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Abstract 

The utilities sector is pivotal to modern societies and consists of segments like 

transportation, telecommunications or energy. Still, of the evaluation done, little to no 

research was conducted regarding the application of Lean Six Sigma (LSS) 

methodologies in this sector, even though they have provided excellent results in other 

areas such as healthcare, finance or services. 

This research gap in the study of LSS methodologies becomes more significant as the 

utilities sector has been the target of a significant overhaul in the last decades, changing 

from state-owned companies to fully private and competitive companies. These support 

their business in IT systems and infrastructures that not always perform as they should.  

This thesis details an application of LSS, more precisely the use of a DMAIC cycle, in 

the utilities sector as well as presenting the obtained results. It also discusses how 

innovation can arise from continuous improvement tools such as LSS. 

The application of the DMAIC cycle was done to improve the quality of some of the IT 

systems of a Portuguese utilities company. Before the use of LSS, users had strong and 

frequent complaints about the IT systems that they used and it was important to change 

this perception. After the application of the DMAIC cycle, a very positive outcome was 

obtained, where there was a significant drop in the incident rate in IT systems (almost 

80% over 20 months), showing the usefulness and important improvements. 

Still being a single example further experimentation should be done in order to replicate 

these findings. 
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1 Introduction 

Over the last decades, countless ideas have spun out regarding what is the best way to 

be innovative and how to manage people and companies (Wren & Bedeian, 2008). 

There are concepts accepted as correct, other wrong and others completely out of the 

ballpark. Still, there are several studies evaluating the veracity of such ideas. One, that 

has been gaining steady momentum since the 1980’s, is the Lean methodology also 

known as Toyota Production System, more recently allied with Six Sigma, creating the 

Lean Six Sigma (LSS) employed in several areas and industries. 

Nevertheless, few studies have been done regarding utilities companies (such as energy 

or oil) and the application of these methods in this context. These types of companies, 

so pivotal to our societies, supplying the energy we increasingly consume daily, have a 

growing challenge. They quickly evolved to become state managed companies, with 

the purpose of guarantying a statewide supply of services, such as transportations, 

communication and energy. In the more recent years, markets became liberalized, and 

these companies started to become privatized and competition was welcomed (Bognetti 

& Obermann, 2008). This new mindset made these stagnant and monolithic companies 

change their culture in order to adapt to a new type of market. A market where the client 

can choose the best supplier to fit its needs and where a company must be better than 

the rest (otherwise it will go out of business). 

Having this in mind, a research proposal arose to better understand this change, and if 

the application of innovation, mostly using LSS methodology, helped achieve a better 

quality of service. To achieve this, a case study was developed in a Portuguese utilities 

company; company XYZ, which will remain nameless due to confidentiality reasons. 

Therefore, could innovation in Information Technologies (IT) and the application of 

LSS help the company improve its overall quality and consequently improve the quality 

of the provided service? 
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1.1 Motivation of the research proposal 

As the author had a collaboration with this utilities company (company XYZ, the name 

was removed due to confidentiality issues), there was a twofold goal in the execution 

of this research proposal. On one hand the academic goal, further studying and 

understanding LSS methodologies and their application in these contexts. On the other 

hand, there was a professional approach that required a continuous improvement in an 

environment where there is a growing need to resolve problems and guarantee that IT 

systems of this company work in topnotch condition, meeting the expectations of clients 

that keep demanding more quality at a lower price. 

The motivation to perform this study arose from the necessity of improving the quality 

of IT systems, an objective of the researcher while collaborating with XYZ. There was 

a sense that LSS methodologies could allow for an improvement of processes but there 

was no concrete knowledge of the magnitude and timeframe of such improvements. 

Additionally, what process and methodology should be used?  

Finally, as company XYZ has a commitment with innovation (as a safeguard against 

competition), the selected methodology should promote innovative results. 

 

1.2 Research Purpose 

The aim of the research was to, first; define the strategy to be used in company XYZ to 

improve the quality of the IT systems. Then, understand if management innovation 

allied with technological innovations, (in this case new IT systems) resulted in the 

improvement of the quality of processes of the company as well as the development of 

innovative solutions. This process was done by employing LSS methodologies 

(Jugulum & Samuel, 2010) that, though studied in other fields, lacked proper study in 

the utilities sector.  
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1.3 Document Outline 

This document contains several chapters. Chapter 1, the current one, consists of an 

introduction that aims to summarize the research and the motivation behind it. 

