stack testing, including manual monitoring, wet chemical methods, and
data handling.

7.1

UK MCERTS SCHEME

The UK scheme was established by the UK Environment Agency and covers all areas of emission and
effluent monitoring. The relevant courses for those who handle CEM systems include certification in
CEM operation, certification in data management, and competence certification for personnel.
Certification can be obtained at the individual or organisation level and individuals can advance
through three levels of competency from trainee to team leader. Details of the syllabus can be found
on the UK Environment Agency website (UKEA, 2021).

7.2

US QSTI SCHEME

The US Source Evaluation Society (SES) has established the Qualified Source Testing Individual
(QSTI) and Qualified Source Testing Observer (QSTO) certification scheme to demonstrate that
qualified staff could demonstrate the knowledge and ability to apply source testing methods correctly.
The qualification is voluntary but is approved by the USEPA (SES, 2021).

7.3

STATUS OF CEM TRAINING IN INDIA

Although small in number, there have been a few training courses provided in India for those involved
in CEM management and emission control. These are discussed below.

7.3.1

Training and workshops organised by the CPCB

The Environmental Training Unit (ETU) of the CPCB has organised several online training
programmes in cooperation with various training institutes (CPCP, 2021b). For example, there was a
workshop held on 19-21 January 2021, entitled ‘Air Pollution Control Devices & OCEMS for Various
Sectors.’ The workshop was delivered by Ms Anita Aggarwal from Engineering Staff College of India
in Hyderabad. The CPCB also run training courses on advanced instrumental analytical techniques, as
shown in Appendix A. A complete list of CPCB training initiatives over the last four years is published
at their website at https://cpcb.nic.in/training-calender/.
Another example of a training initiative organised by CPCB was a 2-day workshop
‘Training-cum-Workshop Program on Online Continuous Emission/Effluent Monitoring Systems
(OCEMS)’ in May 2019 (CPCB, 2019a). The workshop was designed to address issues related to CEM
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which have been installed in highly polluting industries in India. The topics covered included selection
of instrumentation, the deployment procedure, data generation for transfer to CPCB/SPCB in
real-time, and generation of alerts regarding exceedances. Various stakeholders participated in the
workshop, including representatives of several industrial sectors, officials from SPCB/CPCB, and
officials involved in process inspections. Instrument vendors were invited to conduct demonstrations
of their instruments intended for deployment or already deployed in the field.

7.3.2 SPCB training and workshops
SPCB also organise training and workshops to encourage compliance with national and regional plans
and guidance as per their plan and depending on requirements. Some SPCBs have organised training
on CEM for stakeholders in their region, however, the information is largely not available publicly.
The website of the Madhya Pradesh Pollution Control Board (MPPCB) shares information on some of
the workshops it has organised. For example, capacity building initiatives published by the MPPCB on
its website (https://erc.mp.gov.in/) include:
•

a 3-day, state-level workshop on online real-time environmental monitoring technology
(July 2017);

•

an orientation workshop for MPCB officials on central server application for real-time
monitoring (November 2019); and

•

a CSS workshop/review meeting on post-implementation of real-time monitoring
programmes in Madhya Pradesh state (Dec 2019).

Similar training and workshops have also been carried out by other SPCBs including Andhra Pradesh
SPCB, Gujarat SPCB, Odisha SPCB. However, the information is not available publicly.

7.3.3 Training and workshops by other organisations
The International Forum for Environment, Sustainability and Technology (iFOREST), a non-profit
organisation, also organised a training programme on real-time pollution monitoring on ‘CEMS &
CAAQMS’ (July-August 2021) for the officials of Odisha PCB. The details of the online training
programme are available online (iFOREST, 2021).
The courses all appear to be largely based on the CPCB guidelines, CSE’s manual, published reports
and technology providers’ information which have been reviewed throughout this report. These
documents contain excellent information on the principles of CEM and their application, but they do
not focus on the technical requirements at a level which would ensure that utility staff could ensure
valid CEM operation. This requires face-to-face and, if possible, hands-on training with the equipment.
Therefore, it seems from the available evidence, that there is currently no consistent training being
provided in India to ensure that utility staff can install and operate CEM correctly. CEM vendors and
suppliers provide hands-on training to utility staff on site when a new CEM system is installed, and
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they will provide training on maintenance and QA/QC at that time. However, this training will be
specific to the CEM instrument being installed. Further, as staff change, the expertise on CEM
operation will be delivered second-hand, with a potential loss of skill.

