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Synopsis: Considering the rapid development of industries 

and also the environmental regulations, the industries are 

obliged to obey the standards of the quality of their 

emissions and also the air quality of the working place. Air 

pollution is a burning problem in the present scenario and 

foundry industries are one of the contributors to air quality 

degradation.  Due to high costs in order to reach the desired 

level of air quality standards, it is necessary to choose the 

appropriate method which is cost effective. In order to 

minimize the emissions of existing treatment systems, the 

foundry operations along with the treatment systems were 

studied and the use of Six Sigma DMAIC methodology, is 

used along with quality tools like Pareto chart, Cause and 

effect diagram and Control chart with Minitab, a statistical 

software which provides a novel cost-effective method for 

monitoring and identifying the possible causes for emissions. 

The objective of the analysis is to minimize the emissions 

from foundry operations by suggesting suitable measures to 

control them. An attempt is also made to minimize the stack 

corrosion.                        

I. INTRODUCTION 

 

ir pollution is a burning problem in the present 

scenario and foundry industries are one of the 

contributors to air quality degradation. Manufacturing 

organizations are increasingly concerned about the 

potential impacts of their processes, activities and product 

on the environment [4]. Due to high costs in order to 

reach the desired level of air quality standards, it is 

necessary to choose a cost effective tool. Foundry 

practices mainly include melting ferrous, nonferrous 

metals and alloys and reshaping them in to products of 

finished shape by pouring and solidification of molten 

metal or alloy in to any mould. The foundry industry plays 

an important role in recycling of metals. Steel, cast-iron 

and aluminium scrap is casted into new products. Most 

possible hazardous environment effects of foundries are 

related to the presence of thermal process and the use of 

mineral additives. Emissions are the key environment 

problem that creates mineral dust organic carbons emitted 

from melting, sand moulding, casting and finishing. The 

present approach uses dust collector as an effective 

pollution control tool. In most of the plants, dusts are 

spread across the industrial site resulting in pollution. 

Effective dust control on foundries depends on initial 

design of machinery installation and operation. Dust 

control measures were not implemented in many 

foundries because of various aspects hence dust control 

and evaluation programs are in effect in only large 

foundries. Many of the materials contain metallic oxides 

and non metallic compounds in the form of loose 

particles. The hot gases mainly Carbon dioxide, carbon 

monoxide and sulphur dioxide from the burned coke and 

are in a form of a residue of fine ash. As the hot gases rise 

they trap some of the ash, as well as the tiny particles 

generated by change the materials, as a result they form a 

characteristic plume above the stack, thus the major 

pollutants are Particulate Matter and sulphur dioxide .The 

major constituents of Particulate Matter are organic and 

element carbon, metals elements like silicon, magnesium, 

irons, ions like sulphates, nitrates, ammonium etc. 

Composition of particulate matter varies from place to 

place depending upon sources present. Carbon monoxide 

is a colourless, odourless and poisonous gas. Incomplete 

combustion of carbon produces carbon monoxide. Unlike 

the individual gaseous pollutants, particles in the 

atmosphere are composed of a wide range of materials 

arising from a variety of sources. Concentrations of 

Particulate Matter comprise coarse particles, suspended 

soils and dusts, arising from combustion sources. Mainly 

sulphates and nitrates are formed by chemical reaction in 

the atmosphere. The relative contribution and composition 

of each source type varies from day to day, depending on 

meteorological conditions and quantities of emissions 

from mobile and static sources. The major barrier is lack 

of attitude towards adaptation and standard operating 

practice as it is economically inefficient. It would be more 

efficient if large particles are removed either by means of 

settling chamber or any other suitable device before 

passing through scrubber [6]. Emissions in the foundry 

industries are mainly due to the gases from fuel 

combustion in preheating furnaces, and electric arc 

furnaces. Emissions, especially from point sources depend 

on the efficiency of the control technology being used. 

Hoods are usually employed for emission control.  

 

The following are the most important parameters in 

emissions self-monitoring in metallurgical industries. Flue 

gases from the Induction Furnace: fugitive air emissions 

can be measured either on periodical or continuous basis. 