Chapter 2 brings an introduction to Lean Six Sigma, where the story of this method is 

detailed, as well as the tools and structure of it. 

Chapter 3 has the literature review, where other sources of information where studied 

in order to understand the current status quo regarding research already done. 

Chapter 4 details the way in which the research was conducted and defining the utility 

of the collected data. 

Chapter 5 presents the obtained results as well as the application of the LSS 

methodology. 

Finally, chapter 6 consists of the conclusions, limitations of the research and 

suggestions for future research.  
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2 Introduction to Lean Six Sigma 

The current research basis its work in Lean Six Sigma methodology, therefore, it 

important to understand and detail what it is as well as its roots, how it came to be and 

the application in current environments. 

 

2.1 History of Lean Six Sigma 

The evolution of quality has been a constant for decades and several people had 

significant contributions in providing more tools for an overall better result to what is 

expected. One of these important contributors was Joseph Moses Juran (born in 1904 

and died in 2008). Defining that quality could be seen in two ways, by meeting 

customers’ needs or by producing without deficiencies. Giving what the customer 

wants helps to increase income, as more satisfied customers are willing to pay more, 

nevertheless, meeting more and more needs increases the costs of production. This 

balance must be defined by what market a company wants to address as well as the 

selected segment. Regarding the deficiencies free aspect, it reduces work done, as an 

error requires extra work to be corrected as well as extra costs. It also leads to lower 

customer satisfaction, complaints, lower brand value and so on. Therefore the lack of 

quality has significant costs that should be addressed (Juran & Godfrey, 1999). 

Building on quality, Deming, a now well renowned scholar that was born in 1900, made 

important contributions. Initially in the US, for example by applying statistical methods 

for analyzing production of supplies during WWII. Later, during the 1950’s he made 

significant contributions by raising awareness of the impacts of quality in Japan, 

granting him wide recognition. Deming is also known for his 14 key principles for 

management, where the goal is to change the focus of a company towards quality 

(Witzel & Warner, 2013).  

This was one very important seed in the Japanese manufacturing industry, recognized 

by some as the individual responsible for bringing quality to Japan (Aguayo, 1991). 

Deming is also known for its PDCA model (Plan, Do, Check, Act). The figure below 

sums up some key aspects of each phase of the cycle. 
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Figure 1 - PDCA Cycle (Sokovic, Pavletic, & Pipan, 2010) 

 

Another important contribution was made by Philip Crosby, with its 14 steps for 

improvement, where a strategy of zero defects is paramount and management should 

be the driver for this positive change (Crosby, 2005). 

Again in Japan, Ishikawa, that also did translations of works of Deming and Juran 

(Swan, 2017), developed his seven quality control instruments: Pareto analysis, cause-

and-effect diagrams (or fishbone chart), check sheet, control charts, histograms, scatter 

diagrams and stratification. 

Stepping-stones like these are some of which Lean Six Sigma is based upon. Basically, 

LSS is the fusion of two methodologies, Lean and Six Sigma, with the aim of taking 

the best of both worlds. 

Lean methodology was invented in Japan by Toyota with the purpose of eliminating 

waste, named at the time as Toyota Production System (TPS). These wastes can be of 

several types, such as materials, time or resources (Moro, 2008). The basis of this 

process is the elimination of waste with seven strategies (Chase, Jacobs, & Aquilano, 

2005): 
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 Network of specialized factories – instead of having a single factory responsible 

for everything, there are several connected factories, each one with a specialty 

that in the end come together to produce the finished product 

 Technological family – similar parts are grouped, this allows a worker to take 

care of several parts of a family, this in turn, avoids a product being forwarded 

between different stations, wasting time in the process 

 Quality at the source – the goal is to do well in the first attempt, as quality is a 

responsibility of all workers and processes. This strategy allows for error 

detection sooner, diminishing the time lost in error correction and its subsequent 

cost 

 JIT production – Just-in-time production aims to produce just what is necessary, 

when it is necessary, in a pull strategy. In this strategy there is an effort to lower 

stocks which represent in turn high operational costs 

 Production process standardization – aims to lower the changes done in the 

production process, to achieve economies of scale, thanks to the specialization 

that results from a stable process. Constant changes in machinery, processes and 

people lead to learning time, representing a waste. 

