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Abstract: Energy is the backbone of human activity. Energy consumption is increasing rapidly worldwide 
to sustain the modern way of living with all amenities. Energy, being an indisputable input, optimizing its 
utilization helps minimize the cost and environmental pollution. Many companies worldwide are 
continuing to achieve improvements in business performance using the Six Sigma methodology. Six Sigma 
is a generally recognized approach that focuses on optimizing an enterprise's organizational efficiency, 
management strategies, and systems by detecting and avoiding 'flaws' in processes relevant to production 
and services. By developing a Six Sigma methodology-based energy management plan, a company can 
simultaneously find a systematic way to reduce energy consumption and operating costs. This study 
discusses a six-sigma-based energy management planning procedure, focusing on five significant steps: 
define, measure, analyze, improve, and control. An overview of the standard energy-consuming equipment 
in manufacturing industries is provided. Different energy-saving opportunities are then investigated. 
Finally, this article presents case studies of varying energy conservation and efficiency projects that 
successfully implemented the Six Sigma methodology. 

 
 
 

1. INTRODUCTION 

There has been a significant increase in demand of electrical energy in our daily livings day by day. 
Most of our daily activities would involve using electrical devices that require adequate electrical power 
depending on the types of devices being used and the frequency. For example, refrigerators, fans, 
computers, and internet use require electricity in this new globalization era. Energy, being an indisputable 
input, optimizing its utilization helps to minimize the cost and environmental pollution. Many companies 
worldwide are continuing to achieve improvements in business performance using the Six Sigma 
methodology. 

Six Sigma is a generally recognized approach that focuses on optimizing an enterprise's organizational 
efficiency, management strategies, and systems by detecting and avoiding 'flaws' in processes relevant to 
production and services. By developing a six-sigma methodology-based energy management plan, a 
company can simultaneously find a systematic way to reduce energy usage and operating costs. 

2. ENERGY CONSERVATION AND ENERGY EFFICIENCY IMPROVEMENT 

Energy conservation refers to the reasonable and productive use of energy to increase profits (reduce 
costs) and improve competitive positions. Another concept notes that energy management technique is to 
modify and maximize energy use efficiency, use systems and processes to minimize energy needs per unit 
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of production while retaining or reducing the overall cost of generating output from these systems. The 
method of monitoring, controlling, and conserving energy in a building or organization is energy 
management. The control of resources is not by chance/event/ disaster. It is a mission with a target. It may 
not be achieved single-headedly or sitting on a bench but involves concerted action for a milestone to be 
developed by teams of energy-conscious individuals. An energy management policy must be built based 
on the energy efficiency goal. 

 Energy management is the way of managing and reducing the energy use of companies, and this is 
important because it allows you to: 

1. Cost reduction: as electricity prices increase, this becomes more necessary. 
2. The company may be willing to minimize its carbon footprint and foster a green, healthy 
reputation by eliminating carbon emissions and the environmental harm they cause, as well as the 
cost-related effects of carbon taxes and the like. 
3. Reduce risk: the more energy you use, the higher the chance your profitability will be seriously 
impacted by energy price spikes or supply disruptions, or even making it difficult for your business/ 
organization to survive. The first step in reducing energy-related risks is to improve energy 
efficiency within company processes. Moreover, industries that effectively use energy supplies are 
less vulnerable to fluctuations and price increases (Global business network, 2007). The three forms 
of business risk, including 1) competitive risk, 2) financial risk and 3) reputational risk, can be 
successfully mitigated by energy efficiency. 

Lee et al. (2014) performed a complete study where the authors show Six-Sigma approach to energy 
management planning which is shown in figure 1. 

 

 
Figure 1. Energy management plan flow chart 
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3. SIX SIGMA METHODOLOGY 

Using the Six Sigma approach, numerous firms worldwide continue to make advancements in 
corporate efficiency. Statistically, Six Sigma refers to a system in which at least six times the standard 
deviation of a process is the range between the mean of a process quality calculation and the closest design 
limit (Fursule et al., 2012). It is a disciplined approach and technique for removing defects in any 
operation, guided by results. Overall, Six Sigma's primary goal is to concentrate the procedure on the 
target and reduce the difference in the process. In practice, Six Sigma is also known as a problem solver 
that lowers costs and boosts customer loyalty. As a metric, if a method performs at the level of Six Sigma, 
it can create non-conformity (i.e., defects or errors) at a rate of not more than 3.4 defects per million 
opportunities (Ansari et al., 2009). 

