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1 EXECUTIVE SUMMARY  
 

In India, there is an urgent need to address rapidly worsening effects of air pollutionñon the 

climate as well as on human health. The situation is serious as out of the 20 most polluted 

cities in the world, 12 are in India. In response to reduce the worsening effects of air quality, 

the International Institute for Energy Conservation (IIEC) with funding support from Climate 

and Clean Air Coalition (CCAC) is working in India to build air quality monitoring and tracking 

capacity among government, industry, and utility partners, and to demonstrate and deliver 

cost-effective air pollution reduction strategies in two industrial Indian statesñGujarat and 

Odishañthrough smart management of industrial energy use. These states were selected 

based on a need assessment as well as the demonstrated interest and commitment of their 

Pollution Control Boards. The project responded to a large body of evidence that points to 

industrial and power plant emissions as two of the major sources of air pollution in industrial 

areas. It also builds on an increasing number of studies demonstrating the effectiveness of 

smart energy management as a strategy for reducing air pollution in industrialized urban areas.    

 

The project selected Jharsuguda and Ankleshwar Industrial Areas in Odisha and Gujarat States 

to develop the framework to transform the efforts to mitigate air pollution from industrial 
areas. The project addressed two key barriers to the adoption of energy management as a 

solution to the deteriorating air quality in industrial areas: 1) Lack of a demonstrated link 

between smart energy management and air quality improvement; and 2) the difficulty of 

financing smart energy solutions, that could help address air pollution in industrialized urban 

areas. The project established a clear connection between industrial energy use and air quality 

and showing how highly polluted areas can address air pollution through adoption of energy 

efficiency measures and through deploying clean energy solutions. This report presents the 

outcomes of the study conducted in Jharsuguda Industrial Area of Odisha.   

 

Adopted Methodology for the Study  

 

The project focused on improving understanding among government, industrial, and utility 

partners of the linkages between air quality 

and utility/industrial energy management, 

demonstrating the potential for reducing air 

pollution levels to achieve multiple health-

related and economic benefits through 

smart management of industrial energy use 

and developing a methodology for clean 

energy solutions. To demonstrate the Air 

Quality and Smart Energy Management 

(AQ-SEMP) Framework, the following 

methodology has been adopted in 

Jharsuguda Industrial Area.  

 

Á Step 1: Defining the Study Area:  

The study area in Jharsuguda covers an 

area of 1961 Sq.Km (25 Kms radius of 

study area) (Figure 1) . The area falls 

under òNorth Western Plateauó agro-climatic zone having hot and moist sub-humid 
environmental conditions (Figure 2) . The area experiences extremely high temperatures 

Figure 1: Study Area in Jharsuguda, Odisha 



Climate and Clean Air Coalition (CCAC)    
  

 

  Reducing Air Pollution in Indiaôs Industrial Cluster through Smart Energy Management   October 2020 | vii 

and moderate humidity conditions during summer conditions and low temperature and 

normal humidity conditions during winter season. Moderate to high wind speeds in the 

region enable effective 

dispersion of pollutants during 

summer season and due to 

lower mixing heights, the 

ventilation coefficient during 

winter season is generally 

lower than that of other 

seasons.  

Á Step 2: Review of 

Published Baseline Air 

Quality in the Study Area 

ð As a part of the study, 

published secondary air quality 

data has been collected from 

online ambient air quality 

stations installed by Odisha 

State Pollution Control Board 

(OSPCB) at the Brajrajnagar location, and from published EIA reports at following locations 

such as Lapanga, Bomaloi, Gumkarama, Sripura, Brundamal, Tarikela and Thelkoloi villages. 

Continuous air quality monitoring data of PM10, PM2.5, SO2 and NO2 levels are considered 

for the study.  

Á Step 3: Developing Emission Inventories : An attempt was made to develop baseline 

emission inventory for all the large to medium scale industrial facilities in the study area 

based on the data presented in the consent to operate issued for the respective industries, 

continuous emission monitoring data available with OSPCB, published emission factors data 

for respective industrial clusters wherever primary data is not available. Various industries 

such as integrated steel plants, aluminum smelter, steel re-rolling mills, sponge iron units, 

thermal power plants and captive power plants are covered under this emission inventory 
study. Since the energy conservation measures (ENCON) are proposed for industries, the 

emissions from vehicular traffic, fugitive emission from material handling facilities and 

natural dust emissions during the summer windy conditions are considered under this 

study. While the industries are required to meet emission standards for particulate matter, 

emission levels from the industrial source is less significant compared with SO2 and NOx. 

Although thermal power plants are required to meet the new thermal power plant 

emission norms notified by MoEF&CC under EP Act 1986  in 2015, all the CPPs and power 

plants in the study area are in the process of implementing the SO2 and NOX control 

technologies as per the directions of CPCB and OSPCB. It is assumed that respective 

industries are meeting the industry specific emission norms issued by CPCB/OSPB as per 

the consent conditions. Details of the emission inventory in the study area is discussed in 

the subsequent sections of this report.  

Á Step 4: Predicting Ground Level Concentrations (GLCs) for the Baseline 

Emission Scenario Ca se: To establish the possible Ground level Concentration (GLCs) 

due to release of emissions from current industries, the baseline emission inventory data 

is adopted. The modelled GLCs are plotted as isopleths to establish the spread and 

distribution of possible GLC in the study area. The 2nd height GLCõs represent the worst-

case emission release scenario in the study. Since all the stacks in the study area buoyant 

dominant plumes, unstable conditions (Stability Class A and B as per Pasqual classification) 

Figure 2: Agro-Climatic Zones in India 
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represent the worst-case meteorological scenario. Since highest mixing heights with 

maximum number of unstable meteorological conditions will be experienced in hot and 

dry climatic conditions, summer season has been considered as a worst-case scenario for 

air quality modelling.  

Á Step 5: Evaluating the Reduction of Emissions due to Proposed Energy 

Conservation (ENCON) Measures : Based on the discussion with technical experts 

revised  inventory levels in the study area has been estimated to depict the reduced 

emission levels due to proposed ENCON measures and cleaner production opportunities. 

These inputs formed the basis for predicting the post project GLCs.  

Á Step 6: Predicting Post ENCON GLCs in the Study Area and Evaluating the 

Benefits: The revised estimated emission inventories are adopted to model the GLC to 

depict the possible reduction in the pollutant GLCs in the study area. Based on the results, 

an attempt was made to assess the possible benefits due to reduced ambient air pollutant 

concentration in the study area. 

 

The flow diagram of the model depicting the methodology is presented in Figure-3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Summary of Results  

 

Based on the envisaged reduced emission loads, the air quality modelling exercise was 

undertaken to compare the GLCõs of PM10, NOx and SO2 due to reduced emission levels as 

against the uncontrolled emission scenario in Jharsuguda Industrial Area. The summary of 

model results before and after implementation of ENCON measures and clean technology 

options are presented in Table 1 . The model output files are presented in Annexure IV . 

 

Flow Chart for the Methodology Adopted 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Obtaining information on Emission 

Inventories for PM, SO2, NOX 

emissions for individual clusters. 

Obtaining the Meteorological data 

and upper air data from IMD or any 

other authentic sources. 

Modelling using AERMOD Software  

 

Estimation of 24 hours and annual average GLCôs  

Generation of pollution contours for the criteria pollutants 

Comparison of modelled data with published 

baseline air quality data in the region 

Considering all Encon and Smart Energy 

Management measures adopted in the 

industries, the revised air quality modeling 

will be undertaken  

Predicted GLCôs will be modelled using 

AERMOD 

Collecting and analyzing data from local hospitals and 

Medical officers of the Industries in the industrial cluster, 

for respiratory / pollutant concentration related diseases 

Correlate this health Impact with Air quality 

and concentration of pollutants 

Use the revised Air quality modelling to 

estimate the possible reductions in 

respiratory diseases in future 

Figure 3: AQ-SEMP Framework Model and Methodology 
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Table 1: Predicted GLC for Baseline Emission Scenario Vs. Post ENCON Scenario  

Pollutant 

Uncontrolled Emission Scenario 
Envisaged Reduced Emission Scenario 

(Post ENCON Measures & Clean 
Technology Options) 

Maximum 
Reported 

Baseline Air 
Quality Data 

Pollutant 
load 
(T/hr) 

2nd Height Predicted 
24Hrs Avg GLC 

(µg/m3) 

Revised 
pollutant 
load (T/hr) 

2nd Height Predicted 
24Hrs Avg GLC 

(µg/m3) 

SO2 50.3 254 4.4 20.2 24 

NOx 24.5 123 4.3 26.9 31 

PM10 6.1 22.9 2.7 14.1 81.4 

 

Predicted GLC of SO 2: Predicted 2nd height GLC is reported to be in the order of 20.2 

µg/m3 as against the uncontrolled emission scenario of 254 µg/m3. A significant reduction in 

GLCs can be achieved due to implementing various ENCON measures and clean technology 

options in thermal power plants, integrated iron and steel plants, aluminium smelters, and 

steel rolling industries. The predicted SO2 concentrations were compared with that of the 

authentic published data and presented in Table 2.  

 

Predicted GLC of NOx: Predicted 2nd height GLC is reported to be in the order of 26.9 

g˃/m3 as against the uncontrolled emission scenario of 123 µg/m3. A significant reduction in 

GLCs can be achieved due to implementing various ENCON measures and clean technology 

options. The predicted NOx concentrations were compared with that of the authentic 

published data and presented in Table 3.      

 

Predicted GLCs of PM : Predicted 2nd height GLC is reported to be in the order of 14.1 

g˃/m3 as against the uncontrolled emission scenario of 22.9 µg/m3. The predicted GLCõs is 

compared with reported baseline concentration which is presented in below Table 4.   