 Kanban production control systems – tool that, by using cards (virtual or 

physical), controls what is being used in the production process. The production 

start is stimulated by resource consumption centers, instead of being pushed by 

the production center. This makes it easier, for example, for a supplier to 

maintain a minimum stock while still not impacting production 

 Minimizing configuration times – with the trend for production in small and 

different batches, it is necessary to have small lead times, otherwise the entire 

production is seriously compromised 

On the other hand, Six Sigma was invented by Motorola in 1986 (Motorola, 2005) and 

it was pivotal in improving business processes in General Electric in 1995, as well as 

many other companies. Its focus is client satisfaction and the reduction in variability, 

resulting in more homogenous processes and less defects (Chowdhury, 2003). 

It aims to achieve a high level of quality that corresponds to Six Sigma, in other words, 

a conformity level of 99,9997%, or 3,4 defects per million opportunities.  
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Figure 2 - Levels of sigma (Definition, 2017) 

 

Just as in Lean, there is a vast set of tools that aim to facilitate meeting that goal of low 

variability, being DMAIC (Define, Measure, Analyze, Implement and Control) a high 

level tool applied in this research (Furterer, 2009). Other macro tools exist, such as 

DMADV (Define, Measure, Analyze, Design and Validate), DMADOV (Define, 

Measure, Analyze, Design, Optimize and Validate) and others. All assume standardized 

practices of clear processes that are understood by all workers. Six Sigma stresses the 

existence of facts and statistical analysis, as they are less susceptible to subjective 

interpretation and have inherently more objectivity (George, 2003). 

With these two methods in hand, Lean Six Sigma arises, aiming to eliminate waste, 

increase agility in processes flow, separation of activities that generate value and those 

that don’t, maintaining the focus on the client, reduction of defects and variability. It 

offers a set of complementary tools for flow and statistical analysis. All of this paves 

the way for the implementation of consistent improvement practices, creating a 

company culture that is aware and informed of the topics it develops (George, 2002). 

Summing up, even though they are methodologies that were born having in mind 

productive processes, with great success, they have been adapted in services, with very 

good results, all around the world. Something that can be seen by the worldwide offer 

in training in LSS (IASSC, 2016). 

LSS has been used in extensively in Services for several reasons (Furterer, 2009), 

mainly to reduce clients’ waiting times or to better meet their needs. As referred by 

George (2003), it is quite common for the services sector not to use statistical data and 

treatment. This leads to a lack of a defined process with metrics or pre-established 

service levels. 
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The reality is that between client’s calls, emails and orders, there is frequently work in 

progress (WIP) reaching 90%. Therefore, LSS allows identifying waste causes as well 

as implementing top-down philosophies of Total Quality Management based on the 

continuous collection of information of critical success factors for the client. 

 

2.2 DMAIC Cycle 

As referred previously, the DMAIC cycle is an important tool of the LSS toolset it is 

originally part of the Six Sigma toolset, created by Bill Smith & Mikel J Harry while 

working in Motorola (Juran, Shainin, Taguchi, & Harry, 2002).  It focuses on improving 

existing processes in order to obtain a reduction of waste and variability improving 

overall quality (George, 2003). It can be seen as an evolution of the PDCA cycle (Plan-

Do-Check-Act) of Deming that lacks the required control to tackle IT development 

challenges (Sokovic et al., 2010). The results aim to reduce costs, such as 

manufacturing or services, as well as providing increased customer satisfaction. This is 

obtained by doing statistical analysis and changing business processes, resulting in a 

refined and integrated model of process, product and service improvements. The 

endgame should always be in serving the customer, providing him with satisfaction and 

value (Thomas & Lewis, 2007). 

DMAIC is an acronym that consists in the aggregation of the five steps in the cycle: 

 Define – This initial step requires the definition of the problem to be solved, it 

can also result in a project charter to guide the following actions 

 Measure – After the problem definition there has to be a collection of data to 

understand the real scope of what is being evaluated 

 Analyze – The gathered data is analyzed in order to identify problems, 

constraints or other difficulties that may result in the problem to solve 

 Implement – This phase uses several tools, such as brainstorming or others, to 

create new methods or actions to solve the problem at hand 

 Control – Finally the control phase aims to guarantee that the implemented 

changes are long-lived and that the culture within the organization is changed, 

accommodating the new changes in their everyday processes 
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Concisely, there is a strong use of statistical tools, in a first moment to quantify the 

current situation and then, as improvements are made, measurements are done 

periodically to understand if results materialize and if they are consistent and 

sustainable. Goh et al (2006) did a SWOT analysis that summarize what can be 

expected of LSS and particularly a DMAIC cycle and that is detailed below. This vision 

is of considerable importance, as it provides a general overview of what can be expected 

(the good and the bad) in a LSS project and in a DMAIC cycle. 

