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Abstract - A Compressor is a very important component for CNG (Compressed Natural Gas) production. Basically the 
compressor transforms the natural gas into high pressurized CNG which is in future used as fuel for cooking, industrial and 
transportation purpose. It has been observed major and minor leakages during the production of CNG. So in this report we 
have tried to apply DMAIC (D- Define, M-Measure, A-Analyse, I-Improve, C-Control) methodology to reduce leakage of 
gases from compressor. Since implementing full pledged six sigma is a costly and time consuming approach, we can apply 
DMAIC in this process which can increase the process capability of CNG production and ensuring reduced leakage, thus 
ensuring better financial return. 
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I. INTRODUCTION 
 
If we look into today’s world we can see that quality 
improvement is engulfing almost any process, be it 
industrial or service sector. They are starting to adopt 
the Japanese principle ‘Kaizen’ or ‘Continuous 
Improvement’ in quality. Because by adopting the 
quality improvement approach it has been seen that it 
had increased level of satisfaction among the 
customers and also increase in financial return to the 
practising organization by reducing defects and 
increasing their market. So to do quality improvement 
there had been many approaches. Out of them Total 
Quality Management (TQM) revolutionized the 
quality improvement approach. The basic principle of 
TQM was Kaizen. Though TQM proved to be 
revolutionary still there was scope of improvement in 
case of reducing defects. So in the 1980s Motorola 
started adopting new quality improvement approach 
by implementing more statistical tools into it which 
later came into known as ‘Six Sigma’. There are four 
surges of considered Six Sigma as 1) Statistical 
device 2) Operational rationality of administration 3) 
Business culture 4) Analysis approach (Raman et.al 
2017). Desai and Patel (2010) stated that Six Sigma is 
a breakthrough strategy having multidirectional 
benefits in relatively shorter duration of time. Six 
Sigma delivers substantial cost reductions, enhanced 
efficiencies, sustainable improvements and increased 
stakeholder value (Sharma, Gupta and Shaini 2018). 
Six Sigma is highly effective because this approach 
ensures that defects not more than 3.4 PPM (Parts Per 
Million). 
But if we want to implement full pledged Six Sigma 
into any industry we have to implement more human 
resources consisting of a think-tank which will have 
personnel like Master Black Belt, Black Belt and 
Green Belt in Six Sigma. And besides the industry 
may need to implement more instruments to achieve 
level in Six Sigma. So this requires a good amount of 

investment. Many industries don’t want to implement 
these steps. Developing countries like India is still not 
utilising Six Sigma in full potential (Desai and Patel 
2009). Only 5% of the respondents in Indian 
automobile organisations claim to follow Six Sigma 
(Desai and Shaikh 2017). But in Six Sigma there is a 
concept called DMAIC (D- Define, M- Measure, A- 
Analyse, I- Improve, C-Control), which we can 
implement in even low scale industries ensuring high 
financial return. So in this report we tried to 
implement the DMAIC methodology in an industry 
 
II. INDUSTRY OVERVIEW 
 
The industry which has been considered for study is 
GL (Name has been changed due to confidentiality 
purpose). GL incorporated on 7th October, 2005 as 
Public Limited Company, registered in Lucknow to 
implement CGD projects in Lucknow & Agra as per 
directive of MoP& NG. This industry mainly 
focusses on the production of CNG (Compressed 
Natural Gas) & PNG (Piped Natural Gas). One of the 
main reasons of global warming is excessive usage of 
Petrol and Diesel for combustion purpose. But instead 
of using petrol and diesel if we natural gases the 
pollutions will be pretty much lower than them. CNG 
is mainly used vehicles and PNG is mainly used in 
industries and domestic purposes like cooking. 
 
III. INDUSTRIAL PROCESS 
 
The case study which has been presented here was 
done in a company which distributes CNG and PNG. 
The company buys natural gas from GAIL and sells it 
as CNG and PNG in the market. The distribution 
process of CNG and PNG is different. 
 
For CNG Distribution, 
1) Natural gas is bought at the pressure of 16-19 bar 

from GAIL at City Gas Station. 
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2) The gas is compressed using 3 or 4 stage 
compressor to a pressure of 190-250 bar. 