Six-sigma involves a systematic procedure that comprises five stages known as DMAIC. In other 
words, DMAIC phases stand for Define, Measure, Analyze, Improve and Control. The objectives, 
statistical techniques, and the variables involved in energy conservation are given below: 

3.1. Define  

The first step is to define a team and budget, like an Energy director, Project engineer, Maintenance 
supervisor, Department representative. For executing an energy conservation strategy, fair budgeting is 
crucial. Under market rules, this should be made available. At the start of the year, budget distribution 
should be known to the energy team. Define team and budget flow chart (Lee et al., 2014) is shown in 
figure 2. 

 
Figure 2. Define team and budget flow chart 

3.2. Measure 

It is possible to use an energy audit to assess efficiency in energy management. Understanding how 
electricity is used will assist the company in evaluating existing efficiency and recognizing energy-saving 
opportunities. Either an internal audit team(s) or an outside service will carry out an energy audit. External 
assistance, including those offered in the US by Industrial Evaluation Centers, will look at simple energy 
use activities and not participate in particular core procedures necessary to develop or maintain a 
commodity. The value of an internal audit is that for a given process, the energy staff will be more familiar 
with the production process and more comfortable making recommendations for energy savings. After 
collecting data and performing an audit, the audit data needs to be analyzed. A flowchart is shown in 
figure 3 on measuring company energy performance (Lee et al., 2014). 
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Figure 3: Measure performance flow chart  

3.3. Analyze 

The audit review results allow a company to understand current energy demand better and evaluate 
the appropriate budgets for executing an energy management strategy. Opportunities for saving electricity 
are defined when the cost savings, cost of implementation, and payback time are measured. The findings 
will be included in the creation of targets for energy saving and an action plan. The first step is to identify 
any opportunity to save. For example, the audit data shows that a machine's surface temperature is above 
the safety requirements, so installing insulation is the saving chance for a device. Performing an economic 
analysis also helps in cost saving. Detail flowchart of how to analyze energy audit data is shown in figure 
4 (Lee et al., 2014). 

 
Figure 4. Analyze audit data flow chart   

3.4.    Improve 

The next step is to maximize system performance until the audit data has been evaluated. The tasks 
include (1) the establishment of an energy conservation objective and (2) the planning of an action plan. 
After the action plan has been explicitly stated, the next move is to initiate the execution process. An 
energy management strategy can be made or destroyed by humans, so it is crucial to obtain the approval 
and participation of key entities within the organization at various levels. The system efficiency 
improvement flow chart (Lee et al. 2014) is shown in figure 5. 
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Figure 5. Improve system efficiency flow chart 

3.5. Control 

A monitoring strategy is required in energy management to (1) track the success of implementation, 
(2) keep implementation manageable, (3) monitor the savings sustained, and (4) inspire personnel to 
pursue development. The testing progress will be carried out by annual/ monthly updates indicating 
progress on any undertaken work. Per month, these reports will also track the electrical bills and show a 
decrease in electrical use. Precise control and monitoring strategy are shown in figure 6 (Lee et al., 2014). 

 

 
Figure 6. Control operations and motivate employees 

4. CASE STUDY 

4.1. Case Study 1 

Razali et al. (2014) performed a case study to improve energy conservation using six-sigma at the 
Faculty of Computer and Mathematical Sciences, Universiti Teknologi Mara. The electricity consumption 
of the facility was increasing day by day. The total electrical consumption for 2011 was 1, 648, 791 kWh 
and 1, 657, 808 kWh in 2012, which increased by 0.5% (9017 kWh). From the results obtained, it showed 
that air-conditioner (57%) was the primary factor that contributes to high consumption of electricity, 
followed by lightings (22%), sockets (16%) and others (5%). They also found that the electrical 
consumption was almost doubled when the new semester began. After the campaign (Six sigma 
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implementation), there was a reduction of 2% in electrical consumption in this facility. 

4.2. Case Study 2 

Kaushik et al. (2008) performed a case study collecting data from a thermal power plant. In a thermal 
power plant pursuing energy efficiency, the Six Sigma approach has been introduced. A costly input 
content is de-mineralized (DM) water in this plant. It has been observed that a 0.1 percent increase in the 
use of DM make-up water raises the cost of generation by around US$ 0.2 million per year. Six Sigma 
project guidelines have been found to minimize the total water make-up from 0.90 percent to 0.54 percent 
of the cumulative, continuous rating (MCR), resulting in total energy savings of about US$ 0.74 million 
per annum. 

In their study, they identified that DM water loses during regular service from the combined cycle due 
to the following reasons: 

1. boiler tube leakage and more extended operation of boiler tube leaks  
2. valve passing: 

a. passing due to undersize of actuators.  
b. passing of valves due to incorrect limit transfer setting.  
c. passing of drain and vent valves. 
d. blowdown opening for silica and conductivity test.  

3. gland leaks from pumps 
4. leaks from HP / LP pipelines. 