7.4

COMMENTS

The CPCB has provided training on the application of CEM. This training is at a basic level with limited
instruction on vital QA/QC issues. The same is true of the CSE workshops which also give an excellent
overview of the issue but do not deliver significant technical detail. The level of training appears to be
high-level and does not address the more challenging skills associated with the maintenance and
quality control of highly sensitive monitoring equipment, especially considering that the data from
this equipment are vital to evaluating the pollution levels emitted from a source.
It is likely that plants which have installed CEM systems have received some hands-on training from
the equipment supplier at the time of delivery. In some cases, the CEM will be maintained by external
contractors who have received training either internationally or directly from the equipment vendor.
However, there does not appear to be any training which is consistently available in India for utilities
and their staff to gain hands-on skills in the maintenance and QA/QC of CEM systems. CEM training
is established in the UK and USA and this training could be adapted for delivery in India to establish a
relevant qualification for Indian stakeholders. This qualification would provide a means for Indian
utilities and regulators to confirm that emissions monitoring is being carried out correctly.
In addition to utility staff, regulatory body staff would benefit from receiving a qualification in CEM
operation. Regulators must be able to provide supervision and jurisdiction over reported emission
values, and to do so they must understand how the data were collected to determine where mistakes
have been made or where data have been tampered with.
The aim of this current project is to develop and deliver CEM training materials to Indian stakeholders
and to establish a basic qualification system. For it to succeed, Indian ministries and regulators must
endorse and support this training so that utilities and plant operators are obliged to implement it as
part of their standard operating practice. Qualified personnel will produce reliable and valid data which
is vital to ensure that emission data can be used to officially hold emission sources accountable for any
exceedances of emission limits in the future. Without this, enforcing compliance will continue to be a
challenge.
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India has a significant problem with air pollution – coal combustion in both industrial sources and
coal-fired power plants was responsible for almost 170,000 deaths in India in 2015. New emissions
standards have been introduced for PM, SO2, NOx and mercury which, if implemented fully and on
time, could lead to the avoidance of 300,000–320,000 premature deaths between 2019 and 2030, as
well as averting 50 million hospital admissions for respiratory conditions. This could all be achieved
through control technologies at coal plants, the cost of which would be offset by the benefits to the
Indian health sector. It is therefore clear that action taken now in India will be effective and
worthwhile.
Despite setting challenging emission limits, the Indian government has permitted delays, derogations
and modifications to the legislation which have resulted in confusion over what must be achieved and
when. Further, since the legislation is still not confirmed as final, many utilities currently see no
urgency for action until the final version is agreed, for which there appears to be no end date. In fact,
the proposed compliance date may be moved as much as nine years into the future (2034). This delay
is not necessary; technologies are readily available to meet the proposed emission limits and enforced
compliance now would achieve over 80% reduction of SO2, NOx and PM emissions by 2030.
The Indian government needs to take firm and appropriate action that would, within the next decade,
result in improved health benefits for its population in a demonstrably cost-effective manner. To make
this happen, stakeholders must determine which strategies are appropriate. Accurate and reliable data
on the concentrations of pollutants currently being emitted from power plants will help inform the
level of challenge and will ensure that priority actions can be determined. It is therefore imperative
that Indian stakeholders are empowered with the skills required to monitor and evaluate emissions
from the coal combustion sector, accurately and reliably, as soon as possible.
Although CEM systems are well-designed pieces of equipment, there are requirements of the human
operator which, if not met, will render any results from the CEM non-representative and/or inaccurate.
The current approach to emissions monitoring in India is somewhat lax with many worrying gaps. The
majority of the official materials provided on emissions monitoring are simply guidance notes. Despite
decades of initiatives, good intentions, and attempts to control emissions, nothing is yet legislated or
standardised. Although the Indian government is considering adopting the European approach to CEM
certification, this is not yet officially confirmed, and it could take several years to establish the
necessary support system to implement this approach in full. Until then, power plants may install any
CEM system as long as they can prove it is fit for purpose – a skill that many plant operators may not
have. Initial CEM installation is often carried out by the equipment vendor on behalf of the plant
operator. However, it is the responsibility of the plant operator to select the correct supplier and to
ensure that the installation is completed correctly. Further, although vendors may supply maintenance
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services, they are likely to be less frequent than required within the CEM guidance documents. In
Europe and the USA, CEM maintenance is achieved through weekly inspections, as a minimum. The
utility will be expected to carry out this quality control and quality assurance, often using staff who
have received minimal, if any, training in CEM application. CEM maintenance remains vital to ensure
that these systems perform correctly, and this relies heavily on the availability of suitably qualified
staff and the enforcement of appropriate maintenance practices.
As mentioned above, the current requirements for CEM in India are provided as guidance notes; they
are not regulated standards. Without any official or legal requirements and associated checks, there is
a substantial gap between what should be happening in India and what is actually taking place. There
is no inspection or follow-up to ensure that the official guidance is followed at the plant level. Instead,
it is assumed that any CEM system installed has been installed correctly and is operating as it should,
which is a significant assumption to make. There is no regulatory enforcement in place and penalties
for non-compliance are not severe enough to deter inaction by power plants.
From our study of the status of installed CEM in India in 2021, it is clear that around half of all Indian
coal-fired power plants have either not yet installed CEM systems or are not maintaining them in such
a way that guarantees they provide quality data. These plants are therefore unable to demonstrate
compliance and cannot provide data which would determine appropriate emission reduction strategies.
For the situation in India to improve, training and capacity building is imperative. Through this report
and our targeted information collection in India, we have identified the basic requirements for
delivering this training and propose the focus is as follows:
•