1.1 Periodical Measurements 

Periodical measurements give the state of 

emissions over the chosen sampling time. Quantities 

needed in every emission calculation, such as volume 

flow, oxygen content and humidity of the fume, are 

determined by periodical measurements.  

A 
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Periodical measurement results are also used as a 

support for converting the continuous concentration 

measurement results into annual emissions. Periodical 

measurements are carried out as manual single 

measurements or as short period continuous 

measurements by the plant itself or by an exterior 

measurer. 

1.2 Continuous Measurements  

The continuous measurements describe the 

temporal variation of the concentrations of the emission 

components during the operation.  

General requirements for continuous monitoring 

systems are that the sampling locations should be 

representative and that the monitoring equipment should 

be suitable for the concentrations to be monitored in the 

prevailing circumstances. The emission control data 

system should preferably be part of the process control 

system Sulphur dioxide, oxides of nitrogen and particulate 

matter are measured continuously. Pollution emitted from 

foundry industry is measured in terms of volume and the 

hazards it presents. Air pollutants in the atmosphere cause 

concern primarily because of their potential adverse 

affects on human health. The adverse human heath effects 

attributable to air pollution from foundry industry include 

acute conditions such respiratory illness and long term 

effects such as cancers and birth defects.  

1.3 The Numerous Organizational Barriers to Implement 

Pollution Prevention [5] 

The Numerous organizational barriers to implement 

pollution prevention are insufficient decision-makers 

support to Pollution Prevention. 

The Organizational structures separating environmental 

decisions and the resistance to change. The Organizational 

reward system not focused on Pollution Prevention and a 

fear that a Pollution Prevention project may jeopardize 

product quality and an insufficient infrastructure to 

Pollution Prevention.  

                                                 

II. PROBLEM DESCRIPTION 

 The Fugitive emissions in foundry 

industries result in air pollution which is the burning 

problem in the current scenario. The main sources of 

emissions in the foundry are particulate matter, sulphur 

dioxide and oxides of nitrogen, these emissions should be 

minimized for the increasing stringent emission rules 

imposed for the industries by the emission control board. 

An attempt has been made to minimize the fugitive 

emissions by using the Six Sigma DMAIC methodology 

and Minitab Software. 

2.1 SIX SIGMA DMAIC 

 Six Sigma program is a structured procedure for problem 

solving, represented by the Define – Measure – Analyze – 

Improve – Control (DMAIC) stages for improving the 

ambient air quality. 

The DMAIC sequences of steps are as follows: 

Define: 

Identification of issues that need to be measured 

and analysed by process mapping, where Process mapping 

is a workflow diagram to bring forth a clearer 

understanding of the foundry process. 

Process Mapping 

Fig 2.1 Process mapping of foundry 

Six Sigma philosophies is used to improve the 

ambient air quality in a foundry utilizing bag filter having 

192 fabric filters with reverse cleaning type, the  current 

environmental status of the foundry industry and the 

factors toxically affecting the environmental health of the 

people living in and around the industry was first defined. 

After assessment it was found that the particulate matter, 

sulphur dioxide and oxides of nitrogen emanating from 

the stack of the foundry were responsible for degradation 

of air quality. 

Measure 

 

The measure phase consists of collection of 

baseline data from the stack for particulate matter, sulphur 

dioxide and oxides of nitrogen emissions. Thirty samples 

were collected on Particulate matter, Sulphur dioxide and 

Oxides of Nitrogen. Considering the Confidentiality the 

readings are not presented. The measured samples were 

collected and recorded in Minitab software for further 

statistical analysis. 
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2.2 Calculated Values of Fugitive Emissions In Minitab 

Particulate Matter 

S.no Particulate emissions Calculated values 

1. Sum 6038.2 

2. Mean 201.27 

3. Standard deviation 57.63 

4. Range 198.1 

5. Median 201.2 

6. Total observations 30 

 

Sulphur Dioxide 

S.no 
Sulphur dioxide 

emissions 
Calculated values 

1. Sum 566.5 

2. Mean 18.8 

3 Standard deviation 2.5 

4 Range 9.5 

5 Median 18.9 

6 Total observations 30 

  