 
Table 2: Predicted  GLCs of SO 2 ð Post ENCON Measures and Clean Technology Options  

 
Location 

 
Coordinates 

Predicted concentration 
of SO2 (µg/m3) 

Published Baseline 
Concentration of 

SO2 (µg/m3) 
Uncontrolled 

Scenario 
Reduction 
Emission 
Scenario 

Brajrajnagar 182079.74 m E 
2416375.25 m N 

62.3 2.3 7.2 

Lapanga Village 191233.77 m E 
2405217.10 m N 

52.6 2.0 8.2 

Bomaloi Village 192953.47 m E 
2402128.17 m N 

43.4 1.6 8.0 

Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

67.1 2.9 8.5 

Sripura Village 193955.96 m E 
2410889.85 m N 

74.4 3.9 8.0 

Brundamal village 192154.54 m E 
2414605.36 m N 

248.7 6.2 8.0 

Tarikela village 189041.00 m E 
2410328.63 m N 

72.8 3.1 7.5 

Thelkoloi village 190844.32 m E 
409845.99 m N 

78.6 3.6 8.2 
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Table 3: Predicted  GLCs of NO xð Post ENCON Measures and Clean Technology Options  
 

Location 
 

Coordinates 
Predicted concentration 

of NOx (µg/m3) 
Published baseline 
concentration of 

NOx (µg/m3) 
Uncontrolled 

Scenario 
Reduction 
emission 
scenario 

Brajrajnagar 182079.74 m E 
2416375.25 m N 

35.7 2.3 24.1 

Lapanga Village 191233.77 m E 
2405217.10 m N 

24.8 2.0 29.8 

Bomaloi Village 192953.47 m E 
2402128.17 m N 

23.1 1.8 29.1 

Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

34.9 2.7 25.2 

Sripura Village 193955.96 m E 
2410889.85 m N 

38.4 3.4 28.8 

Brundamal village 192154.54 m E 
2414605.36 m N 

122.5 4.4 26.3 

Tarikela village 189041.00 m E 
2410328.63 m N 

41.7 3.1 24.9 

Thelkoloi village 190844.32 m E 
2409845.99 m N 

44.5 3.3 29.8 

 
Table 4: Predicted  GLCs of PM. ð Post ENCON Measures and Clean Technology Option  

 
Location 

 
Coordinates 

Predicted Concentration 
of PM (µg/m3) 

Published Baseline 
Concentration of 

PM (µg/m3) 
Uncontrolled 

Scenario 
Reduction 
Emission 
Scenario 

Brajrajnagar 182079.74 m E 
2416375.25 m N 

3.1 1.4 141 

Lapanga Village 191233.77 m E 
2405217.10 m N 

2.4 1.5 86.6 

Bomaloi Village 192953.47 m E 
2402128.17 m N 

2.0 0.8 81.7 

Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

3.6 1.8 80.4 

Sripura Village 193955.96 m E 
2410889.85 m N 

4.5 2.0 84 

Brundamal village 192154.54 m E 
2414605.36 m N 

6.5 3.5 83.4 

Tarikela village 189041.00 m E 
2410328.63 m N 

4.7 2.2 75.4 

Thelkoloi village 190844.32 m E 
2409845.99 m N 

4.6 2.7 78.8 

 

The detailed analysis and the design of the framework are presented in the sections below. 
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2 I NTRODUCTION  
 

Rapid economic growth has brought many benefits to India, but at a cost to human health and 

the environment. Growth in industrial production, construction of buildings, roads and 

highways and urban transport has led to poor air quality in many Indian cities and industrial 

clusters. There is an urgent need to address the rapidly worsening effects of air pollutionñ

on both human health and the global climateñby implementing measures to improve air 

quality and reduce greenhouse gas (GHG) emissions in Indiaõs industrial clusters.  

 

Smart energy management, which has proven to be an effective strategy for reducing air 

pollution in both developed and transitioning economies, holds significant potential to reduce 
emissions from industries and power plantsñtwo of the major sources of air pollution in 

many of Indiaõs urban areas. The project provides a critical proof of concept: That developing 

country cities can achieve significant, measurable reductions in air pollution and greenhouse 

gas emissions through investing in smart energy management. Achieving this goal, however, 

requires addressing two key challenges: 1) Lack of a demonstrated link between smart energy 

management and air quality improvements in India; and 2) the need to scale up development, 

financing, and implementation of smart energy solutions, including renewable energy (RE) and 

energy efficiency (EE), that can help address air pollution in industrialized urban areas by 

offsetting fossil fuel use for diesel and coal-fired electricity generation. 

 

Project  Objective s 

 

The project tends to transform efforts to mitigate air pollution from Indiaõs industrial and 

power sectors by: 1) improving understanding among government, industry, and utility 

partners of the linkages between air quality and utility/industrial energy management; 2) 

demonstrating the potential for reducing air pollution levels to achieve multiple health-related 

and economic benefits through smart management; and 3) developing and testing an approach 

for providing clean energy solutions. The project activities have been implemented in 

industrialized areas of Gujarat and Odisha States, where air pollution is a critical concern. The 

project has support from both State Governments, indicating their strong interest in the 

project. 

  

In view of the implementation of various energy conservation (ENCON) strategies and 

cleaner production initiatives, IIEC intended to develop a technical report to demonstrate the 

advantages of implementing ENCON measures and cleaner production initiatives to reduce 

the targeted emissions from the respective industrial clusters. For the study, two such 

industrial clusters located at Jharsuguda in Odisha and Ankleshwar in Gujarat were selected. 

These are among 44 critically polluted industrial clusters as identified by the Central Pollution 

Control Board (CPCB) based on Comprehensive Environment Pollution (CEPI) Index. The 

implementation of ENCON measures and clean technology options in industrial clusters will 
exhibit multiple advantages and benefits such as reduced fossil fuel consumption and thereby 

conservation of natural resources for future generations. Reduction in greenhouse gas and 

criteria pollutant emissions such as PM, SO2 and NOx will help to improve the regional air 

quality and reduced the health effect due to air pollution in the region.   

 

The project tends to predict possible reduction in ground level concentration of above-

mentioned criteria pollutants due to adoption of ENCON measures and cleaner production 
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initiatives in various sectors in the Jharsuguda Region. This report presents the air quality 

modelling results for current baseline emissions scenario and post project implementation 

scenario.  
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3 PROJECT APPROACH AND SUMMARY OF ACTIVITIES  
 

The project started in February 2019 with gathering the understanding from the concerned 

stakeholders on the subject matter identifying linkages between the industrial air pollution 

and its mitigation through introduction of smart energy management techniques, was 

completed. Several meetings with the Odisha and Gujarat State Pollution Control Board were 

organized. The meetings focused on presenting the project objectives and seeking acceptance 

from the State Pollution Control Board in helping the project team in implementation of 

project activities. Jharsuguda Industrial Area in Odisha and Ankaleshwar Industrial Area in 

Gujarat were mutually selected to conduct project activities.  

 

Consecutive to the same a desk-based literature review was carried out understanding the 

critical important industries present in the identified industrial areas and developing 

questionnaire to collect air pollution relevant data from the industries. Majorly it was 

identified that Thermal power Plants, Iron and Steel Industry, Aluminum industry and Mining 

Industries are present in the Jharsuguda Industrial areas and Chemical Industries mainly 

Pharmaceutical, Pesticide and Dye Intermediate Industries in Ankaieshwar industrial areas. 

The questionnaires were peer reviewed by the state pollution control board.  

 

Followed by this outreach activities were conducted to mobilize the support of industries, 

utilities, experts, industry associations, donor agencies, financing institutions and the staff at 

Pollution Control Boards in both Odisha and Gujarat States.   

 

Launch workshops were also organized in both the states wherein stakeholders such as 

industry representatives, health department representatives and government stakeholders 

were present. The main objective of the launch workshops was to generate awareness 

amongst the local stakeholder on the project activities, request the information required from 

them and discuss the issues in implementation.   

 

After the launch workshops, surveys of select industries were conducted to understand the 

critical areas responsible for emissions and developed the methodology to performs emission 
load analysis for the two selected industrial areas. The emission data was analysed and the 

current emission load and pollution levels for Jharsuguda were calculated. The sections below 

discuss about the project findings and emission data analysis. Also, the report compares the 

business as usual and post implementation scenarios for Air Quality Management with the 

help of Smart Energy Management.   
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Activity Summary  
 

Activity 
Description of Work 

Undertaken During Reporting 
Period 

Deliverables Delivery Date 

Status of 
Activity 

(Completed/ 
On-Going/ 
Delayed) 

Comments - Brief Description of 
Implementing Challenges, Strategy / 
Actions which have been Adopted to 
Address the Challenges and Planned 
Actions to Mitigate any Identified Risks. 

Activity 1: 
Improving the 
Understanding 
of Stakeholders 

Coordinated and convened 
launch events and workshops 
with key partners present in 
Odisha and Gujarat including 
state pollution control board, 
health departments, department 
of industries etc. Develop a 
detailed work plan and 
collection pollution data, energy 
data and health data 

1. Detailed work-plan including 
timeline for carrying 
workshop activities 

2. Power point presentation 
delivered at workshop 

3. Workshop report including 
agenda attendees list 

15th July 2019 Completed 
 

The main challenge experienced while 
implementing the project activity 1 was to 
collaborate with the industrial organizations 
and convince them to provide required air 
pollution data. To overcome the barrier, the 
project team organized meetings with the 
State Pollution Control Boards (SPCBs) and 
requested their intervention on the same. 
Understanding the need for the study, the 
SPCBs collaborated with the project team. 
The project is now being implemented in the 
selected industrial areas with the help and 
support provided by SPCBs. The data from 
the industry organizations is being collected 
and routed through SPCBs.  

Activity 2: 
Collection and 
Analysis of Data 

Collection of available data from 
SPCBs, industry associations 
and utilities 

 
1. Current scenario of extent/ 

source of air pollution and 
energy consumption in 
Odisha and Gujarat  

 

July 2019 
 

Completed 
 

The main challenges faced by the project 
team, were the collection of data. To 
mitigate this the project team adopted the 
approach of taking the help of the authority 
of the Regional Offices at the state pollution 
control boards to collect data from the 
utilities and industrial associations.  

Activity 2:  
Development of 
Detailed 
Methodologies 

Develop detailed methodology 
for air quality assessment and 
impact attribution, in 
consultation with state PCBs 
and other stakeholders  

1. Air quality and Health 
Impact Assessment  

Aug 2020 Completed 
 
 
 
 

The project Team is deploying highly 
accurate modelling software to generate the 
air quality models and patterns which would 
further be utilized to plot against the health 
indices and respiratory disease indices from 
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Activity 
Description of Work 

Undertaken During Reporting 
Period 

Deliverables Delivery Date 

Status of 
Activity 

(Completed/ 
On-Going/ 
Delayed) 

Comments - Brief Description of 
Implementing Challenges, Strategy / 
Actions which have been Adopted to 
Address the Challenges and Planned 
Actions to Mitigate any Identified Risks. 

 these two states to establish a correlation 
between the air quality and health. Major 
challenge is the inconsistent data. 