training materials for CEM use that address the specific challenges in India (for example,
high dust flue gases);

•

training delivered directly to stakeholders (utility staff, regulators, relevant ministries and
government bodies, academia, and non-governmental organisations);

•

face-to-face training in up to four regional locations;

•

hands-on training with real equipment, preferably on site;

•

‘intense’ (repeated and/or one-to-one) training to several qualified individuals in India so
that they can continue to deliver training into the future; and

•

legacy materials to be left for future training.

To this end, we propose a series of workshops to be delivered in four regions in India between January
2022 and the end of November 2023 (Covid-19 permitting). These workshops would be formatted as
follows:
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•

Day 1, 2 (and possibly 3) – classroom-based training from national and international experts,
including, where possible, hands-on training with equipment loaned by local vendors.
Break-out groups to discuss case studies and to run through problem-solving scenarios.

•

Day 4 – site visit to a local coal-fired utility to allow hands-on experience with CEM
equipment in a real environment. This would be followed by an assessment/exam. Those
who pass will receive an official certificate/qualification.

•

Day 5 – a high-level meeting where ministries, regulators and utilities can emphasise the
importance of quality data. Those who have completed their training will be able to
demonstrate their knowledge through open discussion sessions.

By creating a training programme that will be provided free to all stakeholders in India, and by
encouraging stakeholders to continue this training as standard into the future, all stakeholders will
benefit from a fair and equitable monitoring system.
It is important that Indian stakeholders buy into the programme and commit to continuing training
into the future. To achieve this, we hope to train not only utility staff, but also regulators, industry,
ministry staff and others who will help to create a legacy of skills within India. Stakeholders such as
CSE and CPCB are already delivering CEM training courses in India. Although, they are currently
sporadic and limited in detail, they do show a willingness for growth in this sector. By empowering
CPCBs and SPCBs with training materials and trained staff, future workshops will be more standardised
and more focused. The establishment of a qualification for completion of training will provide an
internationally recognised qualification for staff which can be shared and valued throughout the sector.
This project aims to bring as many Indian stakeholders into the CEM training scheme as possible. The
diagram below shows the target – an effective monitoring sector in India – and highlights the
advantages and benefits for the major stakeholders.
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The stakeholder benefits include:
•

reassurance to the Indian government that the training is durable, simple to enforce, and will
deliver clear benefits;

•

reassurance to the utility sector that the free training will introduce valuable and
communicable skills to the sector which will result in cost-effective improvements to
current operating practices;

•

reassurance to the public that the programme will facilitate the production of accurate and
useful information on air quality; and

•

reassurance to Indian industry that a new market for both national and international
equipment and support staff will be created.

These benefits will be emphasised to all stakeholders to encourage full involvement with the training