Oxides of Nitrogen 

S.no 
Oxides of nitrogen  

emissions 
Calculated values 

1. Sum 296.9 

2. Mean 9.9 

3 Standard deviation 1.4 

4 Range 6 

5 Median 9.7 

6 Total observations 30 

 

Analyze 

The measured baseline data is used in the 

analyzing phase for identification of the most dominant 

factor in the selected parameters(particulate matter, 

sulphur dioxide and oxides of nitrogen) using statistical 

quality tools like pareto analysis and  control chart for 

variables(X bar and R chart) using Minitab a statistical 

software. 

Improve 

In the improve phase an improvement plan was 

chalked out based on the results of the analysis phase 

using a statistical tool like cause and effect diagram in 

Minitab software. 

Control 

Based on the analyzed and improved data, the 

suitable parameters for reducing the emissions were 

identified and these parameters were controlled to obtain 

minimized emissions results. 

III. METHODOLOGY 

3.1 SIX SIGMA - DMAIC  

 The term “Six Sigma” originated at Motorola and 

many profitable and admired companies of the world have 

set goal towards a Six Sigma level of performance. Sigma, 

s, is a letter in Greek alphabet used to denote the standard 

deviations of the process/product. Standard deviation 

measures variations of the process average. Output from 

the process should be such that overall variability of the 

process is well within specification limit [2]. The Six 

Sigma DMAIC methodology is defined as „an organized 

and systematic method for strategic process improvement 

and new product and service development that relies on 

statistical methods and the scientific method to make 

dramatic reductions in customer defined defect rates. Six 

Sigma DMAIC has evolved from scientific management 

and continuous improvement theories by combining the 

finest elements of many former quality initiatives. The 

first phase is focused on understanding the process under 

investigation from the point of view of customers, 

suppliers and operators. The second phase seeks to 

measure current performance, the third to analyze 

contributors to poor performance and variation. The 

fourth phase uses the outputs of the earlier phases to 

define, test and operationalise improvements and the final 

phase seeks to ensure that changes are embedded, 

successful and, where appropriate, transferred to other 

processes[3]. Six Sigma DMAIC emphasizes Defining, 

Measuring and Analyzing variations in processes already 

in place. The use of the right tools after defining each 

process for measuring critical parameters throws up 

deviations which otherwise would have continued to exist. 

The central force of DMAIC is applied at removing 

process errors and eliminating wastage, which consumes 

resources to unmanageable proportions. Cash flow 

increases due to creation of additional revenue. Through 

this process although cost decreases and increased 

profitability can be seen. It is important that all 

professionals involved in Six Sigma implementation have 

proper Six Sigma training. Although Six Sigma training is 

relatively expensive, the financial benefits of supporting it 

greatly outweigh the upfront costs. The top-down 

approach of Six Sigma requires dedication and application 
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at all levels of the organization and on a continuous basis. 

The statistical methodology of Six Sigma sheds light on 

existing flaws and their causes after thorough analysis. 

Emphasis is placed on experimentation following analysis 

and redefining the processes and their goals. 

 

3.1.1 SIX SIGMA DMAIC Procedure [4] 

The sequence of steps of SIX SIGMA DMAIC is 

summarized below. 

Step 1: Define 

This phase is concerned with the definition of 

project goals and    boundaries, and the identification of 

issues that need to be measured and analysed by process 

mapping, where Process mapping is a workflow diagram 

to bring forth a clearer understanding of a process. 

Step 2: Measure 

 The goal of the measure phase is to gather 

information about the current situation, to obtain the 

baseline data on the current process performance, and to 

identify problem areas.  

Step 3: Analyze 

 The goal of the analysis phase is to identify the 

problems and to confirm those causes using the 

appropriate data analysis tools.  

Step 4: Improve 

 The goal of the improve phase is to implement 

solutions that address the problems identified during the 

Analyze phase. 

Step 5: Control 

 The goal of the control phase is to evaluate, 

monitor and maintain the results of the Improve phase. 