Activity 3:  
Final Reporting  

Submission of final reports to 
CCAC and stakeholders.  
Showcase Smart Energy 
Management pollution reduction 
potential and its corelated 
health impact benefits.  

1. Completed CCAC 
Demonstrating Impacts 
reporting database 
questionnaire and 
submission of Annual 
Report 

2. Final Report to 
Stakeholders 

Aug 2020 Jharsuguda ï 
Completed 

 
Ankleshwar ï 

Ongoing 

The project team is currently running 
Software modelling to estimate reduction 
potential of the EE measures to showcase 
BAU vs After EE adoption scenarios and 
corelated health benefits. 
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4 METHODOLOGY OF THE STUDY  
 

In order to meet the specific objectives in the study, the following methodology has been 

adopted.  

 

Á Step 1: Defining the Study Area: The study area is confined to the Jharsuguda 

industrial area covering an area of 1961 Sq.Km (25 Kms radius of study area) (Figure 5). 

The area falls under agro-climatic zone of òNorth Western Plateauó with hot and moist 

sub-humid environmental conditions (Figure 4). The area experiences very high 

temperatures and moderate humidity conditions during summer conditions and low 

temperature and normal humidity conditions during winter season. Moderate to high wind 

speeds in the region enable effective dispersion of pollutants during summer season and 

due to lower mixing heights, the ventilation coefficient during winter season is generally 

lower than that of other seasons. Detailed meteorological scenario in the study area is 

presented in the subsequent sub-sections of the study area.  

 
Figure 4: Agro -Climatic Zones of India  
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Figure 5: Study Area ( Jharsuguda Industrial Area)  

 

 
 

Á Step 2: Review of Published Baseline A ir Quality in the Study Area  ð As a part 

of the study, published secondary air quality data has been collected from online ambient 

air quality stations installed by Odisha State Pollution Control Board (OSPCB) at the 

Brajrajnagar location, and from published EIA reports at following locations such as 

Lapanga, Bomaloi, Gumkarama, Sripura, Brundamal, Tarikela and Thelkoloi villages. 

Continuous air quality monitoring data of PM10, PM2.5, SO2 and NO2 levels are considered 

for the study.  

 

Á Step 3: Developing Emission Inventories : An attempt was made to develop baseline 

emission inventory data for all the large to medium scale industrial facilities in the study 

area based on the data presented in the consent to operate issued for the respective 

industries, continuous emission monitoring data available with OSPCB, published emission 

factors data for respective industrial clusters wherever primary data is not available. 

Various industries such as integrated steel plants, aluminum smelter, steel rerolling mills, 

sponge iron units, thermal power plants and captive power plants are covered under this 
emission inventory study. Since the proposed ENCON measures aim at industrial 

operations, emissions from vehicular traffic, fugitive emission from material handling 

facilities and natural dust emissions during the summer windy conditions are considered 

under this study. While the industries are required to meet emission standards for 

particulate matter, PM emission levels from the industrial source is less significant 

compared with SO2 and NOx. Although thermal power plants are required to meet the 

new thermal power plant emission norms notified by MoEF&CC under EP Act 1986  in 

2015, all the CPPs and power plants in the study area are in the process of implementing 

the SO2 and NOX control technologies as per the directions of CPCB and OSPCB. It is 
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assumed that respective industries are meeting the industry specific emission norms issued 

by CPCB/OSPB as per the consent conditions. Details of the emission inventory in the 

study area is discussed in the subsequent sections of this report.  

 

Á Step 4: Predicting Ground Level Concentrations (GLCs) for the Baseline 

Emission Scenario Case: In order to establish the possible Ground level Concentration 

(GLCs) due to release of emissions from local industries, the baseline emission inventory 

data is adopted. The modelled GLCs are plotted as isopleths to establish the spread and 

distribution of possible GLC in the study area. The 2nd height GLCõs represent the worst-

case emission release scenario. Since all the stacks in the study area buoyant dominant 

plumes, unstable conditions (Stability Class A and B as per Pasqual classification) represent 

the worst-case meteorological scenario. Since highest mixing heights with maximum 

number of unstable meteorological conditions will be experienced in hot and dry climatic 

conditions, summer season has been considered as a worst-case scenario for air quality 

modelling. Due to lower mixing heights during the winter season coupled with taller plume 

rise of the buoyant dominant plumes, the possibility of 24-hours average GLC during the 

winter season in the study area will be relatively lower than that of summer conditions.  

Details of modelled data are discussed in the subsequent sections.  

 

Á Step 5: Evaluating the Reduction of Emissions due to Proposed Energy 

Conservation ( ENCON ) Measures: Based on the discussion with technical experts 

revised inventory levels in the study area has been estimated to depict the reduced 

emission levels due to proposed ENCON measures and cleaner production opportunities. 

These inputs formed the basis for predicting the post project GLCs.  

 

Á Step 6: Predicting Post ENCON GLCs in the Study Area and Evaluating the 

Benefits: The revised estimated emission inventories are adopted to model the GLC to 

depict the possible reduction in the pollutant GLCs in the study area. Based on the results, 

an attempt was made to assess the possible benefits due to reduced ambient air pollutant 

concentration in the study area. 
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5 PUBLISHED A IR QUALITY DATA FOR THE STUDY  
 

Based on the long-term published air quality data and latest EIA study reports made available 

on the MoEF&CC website for the region (Table 5 and Table 6). It can be noted that the 

annual average particulate matter concentration (PM10 and PM2.5) in the study area has 

exceeded the NAAQs. This could be attributed to fugitive dust emissions from mining 

operations, transportation of minerals, road dust emissions and natural wind-borne dust 

during high wind condition in dry weather days. The 24-hours and annual average 

concentrations of SO2 and NO2 are reported to be well within the stipulated NAAQs. 

Relatively NO2 levels are higher than that of SO2 levels due to longer resident time in the 

atmosphere and also other emission sources such as vehicular emissions and fertilizer 

decomposition in the agriculture areas. Lower SO2 levels in the area also depict lesser impact 

from thermal power plants due to taller plume rise and effective dispersion of pollutants in 

the region. Based on the information presented in some of the EIA reports published on 

MOEF&CC website1, it is noted that the ozone levels in the area are in the range of 10 to 30 

µg/m3, which are far below the stipulated NAAQ. This aspect also confirms that impact of 

VOC emissions on the formation of secondary ozone in the presence of NOx compounds is 

insignificant.  

 
Table 5: Online Continuous AAQ Data for the Year 2018 (CPCB) 2 
 

Pollutant Range 

R.O. Building Cox Colony 
TRL Colony, M/s. TRL Krosaki 
Refractories Ltd. PO: Bhepahar 

Minim 
(24-Hours Avg 

- µg/m3) 

Maximum (24-

Hours Avg - 
µg/m3) 

Annual 
(µg/m3) 

Minim 
(24-Hours 

Avg - 
µg/m3) 

Maximum 
(24-

Hours 
Avg - 
µg/m3) 

Annual 
(µg/m3) 

PM10 71 153 106 80 139 109 

PM2.5 32 103 56 35 86 58 

SO2 5 24 10 4 11 7 

NO2 11 31 18 10 20 13 
 

Table 6: Ambient  Air Quality Data at the Settlements (24-Hours Avg - µg/m 3) 3 

 

Location Coordinates 
PM10 

(µg/m3) 

PM2.5 

(µg/m3) 

SO2 

(µg/m3) 

NOx 
(µg/m3) 

Ozone 
(µg/m3) 

Brajrajnagar 
182079.74 m E 

2416375.25 m N 
141 70.3 7.2 24.1 14.3 

Lapanga Village 
191233.77 m E 

2405217.10 m N 
86.6 45.1 8.2 29.8 23.6 

Bomaloi Village 
192953.47 m E 

2402128.17 m N 
81.7 43.5 8.0 29.1 <10 

 
1 Environmental Impact Assessment Report ofó Expansion of Integrated Iron & Steel Plant from 3.0 to 5.5 MTPA 

Capacityó, BHUSHAN POWER & STEEL LIMITED, Sambalpur district, Odisha 
2http://www.cpcbenvis.nic.in/airpollution/2018/National%20Ambient%20Air%20Quality%20Monitoring%20Progr

amme%20(NAMP)%20Data%20Year%202018%20CPCB%20ENVIS.pdf  
3 Environmental Impact Assessment Report ofó Expansion of Integrated Iron & Steel Plant from 3.0 to 5.5 MTPA 

Capacityó, BHUSHAN POWER & STEEL LIMITED, Sambalpur district, Odisha  

http://www.cpcbenvis.nic.in/airpollution/2018/National%20Ambient%20Air%20Quality%20Monitoring%20Programme%20(NAMP)%20Data%20Year%202018%20CPCB%20ENVIS.pdf
http://www.cpcbenvis.nic.in/airpollution/2018/National%20Ambient%20Air%20Quality%20Monitoring%20Programme%20(NAMP)%20Data%20Year%202018%20CPCB%20ENVIS.pdf
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Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

80.4 42.1 8.5 25.2 <10 

Sripura Village 
193955.96 m E 

2410889.85 m N 
84 43.5 8.0 28.8 <10 

Brundamal 
village 

192154.54 m E 
2414605.36 m N 

83.4 44.5 8.0 26.3 <10 

Tarikela village 
189041.00 m E 

2410328.63 m N 
75.4 40 7.5 24.9 <10 

Thelkoloi village 
190844.32 m E 

2409845.99 m N 
78.8 44.5 8.2 29.8 21.7 
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6 I NDUSTRIAL EMISSION I NVENTORY ï BASELINE 

SCENARIO  
 

The Economy of the Jharsuguda District is solely industrial. Due to the availability of 

economically important minerals, especially coal, many small-scale & large-scale industries 

have found a conducive environment for their growth and development. Jharsuguda is an 

industrial hub of the state consisting mainly of the metallurgical industries. It is also popularly 

known as the powerhouse of Odisha due to the plentiful industry mostly thermal power 

plants. The list of major industries in the region considered for the study is presented in 

Table 7 and shown in a satellite google imagery (Figure 6).  