4.3. Case Study 3 

Kane et al. (2003) performed a case study to improve boiler soot blowing.  The boiler operating 
procedure calls for soot blowing once per day to remove deposits formed on the boiler heat transfer 
surfaces because of burning fuel oil. The operator log indicated that soot was only being blown 39% of 
the time. Soot blowing frequency is set arbitrarily by procedure, with no attention to pre-and post-blow 
boiler efficiency or the cost of operating the soot blowers. Boiler stack temperature was averaging 81°F 
above standard, eroding boiler efficiency by 2% and costing $40,000/year in additional fuel costs. The 
study objective was to improve boiler efficiency by 1.2% by reducing the average stack temperature to 
50°F. The team members measured initial SIGMA score was -0.86, and the final score was 0.58, which 
was a 1.44 Sigma improvement. After the SIX SIGMA implementations, the benefit was $26,000 per year 
of fuel savings. 

4.4. Case Study 4 

Kane et al. (2003) reported another case study to improve micronizer steam condensate heat recovery. 
The project team initiated an aggressive survey program to check the plant's instrument and tool airlines. 
Power operators were encouraged to find leaks and identify wasteful uses of instruments or tools air as 
well. Leaks were tagged as they were identified, and work orders were subsequently written to repair the 
leaks. The power operators followed up with the area to ensure that the work orders were completed. They 
also worked with the areas to correct wasteful practices. The survey program reduced the average plant 
air demand to 654 scfm, about 7% of the original demand. The control plan for the project established an 
ongoing survey program that had the operators auditing a portion of the air system every quarter. Survey 
activities were set up in the plant's preventive maintenance (PM) system, and a history of all compressed 
air work orders was maintained. A summary of all the case studies is shown in Table 1. 
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Table 1: Summaries of case studies 
Case 
study 

Problem statement Objective Benefit after Six 
Sigma implementation 

1 The electricity consumption at the Faculty of 
Computer and Mathematical Sciences, Universiti 
Teknologi Mara increased day by day. The total 
electrical consumption for 2011 was 1, 648, 791 
kWh and 1, 657, 808 kWh in 2012, which increased 
by 0.5% (9017 kWh). 

Decrease the 
electricity 
consumption of the 
facility 

After the Six sigma 
implementation, there 
was a reduction of 2% in 
electrical consumption 
in this facility. 

2 A costly input content is de-mineralized (DM) 
water in a thermal power plant. It has been 
observed that a 0.1 percent increase in the use of 
DM make-up water raises the cost of generation 
by around US$ 0.2 million per year. 

Decrease the 
generation cost 
through proper use 
of de-mineralized 
(DM) water. 

Six Sigma project 
guidelines had been 
found to minimize the 
total water make-up 
from 0.90 percent to 
0.54 percent of the 
cumulative, continuous 
rating (MCR), resulting 
in total energy savings 
of about US$ 0.74 
million per annum. 

3 The boiler operating procedure calls for soot 
blowing once per day to remove deposits formed 
on the boiler heat transfer surfaces because of 
burning fuel oil. The operator log indicated that 
soot was only being blown 39% of the time. Soot 
blowing frequency was set arbitrarily by 
procedure, with no attention to pre-and post-blow 
boiler efficiency or the cost of operating the soot 
blowers. Boiler stack temperature was averaging 
81°F above standard, eroding boiler efficiency by 
2% and costing $40,000/year in additional fuel 
costs. 

Improve boiler 
efficiency by 1.2% 
by reducing 
average stack 
temperature 50°F. 

$26,000 / year fuel 
savings 

4 190 million pounds of steam per year at a 
variable cost of $663,000 were required to heat 
filtration area wash water. Hot steam condensate 
from the micronizing process was recycled to a 
head tank and reduced the steam needed for 
heating. The condensate that was not recycled 
overflowed the seal tanks as waste. Waste heat 
was rejected at a rate of 184 million Btu/hour. 

Reduce the 
steam required to 
heat the wash water 
through increased 
condensate 
recovery by 116 
million pounds per 
year resulting in 
$405,000 savings. 

$577,000/year 
energy savings 

5. CONCLUSION 

 Applying Six Sigma shows that the market is taking a small step towards energy conservation. When 
Six Sigma finds its proper place in the energy-intensive process industry, it can still expect tremendous 
benefits from its application. The Six Sigma technique is highly effective for optimizing the efficiency of 
any industry. It is critical to have an energy management strategy and an energy management team in 
place as part of a company's effort to reduce energy costs. The energy team will pursue the process to 
develop management participation, execute energy assessments, enforce the action plan, control 
compliance, and create a quality performance rewards scheme. In making progress in energy 
management, having a well-organized and committed energy team is critical. 
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