workshops.
Ultimately, once Indian stakeholders can work at a recognised standard to produce valid and reliable
emission data, emission reduction strategies will be clarified and their results accurately quantifiable.
This, in turn, will empower India to enforce existing emissions standards and emissions control
requirements and to achieve actual reductions in emissions in a timeframe that will result in a
concomitant reduction in significant health effects to the population in a cost-effective manner.

INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
71

REFERENCES

9

REFERENCES

Adams D, Lockwood T, Baruya P, Wiatros-Motyka M, Zhu Q (2021) A pathway for reducing
emissions for coal power in India. London, UK, International Centre for Sustainable Carbon (ICSC),
157 pp (Jan 2021)
Aggarwal M (2018) CPCB pushes for broader adoption of emissions monitoring systems. Mongabay,
1 pp (Sep 2018). Available from: https://india.mongabay.com/2018/09/cpcb-pushes-for-broaderadoption-of-emissions-monitoring-systems/
Aswal D (2020) Quality Infrastructure of India and Its Importance for Inclusive National Growth,
CSIR-National Physical Laboratory, Dr K S Krishnan Marg, New Delhi 110012, India (May 2020)
BEE (2021) Chapter1: Fuels and Combustion. 26 pp New Delhi, India, Bureau of Energy Efficiency
(Accessed 2021). Available from: https://beeindia.gov.in/sites/default/files/2Ch1.pdf
Bhimani C (2021) CEMS and CEQMS Audit Methodology. Presented during Online Training
Programme on ‘CEMS and CEQMS – Technology selection, its installation, Data Handling and its
Audit Methodology’ July 14-27, 2021
Carboncopy (2021) How a Dubious Study is Being Used to Undermine India’s Emission Norms,
contribution by Shreeshan V , January 15, 202. Available from: https://carboncopy.info/how-adubious-study-is-being-used-to-undermine-indias-emission-norms/ Accessed on August 24, 2021
CEA (2017) Standard Technical Specification for Retrofit of Wet Limestone Based Flue Gas
Desulphurisation (FGD) System in a Typical 2 X 500 MW Thermal Power Plant, Central Electricity
Authority, New Delhi, India, 448 pp (2017)
CEA (2019) Standard Technical Specification for Retrofit of Sea Water Based Flue Gas Desulfurization
(FGD) System in a Typical 2 X 500 MW Coal Based Coastal Thermal Power Plant, Central Electricity
Authority, New Delhi, India, 443 pp (2019)
CEA (2020) Advice on FGD Technology Selection for Different Units Size (from 07th February 2020
onwards), Central Electricity Authority, New Delhi, India, 5pp (2020)
CEA (2021a) A Review Report on New SO2 Norms Notified by MOEF&CC for Thermal Power Plant, June
23, 2021, Central Electricity Authority, New Delhi, India, 9pp (2021)
CEA (2021b) Installed capacity of power in India, by sector (accessed Nov 2021). Available from:
https://cea.nic.in/dashboard/?lang=en
CPCB (1984) Emission regulations: Part 1. COINDS/17/1983-84. 26 pp (1984). Available from:
http://cpcbenvis.nic.in/scanned%20reports/COINDS17%20EMISSION%20REGULATIONS%20PART_1.pdf
CPCB (2017) Guidelines for Continuous Emission Monitoring Systems. New Delhi, India, Central
Pollution Control Board. 100 pp (July 2017). Available from: https://cpcb.nic.in/upload/thrustarea/Guidelines_on_CEMS_02.08.2017.pdf
CPCB (2017a) CPCB Policy for Real Time Effluent and Emission Data Collection. New Delhi, India,
Central Pollution Control Board. 2 pp (Sep 2017). Available from: https://cpcb.nic.in/upload/thrustarea/DATA-POLICY.pdf
CPCB (2017b) Online CEMS Data Submission Procedure at CPCB. New Delhi, India, Central Pollution
Control Board. 5 pp (Sep 2017). Available from: https://cpcb.nic.in/upload/thrust-area/DATAPOLICY.pdf

INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
72

REFERENCES

CPCB (2018a) Guidelines for continuous emission monitoring systems: 1st revised guidelines. New Delhi,
India, Central Pollution Control Board. 95 pp (Aug 2018). Available from:
https://cpcb.nic.in/upload/thrust-area/revised-ocems-guidelines-29.08.2018.pdf
CPCB (2018b) Caution notice to industries – OCEMS tampering. New Delhi, India, Central Pollution
Control Board. 1 pp (May 2018). Available from: https://cpcb.nic.in/upload/thrustarea/notice_data_tampering_08.05.2018.pdf
CPCB (2018c) Compliance Reporting Protocols for Online Continuous Emission & Effluent Monitoring
Systems (OCEMS). New Delhi, India, Central Pollution Control Board. 57 pp (March 2018). Available
from: https://cpcb.nic.in/upload/thrust-area/Common_Protocol_final-13.03.2018.pdf
CPCB (2019a) Training-cum-Workshop Program on ‘Online Continuous Emission/Effluent Monitoring
Systems (OCEMS)’. New Delhi, India, Central Pollution Control Board. 1 pp (May 2019). Available
from: https://cpcb.nic.in/upload/thrust-area/ocems-workshop-notice.pdf
CPCB (2019b) List of industries for which CPCB has checked Remote Zero and Span Check facility
installed for Online Continuous Emission Monitoring Systems and deviation was found less than 10% w.r.t
reference Gas Concentration - as on 3rd April 2019. New Delhi, India, Central Pollution Control Board.
4 pp (Apr 2019b). Available from: https://cpcb.nic.in/upload/thrust-area/RC-status-2.pdf Accessed
August 2, 2021
CPCB (2019c) Annual report 2018-2019. Delhi, India, Central Pollution Control Board. 160 pp (Apr
2019c). Available from: https://cpcb.nic.in/annual-report.php
CPCB (2019d) Central Pollution Control Board Notice to Industries Submitting OCEMS Data To CPCB,
New Delhi, India, Central Pollution Control Board. (Aug 2019d). Available from:
https://cpcb.nic.in/upload/thrust-area/20190828212811.pdf Accessed August 2, 2021
CPCB (2021) Updated state-wise list of industries which have not submitted information through
Compliance Reporting Protocol to CPCB as on 13.12.2018. New Delhi, India, Central Pollution Control
Board. 1 pp (Accessed Feb 2021). Available from: https://cpcb.nic.in/updated-list-of-industrieswho-have-not-submitted-information-through-crp-1/
CSE (2017) CEMS – continuous emission monitoring system: a technical guidance manual. New Delhi,
India, CSE Centre for Science and the Environment, 143 pp (2017). Available from:
https://www.cseindia.org/cems-continuous-emission-monitoring-system-a-technical-guidancemanual-8113
CSE (2020a) Status of compliance monitoring and enforcement in India. New Delhi, India, CSE Centre
for Science and the Environment, 17 pp (March 2020). Available from:
https://www.cseindia.org/status-of-compliance-monitoring-enforcement-in-india-10036
CSE (2020b) Working paper on environmental monitoring using SAAM and CEMS. New Delhi, India,
CSE Centre for Science and the Environment, 35 pp (March 2020). Available from:
https://www.cseindia.org/working-paper-on-environmental-monitoring-using-saam-cems-10035
CSE (2020c) Report on need of laboratory accreditation system for CEMS in India. New Delhi, India,
CSE Centre for Science and the Environment, 19 pp (March 2020). Available from:
https://cdn.cseindia.org/userfiles/report-on-need-of-laboratory-accreditation-system-for-CEMS-inIndia.pdf
CSE (2020d) Coal Based Power Norms- Where Do We Stand Today. New Delhi, India, CSE Centre for
Science and the Environment, 120 pp (2020). Available from: https://www.cseindia.org/coal-basedpower-norms-coal-based-10125

INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
73

REFERENCES

CSE (2021) Regulatory regime for real time pollution monitoring in India. Presented during Online
Training Programme on ‘CEMS and CEQMS- Technology selection, its installation, Data Handling
and its Audit Methodology’ July 14-27, 2021
CSE (2021a) Overview of CEMS and CEQMS. Presented during Online Training Programme on ‘CEMS
and CEQMS- Technology selection, its installation, Data Handling and its Audit Methodology’ July
14-27, 2021
CSE (2021b) New Systems, Old Habits Using Data from Continuous Emission Monitoring Systems in
Coal-based Thermal Power Stations. New Delhi, India, CSE Centre for Science and the Environment,
34 pp (2021). Available from: https://www.cseindia.org/new-systems-old-habit-10833
EPRI (2014) A Summary of Current Operating Experiences and Performance Data for Continuous
Mercury Monitoring Systems, Electric Power Research Institute White Paper (December 2014)
Harish S, Ghosh S, Dubash N K (2019) Clearing our Air of Pollution: A Road Map for the Next Five
Years, in Policy Challenges 2019-2024, Centre for Policy Research, Dharma Marg, Chanakyapuri, New
Delhi 110021, 173pp (2019)
Health Effects Institute (2018) Burden of disease attributable to major air pollution sources in India. vp
(2018) Available from: https://www.healtheffects.org/system/files/GBD-MAPS-SpecRep21Indiarevised_0.pdf
IEA (2019) World Energy Outlook 2019. Paris, France, The International Energy Agency (2019)
iFOREST (2021) Available from: https://iforest.global/trainings/training-programme-on-real-timeair-pollution-monitoring-cems-caaqms/ (2021)
I3E (2020) Continuous Emissions Monitoring Systems (CEMS) in India, Impact Evaluation Report 111,
46 pp, International Initiative for Impact Evaluation, 202-203 Rectangle One D-4, Saket District
Centre New Delhi, India (March 2020)
Kanchan S (2018) CEMS and CEQMS Implementation in India: Inspection Manual, 68 pp (March
2018). Available from: https://csestore.cse.org.in/books/industry-and-environment/cems-andceqms-implementation-in-india-an-inspection-manual.html
Kanchan S (2019) Presentation- Sector Specific Approach and Post Installation Assessment of CEMS for
Proper Implementation, 43 pp (December 2019). Available from:
https://erc.mp.gov.in/Documents/cssmeet/Presentation_Sanjeev.pdf
Kanchan S (2019a) Real-time Monitoring-a Step Ahead (May 2019). Available from:
https://blogs.knowledgelens.com/index.php/2019/05/23/real-time-monitoring-a-step-ahead/
Kumar S (2021) Data Acquisition and Handling Systems, Presented during Online Training
Programme on ‘CEMS and CEQMS- Technology selection, its installation, Data Handling and its
Audit Methodology’ July 14-27, 2021 (2021)
LogicLadder (2015) Online Environment Monitoring Software (2015). Available from:
http://cdn.cseindia.org/userfiles/online-environment-monitoring.pdf
MOEFCC (2015) Ministry of the Environment, Forest, and Climate Change Notification. 11 pp. New
Delhi, India, MOEFCC (April 2015). Available from:
https://erc.mp.gov.in/adminfiles/RTM/Draft_Notification.pdf
MOEFCC (2021) Ministry of the Environment, Forest, and Climate Change Notification 192. 3 pp. New
Delhi, India, MOEFCC (dated March 31, 2021, and issued April 1, 2021). Available from:
https://moef.gov.in/wp-content/uploads/2021/04/GSR243.pdf

INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
74

REFERENCES

MOP (2021) Ministry of Power, Power Generation Capacity, Posted On: 05 AUG 2021 1:24PM by PIB,
New Delhi, India, MOP (August 2021). Available from:
https://pib.gov.in/PressReleseDetailm.aspx?PRID=1742675 Accessed August 17, 2021.
MOP (2021a) Office Memorandum No. 10/1/2019-St. Th (part-II) dated January 2, 2021, New Delhi,
India, MOP (January 2021). Available from: https://carboncopy.info/wp-content/uploads/MoPletter-02-January-2021-to-MoEFCC.pdf Accessed August 24, 2021.
NABL (2021) National Accreditation Board for Testing and Calibration Laboratories, Gurugram, 12203
Haryana, India. Available from: https://nabl-india.org/about-nabl/introduction/ Accessed
September 3, 2021.
RAP (2019) Controlling emissions in India’s electricity sector: An analysis of options. 52 pp. The
Regulatory Assistance Project, Montpelier, Vermont, USA. Prepared by Athawale R and Bharvirkar R
July 2019 (2019). Available from: https://www.raponline.org/wpcontent/uploads/2020/06/athawale-bharvirkar-controlling-emissions-india-power-sector-2019july.pdf
SES, Source Evaluation Society (2021) What is the QSTI/QSTO program? (Oct 2021). Available
from: https://www.sesnews.org/node/43
Srinivasan S, Roshana N, Guttikunda S, Kannudia A, Saif S, Asundi J (2018) Benefit Cost Analysis of
Emission Standards for Coal-based Thermal Power Plants in India. Available from:
https://shaktifoundation.in/wp-content/uploads/2018/07/Benefit-cost-analysis-of-emissionstandards-for-coal-based-thermal-power-plants-in-India-1.pdf
UKEA (2017) Technical Guidance Note (Monitoring) M1: Sampling requirements for stack emission
monitoring, London, UK, UK Environment Agency, 32 pp (2017). Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/fil
e/635269/LIT_4736.pdf
UKEA (2019) Guidance – Monitoring stack emissions: techniques and standards for CEMS and
automated batch samplers. London, UK, UK Environment Agency, vp (Dec 2019). Available from:
https://www.gov.uk/government/publications/monitoring-stack-emissions-techniques-andstandards-for-cems-and-automated-batch-samplers/monitoring-stack-emissions-techniques-andstandards-for-cems-and-automated-batch-samplers#particulate-matter
UKEA (2021) MCERTS examination syllabuses for manual stack emissions monitoring (Oct 2021).
Available from: https://www.gov.uk/government/publications/mcerts-examination-syllabuses-formanual-stack-emissions-monitoring
UNEP (2021) Publications of the Coal Partnership Area. Vp (Oct 2021). Available from:
https://www.unep.org/globalmercurypartnership/resources?keys=&type=All&area=357
USEPA (2000) Current Knowledge of Particulate Matter (PM) Continuous Emission Monitoring,
EPA-454/R-00-039, Research Triangle Park, NC 27711, vp (Sept 2000)
Vasudha Foundation (2020) 2020 India’s Power Outlook, Volume 2. Vasudha Foundation, CISRS
House, New Delhi, India, 32pp (June 2020)

INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON
STATUS OF CEM AT COAL-FIRED POWER PLANTS IN INDIA
75