 

A total of 18 major industries in the study area along with captive power plants and 

independent base load thermal power plants are considered for the study. The stack physical 

characteristics details were extracted from the Odisha State Pollution Control Board server. 

In the case of data gaps, the stack details from the other plants (with the same capacity) were 

considered. The uncontrolled emissions were estimated based on the type of fuel and 

consumption details. For SO2 emissions, the sulphur content of 0.6 % is considered which is 

most ideal for Indian coals. For NOx and PM10, the uncontrolled emission standard of 600 

mg/Nm3 (for power plant boilers before installed prior to 2003,) and 100 mg/Nm3 respectively 
are considered for emissions estimation. The total estimated emissions from all the selected 

industries are in the order of 50.3 T/hr for SO2, 24.5 T/hr for NOx and 6.1 T/hr for PM 

respectively. About 101 stacks as a point-source emission are identified for detailed air quality 

modelling.  

 

Emission factors adopted for estimating the emissions from the designated stacks are 

presented in Annexure -IA . Out of the total 50.3 TPH of SO2 emissions from the industries 

in the study area, almost 95% of the SO2 emissions are released from thermal power plants 

and captive power plants, whereas thermal power plants contributed about 92% of the total 

24.5 TPH of NOx emissions. Detailed emission inventory data is presented in Annexure -IB 

and Annexure -IC . Thermal power plant contributed only 33% of total PM emissions. It is 

noted from the above data that major emissions are envisaged from thermal power plant. 

Since the dispersion of emissions and GLCs are dependent on stack height, an attempt was 

made to estimate the emission release from various range of stack heights (Table 4 ). It can 

be inferred that 50% of SO2 and NOx emissions are released from stacks having height less 

than 150m, which contributes maximum GLCs due to lower stack height.  

 
Table 7: List of Major Industries in Jharsuguda Industrial Area  

 

S. N. Industry Name Type of Facility 

1 Aditya Aluminium, Lapanga, Sambalpur Aluminum Smelter with Captive power 
plant 

2 Hindalco Industries Ltd, Smelter unit, Hirakud, 
Sambalpur 

Aluminum Smelter  

3 Hindalco Industries Ltd, Power 
Plant, Hirakud, Sambalpur 

Thermal Power Plant 

4 Hindalco Industries Ltd- FRP, Hirakud, Sambalpur Rolling Mill 

5 Bhushan Power and Steel Ltd, 
Thelkoloi, Sambaldpur 

Iron & Steel with captive power plant 
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6 Aryan Ispat & Power Ltd, Bomaloi, Sambalpur Iron & Steel with captive power plant 

7 Shyam Metallics and Energy 
Limited, Pandloi, Sambalpur 

Iron & Steel with captive power plant 

8 Maa Samaleswari Industries (P) Ltd, Lapanga, 
Sambalpur 

Iron & Steel 

9 Viral Steel and Energy Limited, Gurupali, Rengali, 
Sambalpur 

Iron & Steel with captive power plant 

10 IB Thermal Power Station, OPGC (Ltd) Thermal Power Plant 

11 Seven Star Steels Ltd Sponge Iron Plant, SMS and captive Power 
plant 

12 Thakur Prasad Sao & Sons Pvt Ltd, Sponge Iron Plant with captive power plant 

13 Vedanta Ltd (TPP) Thermal Power Plant 

14 Vedanta Ltd (Smelter) Aluminium Smelter 

15 Vedanta Ltd (CPP) Captive Power Plant 

16 Ultratech Cement Ltd Cement 

17 SMC Power Generation Ltd Captive Power Plant with captive power 
plant 

18 TRL Krosaki Refractories Limited Ceramics and Refractories 

 
Table 8: Typical  Emissions Release from Various Sources 

 

Stack group 
(by height) 

No. of Stacks 
(with no data gaps) 

SO2 emissions 
(T/hr) 

NOX emissions 
(T/hr) 

< 50 m 35 10.7 5.3 

50 - 150 m 54 5.7 2.3 

150 - 275 m 12 33.9 17.0 

 

Figure 6: Satellite Google Imagery Showing the Major Industries in Jharsuguda 

Industrial Area  
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7 PREDICTING GROUND LEVEL CONCENTRATIONS (GLCS)  

FOR THE BASELINE EMISSION SCENARIO CASE 
 

The primary objective of the air quality modelling is to predict the most likely possible ground-

level concentrations due to combined emissions from all possible combustion sources, captive 

power generation in the study area. US-EPA approved AERMOD is adopted to model the 

regional level dispersion pattern. The overview of air quality modelling and prediction of 

ground-level concentrations for the designated pollutants is shown in the block diagram 

below. The basic inputs required for the air quality modelling are emission source details 

(emission rate and stack physical characteristics including stack height, stack tip diameter, flue 

gas velocity, flue gas temperature), an hourly meteorological parameter such as wind speed, 

wind direction, ambient temperature and mixing heights. The site-specific online 

meteorological information adopted from March 2019 to May 2019(ref)4 was adopted for air 

quality modelling exercise. The mixing height data (Mixing Height Atlas of India) published by 

the Indian Meteorological Department was adopted. The model output as 24-hours average 

ground level concentration was plotted in the form of Iso-pleths (also known as iso-

concentration contours). 

7.1  Meteorological Data  
 

Increased turbulence in the atmosphere due to higher wind speeds and solar insolation, the 

pollutants will be subjected to rapid dispersion and dilution in the atmosphere. Mixing heights 

also play an important role, which can limit the vertical mixing potential of the atmosphere. 

In the event the plume rise is higher than the mixing height, then the pollutants will get trapped 

in the stable upper layer. In the event the plume rise is lower than that of the mixing height 
(afternoon and high solar insolation conditions), pollutants will get dispersed in the lower 

zone and would contribute a rise in ground-level concentrations. Since the plume rise of fossil 

fuel combustion sources such as boilers, power plant stacks, etc. experience higher buoyancy 

and hence most of the period of the plume penetrate the mixing height, thereby leading to 

lower ground level concentrations. The hourly meteorological data of the summer season 

(March 2019 to May 2019) was considered for modelling given in Annexure II . The wind 

rose diagrams from the data provided for the summer season (March 2019 to May 2019) are 

presented below in Figure 7. It is observed that the wind direction during the summer season 

(March 2019 to May 2019) predominantly blew from South West, West and South East with 

an average wind speed of 2.95m/s. The mixing height data pertaining to the region was 

collected from the Atlas of Hourly Mixing Height published by IMD New Delhi. The summer 

season 24 hr average mixing height variation is plotted and shown in Figure 8. 

 

 

 

 

 

 

 

 

 

 
4 https://www.worldweatheronline.com/jharsuguda-weather-history/orissa/in.aspx 
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Figure 7: Wind Rose Diagram for Summer Season 

 

 
 

Figure 8: Hourly Variation of Mixing Height  

 

 
 

7.2  Local and Regional Geographical Features  
 

Undulating and valley type terrain experiences varied wind patterns and speeds, which can 

have a major impact on the pollutant plume travel in the atmosphere. In the current scenario, 
the study area is considered to be a plain land without any undulations. The area depicts a 

typical rural background. 
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7.3  The Source Parameters  
 

Emissions from the sources are generally categorized as buoyant dominant and momentum 

dominant plumes based on the amount of thermal flux that is discharged into the atmosphere. 

Higher the thermal flux (higher gas volumes coupled with high stack gas temperatures) will 

experience large plume rise. In general, the thermal power plant stack gas will experience the 

highest plume rise in the order of 500 to 1000m during stable and normal wind speeds. 

Similarly, all industrial stacks connected to boilers and furnaces will also experience higher 

plume rise. Since thermal flux depends on the flue gas mass flow rate, flue gas temperature, 

stack tip diameter, and stack gas velocity are critical inputs to the air dispersion modelling. 

7.4  Predicted GLC for Baseline Emission Scenario 
(Uncontrolled Emissions)  

 

Air quality modelling exercise was undertaken to establish the most likely possible ground 

level concentration of PM10, NOx and SO2 due to the combustion activities in the industries 

located in the Jharsuguda region. The predicted concentration of all three pollutants 

concerning the summer season (March 2019 to May 2019) is depicted in Figures 9 to 11. 

The summary of model results is presented in Table 9. The model output files are presented 

in Annexure III . 

 
Table 9: Predicted GLC for Baseline Emission Scenario  

 

Pollutant 
2nd Height Predicted 

24Hrs Avg GLC 
(µg/m3) 

Maximum Reported 
Baseline Air Quality 

Data 

Location of 
Occurrence of 2nd 
Height Predicted 

GLC (UTM) 

SO2 254 24 192191.00m E, 2414300.00m N 

NOx 123 31 192191.00m E, 2414300.00m N 

PM10 22.9 81.4 197171.00m E, 2414300.00m N 

 

Predicted GLC of SO 2: Predicted 2nd height GLC is reported to be in the order of 254 
µg/m3 and the same was reported to be in the range of 40 to 80 µg/m3 at various settlements 

in the study area. It can be noted that there is a large variation between predicted GLC and 

actual reported baseline data. This can be attributed due to possible chemical transformation 

of SO2 into the sulphates in the presence of alkali matter moisture in the ambient air. 

Considering the half-life period of SO2 in the atmosphere in the order of 13 to 16 hours, the 

predicted GLC with chemical transformation can be estimated as 25 to 60 µg/m3, which 

corroborates with the actual baseline data reported. The predicted SO2 concentrations were 

compared with that of the authentic published data and presented in Table 10. 

 

Predicted GLC of NO x: Predicted 2nd height GLC is reported to be in the order of 123 

g˃/m3, whereas the same was reported to be in the range of 23 to 45 g˃/m3, which is at par 

with reported baseline levels of 23 to 35 ˃g/m3. Similar to SO2, NOx will undergo 

photochemical reaction and also chemical transformation into salts of nitrates. The half-life of 

NO x in the atmosphere is generally in the order of 18 to 20 hours and the corresponding 

corrected predicted GLC will be in the range of 20 to 35 g˃/m3, which is at par with reported 

baseline concentrations. The same is presented in Table 11.   
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Predicted GLCs of PM : The 2nd height 24 hrs peak predicted PM10 concentration is 

estimated as 23 ˃g/m3 as against the reported baseline level of 80 to 153 g˃/m3. This aspect 

indicates that the existing industries are contributing to about 15 to 30% of the background 

PM levels. Although, all industries are adopting pollution control systems as per consent 

management, the overall PM emissions to the tune of 6 TPD from the existing industries are 

contributing considerable GLCs to the baseline air quality scenario. The comparison table is 

presented in Table 12.   