 

3.2 Quality Control Tools 

The Quality control Tools are Problem Solving Tools 

which can help to identify and prioritise problems quickly 

and more effectively, assist the decision making process, 

provide simple but powerful tools for use in continuous 

improvement activity and provide a way of extracting 

information from the data collected.  

Quality control tools used 

The various quality control tools used are: 

1. Pareto chart. 

2. Control chart. 

3. Cause and effect diagram. 

 

3.2.1 Pareto Chart 

 The Pareto Principle implies that we can frequently 

solve a problem by identifying and attacking its "vital 

few" sources; generally the vital few have the most 

accumulations and have relevance to other related 

problems. The Pareto Principle states that a few categories 

are responsible for most of the problems. The height of a 

bar represents relative importance of that aspect of the 

problem. The bars are arranged in descending order of 

importance from left to right. The bar displaying the 

biggest problem is always on the left. 

3.2.2 Control Chart 

The Shewhart control chart is still arguably the single 

most important statistical tool in quality control and 

improvement [1]. Extensive research by Dr. Shewhart 

indicated that by establishing upper and lower limits at 

three times the standard deviation of the process 99.73% 

of the common cause variation would fall within these 

limits. A process is said therefore, to be in statistical 

control, when the process measurements vary randomly 

within the control limits that is, the variation present in the 

process is consistent and predictable over time. Control 

chart is a statistical tool used to distinguish between 

variation in a process resulting from common causes, and 

variation resulting from special causes. It is a graphic 

display of the process stability or instability over time. 

The control chart, could also distinguish the two types of 

variation from each other, thus allowing for the 

elimination of special causes and the reduction of 

common cause variation.  

X-bar and R-charts 

 The principal types of control charts used 

to analyze variables data are X-bar and R-charts. X-bar 

and R-charts are used in conjunction with each other. The 

measurements describe a process characteristic and are 

reported in small subgroups of constant sizes (usually two 

to five measurements per subgroup). 

Various Trends in Control Charts 
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The various trends in control chart as shown above 

indicate the Common cause variations within a process 

are, by definition, random. Therefore, any non-

randomness indicates the influence of special causes. 

3.2.3 Cause and Effect Diagram 

 

It is a tool that is used alongside brainstorming and 

helps to identify, sort and display possible causes of a 

specific problem, it is otherwise be known as a Fishbone 

or Ishikawa Diagram. It illustrates the relationship 

between the outcome and the factors that influence it. The 

fishbone diagram organizes and displays the relationships 

between different causes for the effect that is being 

examined. This chart helps organize the brainstorming 

process. The major categories of causes are put on major 

branches connecting to the backbone, and various sub-

causes are attached to the branches. A tree-like structure 

results, showing the many facets of the problem. The 

method for using this chart is to put the problem to be 

solved at the head, then fill in the major branches. People, 

procedures, equipment and materials are commonly 

identified causes. 

IV. RESULTS ANALYSIS AND DISCUSSIONS 

The Six Sigma DMAIC methodology along with 

quality toolkit and Minitab software is used to identify the 

possible causes for the emissions. 

Pareto Chart on Average Fugitive Emissions 

Fig 4.1 

The Pareto chart shows the average fugitive 

emissions which is plotted from the measured data using 

Minitab. The key concentration is to be given to the 

particulate matter, which has the highest emissions result 

and the next major emissive gas is sulphur dioxide 

followed by oxides of nitrogen. Using this analysis the 

major contributing factor for degradation of the air quality 

is identified as particulate matter.  

Control Chart on Fugitive Emissions 

The control charts were plotted from the measured 

baseline data using Minitab software. 
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Fig 4.2 Control chart on particulate matter 

The above control chart gives the X-bar and   R-chart 

for particulate matter, since the range is within control, the 

sample mean is plotted and it‟s clear that the sample mean 

is out of controls which are indicated by red points. 
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Fig 4.3 Control chart on sulphur dioxide 

The above control chart states the sulphur dioxide 

emissions are well within control in sample range and 

sample mean for the recorded baseline data. 
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Fig 4.4 Control chart on oxides of nitrogen 

The above control chart states the sulphur dioxide 

emissions are well within control in X-bar and R-chart for 

the recorded baseline data. 