3) Then it goes to the dispenser. There are two 
kinds of dispenser. One of which dispenses the 
CNG to the vehicles which works on CNG and 
the another one dispense it to the LCV (Low 
Carrying Vehicle) which will carry the CNG to 
daughter booster (DBS) CNG station*. 

 
For PNG Distribution, 
1) Natural Gas at inlet pressure of 1619 bar is 

supplied to the DPRS (District Pressure & 
Regulating Station). 

2) At DPRS the pressure is reduced to Approx. 4 
bar. 

3) Then the PNG is supplied to industries 
(according to the requirement of customer 
generally 300, 500 mbar and 1 & 2 bar)    and 
domestic households at pressure of 21m bar. 

(*There are 4 types of CNG station, Mother, 
Daughter Booster, Daughter and Online CNG Station. 
In Mother Station they compress the natural gas and 
also dispense it. Daughter Booster also does the same 
instead they use the booster compressor. Daughter 
station is being supplied with CNG by the LCVs 
which come from mother and daughter booster 
station. Online station gets its supply directly from 
Mother Station using pipelines.) 
 
IV. DMAIC PHASES 
 
DMAIC process consists of 5 phases (Montgomery 
2009), 
I. Define: In this step we identify the project 
opportunity. What are the factors that are CTQs 
(Critical to Qualities). We try to construct the SIPOC 
(Supplier-Input-Process-Output-Customer) diagram 
and try to focus the areas which are needed to 
concentrate. Basically we try to find the scope of the 
project. 
II. Measure: In this process we evaluate and 
understand the ongoing process. This step involves 
mainly collection of datas and application of different 
statistical approach to evaluate it quantitatively. 
III. Analyse: In this step we try to determine the 
potential causes of failures, defects, quality problems, 
customer issues, cycle time and throughput problems, 
or waste and inefficiency that motivated the project. 
IV. Improve: In this step we try to implement our 
creative thinking or we conduct a brainstorming 
session to find the possible solution of the causes that 
we got from the analyse step. 
V. Control: In this step we try to complete all 
remaining work that are required for the completion 
of the project and handover the possible improve 
solution to the company owner. We also try to check 
that the improvement criteria that we have suggested 
are truly beneficial for the company or not. Again it 
depends upon the company whether to implement it 
or not. 

This complete DMAIC process is fully iterative. If 
the improvement criteria that we suggested are not 
proved to be useful again we have to start process 
from complete beginning. Even we are getting 
slightest improvement in the quality we shouldn’t be 
disheartened and we should try to refine the 
improvement step. 
 
V. CASE STUDY 
 
The case study has been conducted at a CNG Station 
(Mother) in the city itself. It has been reported from 
the company that their expected profit is going below 
every year. The exact values have not been revealed 
by the company. So to find the issues we studied the 
CNG production process first and tried to investigate 
the reasons of decreasing profit rate. 
 
VI. DEFINE PHASE 
 
This is the first step for the DMAIC phases and the 
team is formed to conduct the DMAIC methodology. 
The team consists of Fire and Safety Officer, PO&M, 
Operator of the company and the author of the paper. 
Initially the company persons gave a presentation 
about how the production of the CNG and PNG 
happens in their retail outlet. After that we visited the 
production site and we studied all the details about 
machineries (Compressors and Dispensers).A SIPOC 
diagram is constructed (Fig 2). After that we 
conducted a session among the company persons and 
tried to find what the main issues that are creating 
problem at their production site. After the session we 
found that the constant NG and CNG leakage is 
creating a problem in the company. There are other 
problems also but the company has well efficient 
problem to tackle that problems. 
 