 
Table 10: Predicted  GLCs of SO 2 - Baseline Emission Scenario  

 

 
Location 

 
Coordinates 

Predicted 
concentration 
of SO2 (µg/m3) 

Published baseline 
concentration of 

SO2 (µg/m3) 

Brajrajnagar 182079.74 m E 
2416375.25 m N 

62.3 7.2 

Lapanga Village 191233.77 m E 
2405217.10 m N 

52.6 8.2 

Bomaloi Village 192953.47 m E 
2402128.17 m N 

43.4 8.0 

Gumkarama Village 195297.80 m E 
2408625.96 m N 

67.1 8.5 

Sripura Village 193955.96 m E 
2410889.85 m N 

74.4 8.0 

Brundamal village 192154.54 m E 
2414605.36 m N 

248.7 8.0 

Tarikela village 189041.00 m E 
2410328.63 m N 

72.8 7.5 

Thelkoloi village 190844.32 m E 
2409845.99 m N 

78.6 8.2 

 
Table 11: Predicted GLCs of NO x - Baseline Emission Scenario  

 

Location Coordinates 
Predicted 

concentration of 
NOx (µg/m3) 

Published baseline 
concentration of 

NOx (µg/m3) 

Brajrajnagar 182079.74 m E 
2416375.25 m N 

35.7 24.1 

Lapanga Village 191233.77 m E 
2405217.10 m N 

24.8 29.8 

Bomaloi Village 192953.47 m E 
2402128.17 m N 

23.1 29.1 

Gumkarama Village 195297.80 m E 
2408625.96 m N 

34.9 25.2 

Sripura Village 193955.96 m E 
2410889.85 m N 

38.4 28.8 

Brundamal village 192154.54 m E 
2414605.36 m N 

            122.5 26.3 

Tarikela village 189041.00 m E 
2410328.63 m N 

41.7 24.9 

Thelkoloi village 190844.32 m E 44.5 29.8 
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2409845.99 m N 

 
Table 12: Predicted  GLCs of PM 10 - Baseline Emission Scenario  

 

 
Location 

 
Coordinates 

Predicted 
concentration of 

PM10 
(µg/m3) 

Published baseline 
concentration of 

PM10 
(µg/m3) 

Lapanga Village 191233.77 m E 
2405217.10 m N 

2.4 86.6 

Bomaloi Village 192953.47 m E 
2402128.17 m N 

2.0 81.7 

Gumkarama Village 195297.80 m E 
2408625.96 m N 

3.6 80.4 

Sripura Village 193955.96 m E 
2410889.85 m N 

4.5 84 

Brundamal village 192154.54 m E 
2414605.36 m N 

6.5 83.4 

Tarikela village 189041.00 m E 
2410328.63 m N 

4.7 75.4 

Thelkoloi village 190844.32 m E 
2409845.99 m N 

4.6 78.8 
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Figure 9: Isopleths Showing Predicted GLC of SO 2 (Base Line Emission Scenario)  

 
 

Figure 10: Isopleths Showing Predicted GLC of NO x (Base Line Emission Scenario)  

 
 



Climate and Clean Air Coalition (CCAC)    
  

 

  Reducing Air Pollution in Indiaôs Industrial Cluster through Smart Energy Management   October 2020 | 19 

Figure 11: Isopleths Showing Predicted GLC of PM 10 (Base Line Emission Scenario)  
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8 EFFICIENCY I MPROVEMENT IN EXISTING THERMAL 

POWER PLANTS /  CAPTIVE POWER PLANTS FOR 

JHARSUGUDA ,  ODISHA  
 

EFFICIENCY IMPROVEMENT MEASURES FOR EXISTING INDUSTRIAL 

UNITS  

 

Increasing the efficiency of plants translates into increased generation of electricity from the 

same quantity of coal, which contributes to the energy security of the country while reducing 

specific emissions. This also means that installation of additional capacity can be avoided. For 

example, one of the expected outcomes of the PAT schemes of Ministry of Power was that 

19 GW of capacity addition could be avoided by increasing efficiency across industrial sectors 

including power.   

 

Various studies show that there are key areas in plants which can be specifically targeted for 

improvement of energy efficiency. Inefficient soot blowing, low condenser vacuum, un-

optimised combustion in the boiler and poor-quality coal (lower than the quality for which 

boiler is designed) lead to the loss in efficiency of the plant. The list of key areas where 

improvements can be achieved between 1-5 percentage points, depending on the extent of 
measures taken up.  

 

Á Combustion Optimisation:  Optimising the ratio of coal to air input in the boiler can 

reduce loss of efficiency due to unburned carbon in fly ash and reduce NOx formation in 

the boiler. It can also potentially improve efficiency by 0.15-0.84 percentage points.  

 

Á Coal Drying:  Sub-bituminous coal contains high moisture content, between 15 and 40 

per cent. During combustion in the boiler, about 7 per cent of the heat input could be 

used due to the moisture present in the coal. Waste heat from the flue gas could be 

utilised to dry the coal before combustion. This could lead to an efficiency increase of 0.1-

0.7 percentage points.  

 

Á Optimisation of Soot -Blowers:  Soot blowers are used to remove ash from boiler 

tubes to ensure efficient heat transfer in the boiler. The timing of soot-blowing needs to 

be optimised in the boiler as excessive soot-blowing could lead to boiler-tube failures and 

too little could lead to a drop in efficiency. Timing optimisation could lead to an efficiency 

increase of 0.1-0.65 percentage points.  

 

Á Steam Turbine Overhaul:  A complete turbine overhaul could be carried out for old 

turbines, which means replacing the turbine blades and casing and could also involve 

modification of steam parameters. However, this may prove to be capital intensive and a 

feasibility study is needed on a case-by-case basis. The improvement in efficiency, however, 

could be about 0.84-2.6 percentage points.  

 

Á Flue Gas Heat Recovery:  A considerable portion of the energy input in a plant is lost 

through the stack in the form of waste heat. Recovering this waste heat by utilising either 

for feed-water pre-heating or for coal drying as mentioned could lead to a potential 

efficiency improvement of 0.3 to 1.5 per cent. 
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Á Condenser Vacuum:  High steam temperature and pressure at turbine entry and low 

steam temperature and pressure at turbine exit are the key conditions which dictate the 

overall efficiency of the steam cycle. The condenser in a power plant performs the key 

function of condensing steam back to water at the exit of the low pressure (LP) turbine, 

using vacuum conditions. Lower than optimal vacuum conditions lead to increased steam 

consumption and the work extracted from the steam is also lowered. Excessive vacuum 

can lead to the formation of water droplets in the last stage of the turbine, resulting in 

blade damage. A study conducted by CEA and GIZ in 2014 found that optimisation of 

condenser vacuum has the maximum potential for short-term efficiency improvement in 

the plants in the study. 

 

TECHNOLOG Y IMPROVEMENT FOR PROCESSES IN INDUSTRIES  

 

Á Higher Steam Parameters:  The fundamental way to increase efficiency is to operate 

the plant at higher temperature and pressure. A typical Indian subcritical plant operates at 

540°C and 17 megapascals (MPa) with average operating efficiencies around 28-34 per 

cent. In comparison, the state-of-the-art USC plants operate at temperature up to 620°C 

and pressure up to 29 MPa, achieving efficiencies up to 48 per cent (HHV basis).   

 

A new category of plants called Advanced-USC, which can achieve efficiencies up to 50 

per cent using steam at a temperature of 700°C and pressure of 35 MPa, is being prepared 

for demonstration by 2020-25. A-USC boilers designed for Indian coal will require erosion 

resistant coatings because Indian coal contains a lot of ash (34-47%), which is highly 

erosive. Due to reduced heat transfer rates because of these coatings, the boiler will be 

much larger in terms of furnace volume area as compared to boilers designed for high-

grade coal. This will increase the capital costs of the plant, but with policy-level 

interventions, the payback period of such units can be reduced. 

  

Á Fluidised Bed Combustion (FBC) Boilers:  FBC boilers are a proven technology that 

can be implemented by domestic manufacturers. As combustion takes place at a lower 
temperature, it inherently lowers the formation of oxides of nitrogen. Limestone can be 

added into the process to lower the emission of oxides of sulphur as well. FBC units were 

earlier available only for subcritical units of smaller sizes, but the technology has been 

scaled up and FBC units are available in the same range as PC units. Fuel flexibility is the 

biggest advantage that FBC boilers offer in the Indian context. Unlike PC boilers, fuels with 

widely varying calorific values can be readily fired, without the need for oil support like in 

PC boilers. In addition, it eliminates the need of finely grinding the fuel before combustion.  

A 460 MW SC-FBC unit is currently under operation in Poland and bigger and better 550 

MW USC-FBC units are expected to start commercial operation in South Korea. 

Currently, FBC boilers are in use in western India only for lignite plants. It is estimated 

that stricter SOx and NOx emission norms will make FBC boilers more economical as 

compared to PC boilers as they do not need additional equipment for SOx and NOx 

control. This also happens to be a technology that indigenous manufacturers like BHEL 

are familiar with, and can be adapted to larger sizes with more R&D. 

  

Á Carbon Capture and Sequestration (CCS):  CCS is not yet a widely tested 

technology which can prevent CO2 emissions from entering the atmosphere. This method 

uses chemical absorbents to separate CO2 from the flue gas stream of the power plant. 

There are multiple methods for CO2 capture, including:  
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Pre-combustion:  Coal is converted into a mixture of hydrogen and CO2 using chemical 

processes like steam reforming. This mixture is then used in typical power plants and the 

resulting flue gas consisting mainly of CO2 is captured (as in IGCC systems).  

Post-combustion:  A chemical solvent is used to absorb CO2 from the flue gas stream 

after combustion. The CO2 is later captured by heating the solvent, which can be reused 

in the process by cleansing it of other impurities.  

 

The CO2 is then compressed to a liquid-like state and transported to storage sites. These 

storage sites are geological formations, such as deep-sea oilfields and sedimentary rock 

formations at depths of about 800 m, which are expected to have the ability to hold the 

gas permanently.  