Revised samples  

After removal of the outliers, treating them as random 

causes the following control charts for fugitive emissions 

are obtained from the new base line data  
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Fig 4.5 Revised control chart for particulate matter 

The above control chart states the particulate matter 

emissions are well within control in X-bar and R-chart for 

the revised baseline data. 
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Fig 4.6 Revised control chart for sulphur dioxide 

The above control chart states the sulphur dioxide 

emissions are well within control in X-bar and R-chart for 

the revised baseline data. 

Sample

S
a

m
p

l
e

 
M

e
a

n

21191715131197531

25.0

22.5

20.0

17.5

15.0

__
X=19.13

UC L=24.78

LC L=13.49

Sample

S
a

m
p

l
e

 
R

a
n

g
e

21191715131197531

10.0

7.5

5.0

2.5

0.0

_
R=3.00

UC L=9.81

LC L=0

sample vs oxides of nitrogen

  

Fig 4.7 Revised control chart for oxides of nitrogen 

The above control chart states the oxides of nitrogen 

emissions are well within control in X-bar and R-chart for 

the revised baseline data. 
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4.3 Cause and Effect Diagram 

 

Fig 4.8 Cause and Effect Diagram for Fugitive Emissions 

The cause and effect diagram shows the major causes for 

fugitive emissions. 

Cause 1 

The filter should be cleaned regularly to improve the 

filtration, but when the filter is cleaned only at the 

servicing period, the servicing pressure to be supplied to 

clean the filter is greater, it result in tampering the filter 

material with less dust accumulation and the uncleaned 

gas enters the tampered area without undergoing filtration  

Cause 2 

The pulse interval is the time in which compressed air 

is blown over the filter materials to reduce the dust 

accumulation. The pulse time should be minimum of five 

seconds to reduce the dust entrapment along the surface of 

the filter, but when the pulse time is more than fifteen 

seconds unclean gas takes the path of least resistance and 

rushes to the most recently cleaned row of bags. This 

factor causes increase in particulate emissions.  

Cause 3 

The sulphur dioxide which is present in the uncleaned 

gas at the inlet causes corrosion in the wall plate. This 

produces cracks in the wall plate internally and the gas 

escapes to the stack without completing the filtering 

process and the overall filtering capacity of the bag house 

is reduced and thus corrosion in wall plate, gas 

transporting ducts and stack occurs due to presence of 

sulphur and also causes the particulate matter to increase  

Cause 4 

The use of unclean scrap results in increase in sulphur 

dioxide emissions, which causes corrosion in wall plate of 

the reverse jet bag house and stack and also causes oxides 

of nitrogen emissions. The use of binder bentonite 

influences the increase in sulphur dioxide which sticks to 

the scraps.  

V. CONCLUSION 

In this paper an attempt has been  made to use Six 

Sigma to define measure, analyse, improve and control 

the fugitive emissions from the foundry and various 

elements of the Six Sigma toolkit such as cause and effect 

diagram, pareto chart and control charts have been used to 

discover the root causes for the problem and encounter 

necessary action and control chart based on variables have 

been used to improve the air quality .Six Sigma 

philosophies offer the potential to refine current 

approaches towards prevention of emissions. It is 

concluded that careful supervision must be carried out on 

the bag house filter material, regular maintenance and 

cleaning should be done to reduce the impact of emission 

and reducing the dust and grease in scrap will increase the 

ambient air quality on a longer run. The methodology 

raises several questions for further research in terms of 

how the six sigma model will perform in a practical 

situation with respect to ease of use, understanding of 

tools and approach and the financial and other benefits 

that will be gained by the organisation. It is necessary to 

establish the resource requirements for applying this 

model in comparison with the likely benefits. This could 

be through the use of a questionnaire that assesses the 

practicalities of the application of the model. A further 

interesting point would be to investigate the relationship 

between when the model is applied in a company and its 

effectiveness and also benchmarking another dust 

collector with the existing one. These issues will be the 

focus of further research in this area. 
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