CTQ: 
The constant NG and CNG leakage are identified as 
the CTQ (Critical To Quality). Because the sole 
resource of income of this company is dependent 
upon the retail of CNG and PNG. Leakages of gases 
directly affect the profit of the company). It has been 
reported that there is leakage of gases almost 
everyday. We can’t reduce the leakage of the gases 
from the equipment to ‘0’. But we can try to 
minimize this leakage and ensure better financial 
return to the company. For this purpose we conducted 
a session about the source leakage. The main sources 
identified as the compressor, third party, dispenser, 
pipes and leakage during transportation of CNG. 
Third party means that the leakage has happened due 
to the influence of external factors like people, 
natural disaster or other people trying to do 
underground related work thus affecting the pipeline 
system which was supposed to carry the gases. We 
collected datas of past 6 months about frequencies of 
accountable leakages that were happening from these 
resources and plotted into Pareto Diagram (Fig 1). 
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From the Pareto diagram we observed that the 
compressor leakage is almost accountable for 61% of 
leakages and compressor and third party contributed 
almost 82% of the leakage. Since we can’t control the 
third party leakages we shifted our focus to the 
compressor and tried to optimise the production from 
it. 
The main gas leakage is happening mainly in the 
‘Input’ and ‘Process’ steps. So we need to focus 
mainly on this step to tackle this situation. There are 
total 3 compressors working in the station, two of 
them are from Dresser Rand (DR1, DR2) and one is 
Chicago Pneumatic (CP). It has been seen that DR2 
has been reported with maximum number of leakage 
problems. We specifically investigated the issues 
with DR2. 
 

 
Fig 1: Pareto Analysis to Identify Major Source of Leakage 

 

 
Fig 2: SIPOC Diagram of CNG Production 

 
VII. MEASURE PHASE 
 
For the measure phase we collected the datas of 
amount gas leakages from the compressor for the past 
two months. As we know, the steps associated with 
the CNG production, the losses of natural gas from 
the compressor can be given, Total Loss= Flow at 
Suction-(Flow at Engine + Flow Discharge).The 
datas of percentage losses of the month April-May 
2018 has been collected. While collecting the datas 
we found that some of the percentage loss values are 
ridiculously high and negative.  So for the 
measurement purpose we haven’t considered those 
values as those values are associated with either 
negligence or high level human error. 
We have done the capability analysis of the 
percentage losses that happened for the month of 
April-May 2018 (Fig 3). Process capability indices 
(PCIs) are a type of process performance assessment 
tool commonly used in industry. In addition to 
providing numerical measures of whether or not a 
manufacturing process is capable to meet a 
predetermined level of production tolerance, they are 
also a convenient and effective tool to facilitate 

communication among engineers. In the last two 
decades, numerous statisticians and quality engineers 
have investigated PCIs with the aim of improving the 
assessment of both process potential and performance 
(K.Chen, H.Chen and Chang 2017). For doing the 
capability analysis the upper limit for percentage gas 
leakage has been considered as 1% and lower limit 
should be by default ‘0’. After doing the capability 
analysis we got 0.13 and 0.30 as the PpK and CpK 
values respectively, which is very much low from the 
ideal value of 1. This indicates that there is high 
amount of discrepancy in the compression process. 
The compression process needs to be improved. The 
current process is not capable. 
 

Fig 3: Capability Analysis of percentage of Gas leakage 
associated Compressor DR2 

 
VIII. ANALYSE PHASE 
 
For the Analyse phase at first we have plotted the 
collected data in I-MR chart (Fig 4). The IMR chart is 
selected because if we analyse the percentage loss 
datas we can see that all the datas are collected 
continuously and there is no subgroup while the 
collection of datas. The graphs have been done on the 
Minitab. 

 

 
Fig 4: I-MR Chart for percentage loss of gas from the 

Compressor DR2 during April-May 2018 
 
For the analysis purpose total 61 datas have been 
collected. But 12 datas have been eliminated due to 
their association with huge human error. So the 
graphs that have been obtained are discontinuous. If 
we analyse the I-Chart the 4th, 6th, 40th, 41st, 42nd 
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points are outside the upper control limit. 5th and 7th 
points are above +1σ and +2σ limit respectively. But 
the observed pattern is stratified. By analysing the 
data we can say that the process is out of control. If 
we analyse the MR-Chart the 33rd, 34th, 35th, 36th 
points are outside Upper control limit. 3rd and 5th 
points are above +1σ and +2σ limit respectively. The 
observed pattern is almost stratified but there are 
many points that are outside the required limit. The 
process is out of control. That means we have to 
address the issues related with the DR2 compressor. 
To analyse the issues in more detailed way we have 
conducted a gemba study at the natural gas 
production site. At first we tried to analyse where are 
the specific locations from where the gas leakage may 
happen in and in the vicinity of compressor. After 
that we have conducted a brainstorming session 
discussing about what are the key variables that are 
responsible for the gas leakage. The key variables and 
causes are pictorially plotted in the Cause & Effect or 
Fishbone Diagram (Fig 5). If we see the Cause-Effect 
diagram, the key variables that we found out were 
Machine, Assembly, Maintenance, Measurements, 
Material and Human Factor. After a brainstorming 
session we decided to concentrate upon the factors 
under the key variables Machine and Maintenance. 
Other key variables also pay a major role, but the 
industry has well equipped methods to tackle that 
issues. In case of maintenance we concentrated on 
cleaning of fins and the belt drive and in case of 
machine we have considered all the parameters. 
 