 

The largest unit on which CCS technology has been demonstrated is a 110-MW unit. The 

technology is inefficient ð as much as 10-12 per cent of the plantõs rated output is 

consumed in the CCS process. The technology is yet to mature for larger units and the 

capital costs are high. There is also the risk of instability of underground reservoirs which 

might lead a largescale release of stored CO2. Since the gas is colourless and odourless, 

and given the large quantities that will be sequestered, there is a significant risk to human 

life in the event of release of gas from the reservoirs. Additionally, no study has been done 

in India to identify suitable sites for storage.   

 

Á Integrated Gasification Combined Cycle (IGCC) and Oxy-Combustion:  Coal is 

first converted into syngas in an IGCC plant and then burnt in a conventional gas turbine 

and can reach efficiencies matching that of a SC plant. Worldwide, pilot scale plants are 

already in operation to test the feasibility of this technology, but commercial scale plants 

are still a few years away. India too announced a pilot IGCC plant at Vijayawada which 

was going to be a joint effort between APGENCO and BHEL, but the project has remained 

a non-starter. Indicative costs of about Rs 9 crore/MW also makes it expensive. It should 

also be noted that òentrained-flow gasifieró-based IGCC which are currently in use 
worldwide are not suitable for Indian coal. òFluidised bed gasifieró-based IGCC system has 

been under development by BHEL, but the results of its testing are unknown.  

 

Oxy-combustion utilises pure oxygen rather than atmospheric air in the boiler for 

combustion. This involves setting up of an air separation unit (ASU) to separate oxygen 

from air and special boiler parts to withstand higher temperatures. This technology is 

especially advantageous when used with CCS systems as the flue gas consists mostly of 

pure CO2 and can be captured without much processing. NOx formation is also prevented 

as only oxygen is used for combustion. This process too, suffers the same drawbacks as 

IGCC ð high auxiliary consumption, as ASUs are highly energy intensive. This technology 

is also under development worldwide and has not yet been demonstrated on a large scale.  
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CONCLUSION ON ENERGY CONSERVATION MEASURES FOR COAL 

BASED POWER PLANTS  

 

Most of the Indian plants have efficiencies of 32-36 per cent. In comparison with plants around 

the world, these are among the lowest in the world. Lack of proper O&M practices is one of 

the main reasons for this. The problem is acute in state-owned plants where units are often 

not able to operate at their rated output due to bad operational practices combined with 

poor quality fuel. 

 

Another issue affecting coal-based power plants is that they are often not run at full load. 

Usually coal-based plants are intended to be òbase loadó plants, to run at a constant load. Gas-

based plants are used as òpeaking plantsó to provide power during specific hours of high 

demand. In India, however, coal-based plants are used as both base-load and peaking plants. 

The result is that when demand is low, plants are forced to run at their minimum technical 

load, which causes a loss of efficiency.  

 

There is a large scope for reduction in auxiliary power consumption in plants. A notification 

was passed by the Ministry of Power in this regard in 2006 making it compulsory for all plants 

to monitor energy consumption by auxiliary equipment. The objective was that the plants 

crosscheck the logs of the metered consumption data with energy audits and carry out 

efficiency-improvement measures. In a 2010 revision to the notification, however, monitoring 

total auxiliary consumption by all the equipment was made compulsory rather than monitoring 

the detailed use. The result was the plants today know their total auxiliary consumption but 

are not able to identify how much is being consumed where. This makes it impossible to 

reduce auxiliary consumption. Most plants could not provide a breakup of auxiliary 

consumption to GRP as well. Very few plants, mostly privately owned ones, carry out 

voluntary monitoring and target-setting to reduce auxiliary consumption.  

 

The PAT scheme was the first attempt to introduce the idea of energy efficiency in thermal 

power plants in India. However, the initial round of target setting was not ambitious enough. 
Moreover, the programme has been designed such that one of the ways for plants to achieve 

their targets is by reducing their auxiliary consumption (as the programme only considers net 

heat rates). However, in the absence of proper metering, this is not possible.  

 

There are also regulatory gaps in the Indian electricity framework, which allow for 

inefficiencies to creep in at the plant level. Several such gaps still exist even today. A few of 

them are:  

 

Á Merit Order Dispatch (MOD):  A MOD lists plants in increasing order of tariff. When 

a distribution company (DISCOM) requires power, the plant with the lowest tariff comes 

on first. Often, plants which have completely depreciated are high up on the list as they 

do not have capital costs. These plants also happen to be very polluting, but since tariff 

trumps all other parameters, these come on first.  

 

Integrating the costs of pollution into the tariff structure is one of the ways to overcome 

this problem. This makes sure that more efficient, less polluting plants are given priority 

in the dispatch over inefficient, highly polluting plants. China, for example, already has an 

environmental dispatch rule which provides for preparing dispatch lists based on a 



Climate and Clean Air Coalition (CCAC)    
  

 

  Reducing Air Pollution in Indiaôs Industrial Cluster through Smart Energy Management   October 2020 | 24 

combination of environmental impacts and thermal efficiencies, instead of being based on 

average total price. 

 

Á Fuel Transit Losses: Plants are allowed a transit loss of 0.2-0.8 per cent on a normative 

basis. Since fuel transit loss is normative, it allows the plant to claim full losses rather than 

actual losses. Further it does not incentivise plants to adopt best practices to measure 

actual coal receipt and consumption.  

 

Á Special A llowances:  Old and inefficient plants like NTPC Badarpur and DVC Bokaro 

are given exemptions from meeting heat rate norms. The benchmark for heat rates and 

specific fuel consumption is often set 10-20 per cent lower than for other plants. These 

plants happen to be egregious polluters as well and providing them exemptions gives them 

more incentive to not change.  

 

CO 2 AND ENERGY EFFICIENCY  

The thermal power sector is one of the most energy consuming and highest GHG-emitting 

industrial sectors  

 
SPECIFIC CO2 EMISSION RATES OF COUNTRIES, 2010-13 

India has one of the highest CO2-specific emission rates among countries 

 
Note: Indiaõs specific CO2 emission has been estimated for the period April 2011-March 2012 

Source: Green Rating Project 2014; Hussy C., Klaassen E., Koornneef J. and Wigand F., 2014, International comparison 

of fossil power efficiency andCO2 intensityð Update 2014 

http://www.ecofys.com/files/files/ecofys-2014-international-comparison-fossil-power-efficiency.pdf, P 81, as viewed on 

January 6, 2015 

 

More than 40 per cent of total energy consumption in the world (5,251 million tonnes of oil 

equivalent, Mtoe, in 2012) is by the electricity sector. Of this, coal uses around 43 per cent 

(2,269 Mtoe in 2012).  
 

More than 38 per cent of the global CO2 emission from fuel combustion (13,346 million 

tonnes) comes from the electricity sector. Indiaõs CO2 emissions (the third largest after China 

and USA)23 are nearly 6 per cent of the worldõs; 53 per cent of Indiaõs CO2 emissions from 

fuel combustion are derived from electricity. 
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A report by UK-based consultancy, Ecofys, stated emission intensity of Indian coal-based 

power plants was 1.26 tCO2/MWh25 in 2011. However, CEA reports a lower (1.03 

tCO2/MWh) emissions intensity of coal-powered plants in 2013-14.26 Plants evaluated under 

the GRP study had an average specific emission of 1.08 tCO2/MWh during 2010-13. What is 

beyond dispute is Indiaõs specific CO2 emission is one of the highest among countries with 

significant coal-based capacity (see Graph 4.13: Specific CO2 emission rates of countries, 2010-

13).  

 

Energy efficiency is directly related to the intensity of CO2 emission per unit of electricity 

generated. Emissions from Indian plants are high because most plants still use subcritical 

technology with low efficiency (around 32-33 per cent). Moving to SC plants27 with higher 

efficiencies can lower specific CO2 emissions to 743 g/kWh. A further reduction in intensity 

to 600-670 g/kWh is possible using Advanced-USC technology which is still at the 

development stage (see Graph 4.14: Relation between CO2, efficiency and technology).  

 
Relation between CO2, efficiency and technology 

Higher plant efficiency means lower emission rates 

 
Source: Electricity Generation: Facts and Figures, VGB Powertech, 2013-14, pages 16-17 

 

Although plants based on SC technology have been in operation since the early 1960s, Indiaõs 

first SC unit was commissioned only in 2010-11. The 12th Five-Year Plan (2012-17) envisions 

50-60 per cent of the new capacity added during this period will be based on SC technology.  

The average specific CO2 emission of the plants in the GRP study is 1.08 tCO2/MWh, which 

is slightly higher than the Indian average emission of 1.03 tCO2/MWh reported by CEA.28 

Graph 4.15 shows the distribution of the plants in the study: 17 plants had an average emission 
lower than the Indian average emission, of which only three are state owned; JPL-Raigarh had 

the lowest specific emission at 0.87 tCO2/MWh while JSEB- Patratu was the worst at 1.80 

tCO2/MWh.  

 

Plants with high specific emissions (1.2 tCO2/MWh and above) contribute just 17 per cent of 

the total generation (see Graph: Generation contribution (in per cent) from plants, 2010-13). 

The largest share of generation was from the 0.9-1.1 tCO2/MWh (over 65 per cent). 
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SPECIFIC CO2 EMISSION OF SAMPLE PLANTS, 2010-13 

Wide variation between the best and worst performers in terms of specific CO2 emissions 

 
Source: Green Rating Project, 2014-15, CSE, New Delhi 

 
GENERATION CONTRIBUTION FROM PLANTS, 2010-13 

Plants with highest emission contribute the least to generation 

 
Source: Green Rating Project, 2014-15, CSE, New Delhi 

 

The plants which fell in the lowest efficiency band of 25-30 per cent had an average emission 

of 1.30 tCO2/MWh. All plants in this band were state-owned, except KSK-Wardha, which is 

privately owned. The efficiency range of 32-34 per cent included the largest number of plants 



Climate and Clean Air Coalition (CCAC)    
  

 

  Reducing Air Pollution in Indiaôs Industrial Cluster through Smart Energy Management   October 2020 | 27 

with an average emission of 1.13 tCO2/MWh. Plants with an efficiency of 34 per cent and 

higher had CO2 emissions that were lower than the Indian average  

 
AVERAGE SPECIFIC CO2 EMISSION OF PLANTS CONSIDERED  

Plants with higher efficiency showed less emission intensity 

 
Source: Green Rating Project, 2014-15, CSE, New Delhi 

The three supercritical plants in the study ð TataMundra, NTPC-Sipat and Adani-Mundra ð had an average 

emission of 1.00 tCO2/MWh. Adani Mundra had the highest emission among the three at 1.10 tCO2/MWh.  

 

THE CHALLENGE AHEAD: EFFICIENCY VERSUS CO 2 REDUCTION   

 

The big challenge for India is to ensure affordable energy to all while simultaneously controlling 

CO2 emissions. Currently, the most cost-effective method for reducing CO2 emissions is 

improving efficiency. The APEC (Asia Pacific Economic Cooperation) Energy Working 

Groupõs report suggests that a 3.5 percentage point efficiency improvement can result in 9 

per cent reduction in CO2 emissions, which could be achieved through optimisation of 

combustion, steam cycle, and operation and maintenance. This cost-effective method also 

increases the plantõs life. 

 

The capacity additions need to have efficient and clean technologies. The existing plants need 

to be retrofitted with clean technologies where possible. Plants which are too old, where 

retrofits cannot work anymore, need to be phased out. Since poor O&M practices are a major 

reason for low efficiency of plants, the scope for efficiency improvement through adoption of 

best practices is high.  

 

However, because of the limitations of how much efficiency improvement is achievable with 

older technology, deeper cuts in CO2 emissions would require exploration of options such as 

implementation of carbon capture and storage (CCS) (with high-efficiency units), which are 

expensive and in the experimental stage. Thus, efficiency improvement remains the most cost-

effective way to achieve significant cuts in emissions from coal-based power plants in India.  
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SO2 ABATEMENT TECHNOLOGY  

 

In India very few plants that are dependent on imported coal have installed SO2 control 

systems. The remaining have no end-of-pipe SO2 control measures. CPCB/ MOEF have given 

time upto 2021 to meet the new notified standard. 

 

The primary measure to control SO2 emission is to use low-sulphur coal itself. For fluidised 

bed combustion (FBC) plants, the use adsorbent materials (CaO, Ca (OH)2 or CaCO3) 

directly in the boiler helps to retain sulphur in ash. The reaction needs a fuel vs adsorbent 

ratio of 1.5:7, depending on the fuel. 

 

Flue gas desulphurisation is the secondary measure to capture SO2 emission from flue gas. It 

can be done using wet scrubbing (wet process), spray-dry scrubbers (semi-dry process), 

adsorbent injection (dry process) and regenerative processes (both the wet and dry type, 

where scrubbing material is recovered and reused).  

 

Wet process is the most efficient and popular technique in which an aqueous suspension of 

limestone/lime or seawater is used for flue gas scrubbing. There are other advantages: HCl, 

HF, dust and heavy metals emissions are reduced.  

 

A few imported coal-based coastal plants in India, such as JSW-Ratnagiri, Tata-Trombay, 

Adani-Mundra etc., have adopted seawater-based FGD technology. The process saves 

chemical cost but does not generate gypsum; however, it could have localised side effects 

from the release of sulphate, chloride and heavy metals with effluent or waste water into the 

sea.  

 

The semi-dry process is the second most popular choice. It is generally used in small- or 

medium-sized boilers that use up to 1.5 per cent sulphur coal.  

 
DIFFERENT TYPES OF FGD SYSTEMS TO CONTROL SO2 

Flue Gas Desulphurisation (FGD) systems can increase the capital cost by up to 14 per cent 

 
Source: International Finance Corporation (IFC), 2008, Environment, Health and Safety guidelines: Thermal Power Plants 
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http://www.ifc.org/wps/wcm/connect/dfb6a60048855a21852cd76a6515bb18/FINAL_Thermal%2BPower.pdf?MOD=AJ

PERES&id=1323162579734, p. 4, as viewed on October 2014 

 

NO x Abatement Technology: Rare in Indian Coal-Based Power Plants 

 

The primary means to control NO x emission is to reduce its formation, mainly through 

optimising the design and operational parameters, such as fuel staging, air staging, flue gas 

recirculation, reduced air preheat and low excess air. The second method is to convert the 

end-of-pipe NOx into molecular nitrogen to be released in the atmosphere.  

 
The main technologies for NOx control in coal-fired boilers are listed in table below. These 

methods may, however, adversely impact boiler efficiency and release other pollutants. 

Therefore, operational optimisation of boiler is essential. 

 

End-of-pipe NOx control techniques include Selective Catalytic Reduction (SCR) with 80-95 

per cent efficiency and Selective Non-Catalytic Reduction (SNCR) with 30-50 per cent 

efficiency. In the SCR process (widely used in TPPs in Europe, Japan and USA) a reducing 

agent such as ammonia is injected in the flue gas path in the presence of catalysts (such as 

base metal oxides, iron oxides, zeolites, activated carbon at temperatures of 170-510oC) in 

honeycomb or plate form. SNCR does not need a catalyst but is sensitive to temperatures of 

850-1,100oC, depending on the reagent used. Both technologies need to have safety measures 

to handle liquid ammonia. None of the plants in India has end of-pipe NOx control technology. 

 
EFFICIENCY AND LIMITATIONS OF PRIMARY NOX COMBUSTION TECHNIQUES 

Low NO x burners and air staging are available in few new thermal power plants in India 

 
Source: IPPC, Best Available Techniques for Large Combustion Plants, 2006 

 
DIFFERENT TYPES OF NOX REDUCTION SYSTEMS 

NO x control systems can increase capital costs by 10 per cent 
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Source: International Finance Corporation (IFC), 2008, Environment, Health and Safety guidelines: Thermal Power Plants 

http://www.ifc.org/wps/wcm/connect/dfb6a60048855a21852cd76a6515bb18/FINAL_Thermal%2BPower.pdf?M

OD=AJPERES&id=1323162579734, p. 5, as viewed on November 2014. 
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9  ESTIMATED EMISSIONS POST ENCON M EASURES AND 

CLEANER TECHNOLOGY OPTIONS  
 

Based on the studies conducted, the following energy conservation measures and cleaner 

technologies are suggested, and the corresponding envisaged emission reduction levels are 

listed hereunder: 

 
Table 13: Estimated Emissions after Implementation of ENCON Measures  
 

Sector/Emission 
Source 

Thermal 
Energy 

Consumption 
Benchmark 

for the 
Sector 

Type of Energy Conservation 
Measures & Cleaner 

Technologies Suggested by IIEC 
 

Existing 
Emission 
Levels 

(Uncontrolled 
Emissions) 

Envisaged 
reduced 

Emissions 
Scenario 

(Post ENCON 
and Clean 

Technology) 

Integrated Steel 
Plant (Blast 
Furnace & 
Sponge Iron 
Plant) 

Blast furnace- 
3.5 

Million 
Kcal/DR 
product 

 
Sponge iron 

plant- 7 
million 

Kcal/DR 
product 

Based on the IIEC report on energy 
conservation measures and 
cleaner technology options, 
implementation of following 
measures may help to reduce the 
emissions by an order of 30%: 
 

¶ Covered raw material storage 
area, paved and impermeable 
storage surface area (applicable 
areas) and appropriate drainage 
system,  

¶ Transfer of raw materials 
through closed conveyors to 
control fugitive dust emissions  

¶ Maintaining tallest carbonization 
chamber for coke ovens for coke 
making, stamp charging over the 
conventional top charging,  

¶ Installation of stationary land-
based pushing emission control 
system in new and renovated 
(rebuilt) batteries has been 
mandated in India by the MoEF 
as per the GSR 46 (E) 
notification. 

¶ Installation of sinter machines 
with larger surface area enables 
installation of all energy 
conservation technologies such 
as sinter cooler waste heat 
recovery and thus help in 
minimizing specific energy 

PM: 196 Kg/hr 
SO2: 388 Kg/hr 
NOx: 222Kg/hr 

 
 

PM: 137 kg/hr 
SO2: 295 kg/hr 
NOx:155 kg/hr 
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Sector/Emission 
Source 

Thermal 
Energy 

Consumption 
Benchmark 

for the 
Sector 

Type of Energy Conservation 
Measures & Cleaner 

Technologies Suggested by IIEC 
 

Existing 
Emission 
Levels 

(Uncontrolled 
Emissions) 

Envisaged 
reduced 

Emissions 
Scenario 

(Post ENCON 
and Clean 

Technology) 

consumption of sintering 
process.  

¶ The installation of selective 
waste gas recycling technology 
in sinter plants to minimize the 
solid fuel energy required in the 
beds.  

¶ Large working volume of blast 
furnace shell enables the 
installation of clean technologies 
such as pulverized coal 
injection, high top pressure and 
top pressure recovery turbine 
(TRT), bell less top and higher 
hot blast temperature, cast 
house slag granulation, waste 
heat recovery from hot blast 
stoves can reduce the coal 
consumption and increase the 
energy efficiency.     

¶ Consumption of coke in large 
blast furnaces can be reduced 
by up to 50% in large volume 
blast furnace by adopting energy 
conservation measures. Higher 
the productivity of a blast 
furnace, lower the coke 
consumption and higher the 
energy efficiency.    

¶ Oxyfuel combustion technology 
to eliminate heat loss and can 
achieve much higher 
temperature, centralized and 
high efficiency recuperator, 
improved insulation and 
refractories of reheating furnace.  

¶ The Energy pulse super 
imposition/micro pulse 
discrimination technique used in 
ESP at sinter plant can reduce 
the dust emission to as low as 20 
mg/Nm3 

Steel rolling mills 3.5 
GJ/T 

The following Encon and cleaner 
technologies can help to reduce 
emissions. It is assumed that SO2 

PM: 4 kg/hr 
SO2: 23 kg/hr 
NOx: 62 kg/hr 

PM: 2 kg/hr 
SO2: 18 kg/hr 
NOx: 50 kg/hr 
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Sector/Emission 
Source 

Thermal 
Energy 

Consumption 
Benchmark 

for the 
Sector 

Type of Energy Conservation 
Measures & Cleaner 

Technologies Suggested by IIEC 
 

Existing 
Emission 
Levels 

(Uncontrolled 
Emissions) 

Envisaged 
reduced 

Emissions 
Scenario 

(Post ENCON 
and Clean 

Technology) 

and NOx emissions will be reduced 
by an order of about 20% from the 
baseline scenario. 