 
Fig 5: Cause and Effect Diagram of Gas Leakage from 

Compressor DR2 
 
IX. IMPROVE PHASE 
 
If we see the analyse phase we can see that there is 
very little scope of implementing different statistical 
tool. So to make the compressor to waste least 
amount of natural gas we can suggest some of the 
sophisticated engineering instrument and techniques. 
These things required some good amount of initial 
investment. To reduce the gas leakage from the 
compressor the following techniques can be adopted, 
 
1) Ultrasonic Leak Detector: 
To reduce the wastage of natural gas at first we must 
identify the sources of natural gas leakage correctly 

and as first as we can. Since a compressor produce 
huge amount of noise it is difficult to detect leakage 
by noise unless it is a major leak. This device consists 
of directional microphones, amplifiers and audio 
filters and they can detect high frequency hissing 
sound which can’t be detected in normal human ears 
(Fig 6). It is a compact instrument and portable. A 
display or headphone is attached to the instrument, 
plant personnel can take the instrument with him and 
can detect the location of the leak during his regular 
maintenance visit. 
 

 
Fig 6: Ultrasonic Leak Detector 

 
2) Organic Vapour Analyser: 
It is a hydrocarbon type detector. It is a very precise 
instrument which measures the concentration of 
organic vapors over a range of 9 to 10,000 ppm. As 
the main constituent of natural gas is Methane (95%), 
this is ideal instrument to detect the leak. (Fig 7) 

 

 
Fig 7: Organic Vapour Analyser 

 
3) Vibration Dampener: 
As most of the mechanical defects happens due to 
excess vibrations generated from the compressor. If 
we use proper dampening technique in the 
compressor most of the vibration will reduce there by 
increasing the compressor life. And if the compressor 
life is increased there will be very less chance in gas 
leakage. 
 
4) Proper Maintenance Schedule: 
If we go through maintenance schedule we have 
observed some of the components like valve, belt, 
bearings etc. needs to be changed after regular 
interval of time. If we plot working life of each of the 
components in a sheet, we will have an idea after how 
much time the components need to be changed. If 
huge deviation in time is happening we can address 
the issue specifically that it may happen due to other 
issues. 
These are the some ways which we can utilize to 
reduce the gas leakage. Again if we want to reduce 
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gas leakage the maintenance team should be well 
equipped in terms of instrument and knowledge. 
X. CONTROL PHASE 
 
This is the final stage of DMAIC. For the control 
phase we suggested the company the solutions we 
discussed in the improve phase (Fig 8). Since it 
depends upon the company whether to implement it 
or not and the official was reluctant to use it we 
couldn’t show the improvement. 
 

 
Fig 8:  Instruction for Supervisor and Maintenance Personnel 

 
CONCLUSION 
 
The industry has a dedicated department for 
maintenance and retailing of CNG and PNG. As 
CNG and PNG are their sole resource of income, it 
depends upon the maintenance and quality 
department to maximise the profit of the industry by 
reducing the amount of CNG wastage. In this report 
we have tried to show how we can apply DMAIC 
methodology in case of CNG wastage. At the 
measure phase we have seen that the production of 
CNG is not at all capable and in the analyse phase we 
saw there are many opportunities that a compressor 
can fail to produce CNG in proper way. Overall the 
CNG production is needed to be improved. Since the 
industry has a strict regulations and protocols and 
management was not willing to co-operate, the 
control phase was not implemented. It might be seen 
that to implement the improve stage it requires some 
initial amount of investment. But if we implement it, 
the return of investment will be pretty much higher. 
The industry could have a dedicated quality control 
team or at least they could take some help from the 
quality control experts from other institutions to 
optimise their production. 
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