¶ Upgradation of technical use of 
biomass gas as fuel,  

¶ Various technologies can be 
adopted for recovery of heat 
using regenerative burners or 
self-recuperative, top and 
bottom firing system,  

¶ Local exhaust ventilation and 
installation of bag filters for 
capturing fugitive dust emissions  

 

Aluminum 
smelters 

37 
GJ/T 

About 40% reduction in PM 
emissions can be achieved due to 
adoption of higher efficiency dust 
collection system and bag filter 
systems etc. All the aluminum 
industries can aim at achieving PM 
levels of 30 mg/Nm3 as against the 
prescribed standard limit of 50 
mg/Nm. 

PM: 2241 kg/hr 
SO2, NOx -BDL 

PM: 1357 kg/hr 
@ 

30 mg/Nm3 
SO2, NOx -BDL 

 

Captive power 
plant 

2300 
KCal/kWhr 

Some of the Encon measures and 
cleaner systems can be adopted in 
the thermal power plants to 
improve in the plant efficiency and 
air pollution load to the 
atmosphere:  

¶ The vital areas can be aimed for 
improving plant efficiency such 
as optimizing the ratio of coal to 
air input can reduce loss of 
efficiency due to unburned 
carbon in fly ash and reduce 
NOx formation in boiler, 
optimization of soot blowers, flue 
gas heat recovery etc. 

¶ The installation of Fluidized bed 
combustion (FBC) boilers are a 
proven technology that can be 
implemented, combustion takes 
place at a lower temperature 
inherently lowers the formation 
of oxides of nitrogen. Limestone 
can be added into the process to 

PM: 848 kg/hr 
SO2: 17244 

kg/hr 
NOx: 7600 

kg/hr 

PM:  392kg/hr 
SO2: 1307 kg/hr 

NOx: 1307 
kg/hr 
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Sector/Emission 
Source 

Thermal 
Energy 

Consumption 
Benchmark 

for the 
Sector 

Type of Energy Conservation 
Measures & Cleaner 

Technologies Suggested by IIEC 
 

Existing 
Emission 
Levels 

(Uncontrolled 
Emissions) 

Envisaged 
reduced 

Emissions 
Scenario 

(Post ENCON 
and Clean 

Technology) 

lower the emission of oxides of 
Sulphur as well.           

¶ By implementing technologies 
such as Wet flue gas 
desulphurization (WFGD), dry 
flue gas desulphurization (dry 
FGD) utilizing a dry scrubber of 
circulating type, spray dry 
absorber, and dry absorbent 
injection would control the SO2 
emissions.       

¶ The NOx emissions can be 
controlled by adopting the low 
NOx combustion burners and 
proper selection of fuel. The post 
combustion NOx control 
technologies include selective 
non-catalytic reduction system 
(SNCR) or selective catalytic 
reduction (SCR) systems.  

¶ As per MoEF&CC notification 
issued on 7th December 2015, it 
is mandatory that the thermal 
power plants shall be complied 
with the emission standards 
norms of PM: 30 mg/Nm3, SO2: 
100 mg/Nm3, NOx: 100 
mg/Nm3.  Hereby the same 
emission standards are 
considered for post ENCON 
measures to comply.   

Base load 
thermal power 
plant 

2300 
KCal/kWhr 

Same as above ENCON measures 
and standard emission rate in 
captive power plant is considered.   

PM: 2774 kg/hr 
SO2: 32645 

kg/hr 
NOx: 

16643kg/hr 

PM:832 kg/hr 
SO2:2774 kg/hr 
NOx:2774 kg.hr 
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10   PREDICATED GLCôS - POST ENCON M EASURES AND 

CLEAN TECHNOLOGY SCENARIO  
 

As discussed in the sections above, the ENCON measures and cleaner technologies options 

are suggested and the corresponding detailed envisaged emission reduction levels are 

presented in Annexure -IB  and Annexure -IC . It can be noted that the overall SO2 emission 

levels can be reduced from current baseline scenario of 50 TPH to 4.4 TPH due to adoption 

of various ENCON measures and clean technology options. Similarly, NOx levels will be 

reduced from current levels of 24.5 TPH to 4.3 TPH. It is also estimated that about 56% 

reduction in PM emission load could be achieved due to implementation of ENCON and 

cleaner technologies.  
 

Based on the envisaged reduced emission loads, the air quality modelling exercise was 

undertaken to compare the GLCõs of PM10, NOx and SO2 due to reduced emission levels as 

against the uncontrolled emission scenario in the region. The predicated concentrations of all 

the three pollutants are depicted in Figures 12 to 1 4. The summary of model results before 

and after implementation of ENCON measures and clean technology options are presented 

in Table 14. The model output files are presented in Annexure IV . 

 
Table 14: Predicted GLC for Baseline Emission Scenario Vs. Post ENCON Scenario  

 

Pollutant 

Uncontrolled Emission 
Scenario 

Envisaged Reduced Emission 
Scenario 

(Post ENCON Measures & Clean 
Technology Options) 

Maximum 
Reported 

Baseline Air 
Quality Data 

Pollutant 
load 
(T/hr) 

2nd Height 
Predicted 24Hrs 

Avg GLC 
(µg/m3) 

Revised 
pollutant 
load (T/hr) 

2nd Height Predicted 
24Hrs Avg GLC 

(µg/m3) 

SO2 50.3 254 4.4 20.2 24 

NOx 24.5 123 4.3 26.9 31 

PM10 6.1 22.9 2.7 14.1 81.4 

 

Predicted GLC of SO 2: Predicted 2nd height GLC is reported to be in the order of 20.2 

µg/m3 as against the uncontrolled emission scenario of 254 µg/m3. It can be noted that a 

significant reduction in GLCs can be achieved due to implementing various ENCON measures 

and clean technology options in thermal power plants, integrated iron and steel plants, 

aluminium smelters and steel rolling industries. The predicted SO2 concentrations were 

compared with that of the authentic published data and presented in Table.1 5. 

 

Predicted GLC of NO x: Predicted 2nd height GLC is reported to be in the order of 26.9 

g˃/m3 as against the uncontrolled emission scenario of 123 µg/m3. It can be noted that a 

significant reduction in GLCs can be achieved due to implementing various ENCON measures 

and clean technology options. The predicted NOx concentrations were compared with that 

of the authentic published data and presented in Table.1 6.     
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Predicted GLCs of PM : Predicted 2nd height GLC is reported to be in the order of 14.1 

g˃/m3 as against the uncontrolled emission scenario of 22.9 µg/m3. The predicted GLCõs is 

compared with reported baseline concentration which is presented in below Table.1 7.  

 
Table 15: Predicted  GLCs of SO 2 ð Post ENCON Measures and Clean Technology 

Options  

 

 
Location 

 
Coordinates 

Predicted concentration 
of SO2 (µg/m3) 

Published 
Baseline 

Concentration of 
SO2 (µg/m3) 

Uncontrolled 
Scenario 

Reduction 
Emission 
Scenario 

Brajrajnagar 
182079.74 m E 
2416375.25 m N 

62.3 2.3 7.2 

Lapanga Village 
191233.77 m E 
2405217.10 m N 

52.6 2.0 8.2 

Bomaloi Village 
192953.47 m E 
2402128.17 m N 

43.4 1.6 8.0 

Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

67.1 2.9 8.5 

Sripura Village 
193955.96 m E 
2410889.85 m N 

74.4 3.9 8.0 

Brundamal village 
192154.54 m E 
2414605.36 m N 

248.7 6.2 8.0 

Tarikela village 
189041.00 m E 
2410328.63 m N 

72.8 3.1 7.5 

Thelkoloi village 
190844.32 m E 
409845.99 m N 

78.6 3.6 8.2 

 
Table 16: Predicted  GLCs of NO xð Post ENCON Measures and Clean Technology 

Options  

 

Location Coordinates 

Predicted concentration 
of NOx (µg/m3) Published baseline 

concentration of 
NOx (µg/m3) 

Uncontrolled 
Scenario 

Reduction 
emission 
scenario 

Brajrajnagar 
182079.74 m E 
2416375.25 m N 

35.7 2.3 24.1 

Lapanga Village 
191233.77 m E 
2405217.10 m N 

24.8 2.0 29.8 

Bomaloi Village 
192953.47 m E 
2402128.17 m N 

23.1 1.8 29.1 

Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

34.9 2.7 25.2 

Sripura Village 
193955.96 m E 
2410889.85 m N 

38.4 3.4 28.8 

Brundamal village 
192154.54 m E 
2414605.36 m N 

122.5 4.4 26.3 

Tarikela village 
189041.00 m E 
2410328.63 m N 

41.7 3.1 24.9 

Thelkoloi village 190844.32 m E 44.5 3.3 29.8 
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2409845.99 m N 

 
Table 17: Predicted  GLCs of PM ð Post ENCON Measures and Clean Technology Option  

 

Location Coordinates 

Predicted Concentration 
of PM (µg/m3) 

Published 
Baseline 

Concentration of 
PM (µg/m3) 

Uncontrolled 
Scenario 

Reduction 
Emission 
Scenario 

Brajrajnagar 
182079.74 m E 
2416375.25 m N 

3.1 1.4 141 

Lapanga Village 
191233.77 m E 
2405217.10 m N 

2.4 1.5 86.6 

Bomaloi Village 
192953.47 m E 
2402128.17 m N 

2.0 0.8 81.7 

Gumkarama 
Village 

195297.80 m E 
2408625.96 m N 

3.6 1.8 80.4 

Sripura Village 
193955.96 m E 
2410889.85 m N 

4.5 2.0 84 

Brundamal village 
192154.54 m E 
2414605.36 m N 

6.5 3.5 83.4 

Tarikela village 
189041.00 m E 
2410328.63 m N 

4.7 2.2 75.4 

Thelkoloi village 
190844.32 m E 
2409845.99 m N 

4.6 2.7 78.8 
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Figure 12: Isopleths Showing Predicted GLC of SO 2 

 

Uncontrolled Emission Scenario -Predicted GLC of SO2 Envisaged Reduced Emission Scenario-Predicted GLC of SO2 

  

 

 

 

 

 

  