 

 Positive factors Negative factors 

Internal 

Customer focus Heavy investment  

Data-driven and statistical approach to 

problem solving  

High dependence on corporate culture 

(receptiveness to change) 

Top-down support and corporate-wide 

involvement culturally  
No uniformly accepted standards  

Well-structured project personnel and teams  
Shift of 1.5 Sigma not validated 

especially for transactional processes  

Clear problem-solving framework (DMAIC)   

Project-based, result-oriented approach   

Systematic human resource development   

Performance tied to bottom line   

External 

Highly competitive market and demanding 

customer  
Resistance to change  

Fast development of IT and data mining 

technology  
Highly competitive job market  

Growing research interest in quality and 

reliability engineering  
Cyclical economic conditions  

Previous implementation of quality programs 

having laid a foundation for adoption of Six 

Sigma  

 

Table 1 - Six Sigma SWOT analysis (Goh et al., 2006) 

 

Further analyzing the DMAIC cycle, it can be seen that each phase has its tools, being 

the most important the ones detailed in Figure 3 - DMAIC cycle - Tools and 

Deliverables (Hagemeyer, Gershenson, & Johnson, 2006). It is important to refer that 
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not all available tools of LSS and DMAIC are listed, as others can be used if the project 

in question needs it.  

 

Figure 3 - DMAIC cycle - Tools and Deliverables (Hagemeyer, Gershenson, & Johnson, 2006) 

 

Some extra detail of the listed tools can be consulted in Annex A. 
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3 Literature Review 

The following chapter aims to determine the current state of the art, validating the 

research already done and the gap to the intended research done in this dissertation. 

3.1 Approach to Literature Review 

To understand the current research already done regarding LSS to promote innovation 

a systematic literature review was conducted. a paper search was conducted using the 

Scopus database1. An initial search was conducted using the term “Lean Six Sigma”, 

but with 1503 results, it was decided to employ further terms to narrow the results, as 

the analysis of such a big set of results would not be possible in the timeframe available. 

Therefore, the terms used were “Lean Six Sigma” and “Innovation”, with the goal to 

verify current research relating how can LSS improve or facilitate innovation. No 

additional criteria was used, in order not to narrow too much the new results set. Using 

these new criteria, 108 articles were found. Regarding the cited articles, these were 

elaborated between 2005 to 2015. The results represent a medium size; not very big 

that it creates big difficulties trimming uninteresting articles and not small enough that 

it’s not a representative set of papers, allowing for an analysis of the topic. 

The selected articles to serve as a base of reference were seven. The remaining 101, in 

general added little to the topics identified in the selected set. The selected articles 

identify the core of the methods and points to have in mind when applying LSS. 

Additionally, they also represent some of the most cited papers, reinforcing the validity 

of the choices made. 

 

3.2 Relevant Studies 

Of the obtained articles, the following were selected as they represent a base and an 

interesting set of approaches where LSS was used to promote innovation in 

organizations. 

 

                                                 

1 Scopus database - https://www.scopus.com/ 



 

 

Article Author Year Country Area Main Ideas 

Using a Lean Six Sigma 

approach to drive 

innovation 

Byrne G., Lubowe D., 

Blitz A. 

2007 USA Heavy equipment, 

Engines 

 Case Study 

 Importance of involvement of all chain (from supplier to client), specially management 

 Hints to applicability of SS in public sectors 

Using Six Sigma and Lean 

Methodologies to Improve 

OR Throughput 

Fairbanks C.B. 2007 USA Healthcare  Case Study 

 Importance of involvement of entire teams in improvement of processes 

 Focus on initial identification of problems 

A case study of lean drug 

discovery: from project 

driven research to 

innovation studios and 

process factories 

Ullman F., Boutellier 

R. 

2008 Switzerland Pharmaceutical  Qualitative analysis 

 Creativity can and should go in hand with defined processes 

 Lean processes can also result in positive outcomes in other health related areas 

Helping science to 

succeed: improving 

processes in R&D 

Sewing A., Winchester 

T., Carnell P., 

Hampton D., Keighley 

W. 

2008 United 

Kingdom 

Pharmaceutical  Case Study 

 Reorganization of Lab using LSS 

 Success in implementation requires change in organizational culture 

Lean six sigma, creativity, 

and innovation 

Hoerl R.W., Gardner 

M.M. 

2010 USA Healthcare  Case Study 

 LSS is not a solution for everything 

 Investment in innovation must be go hand in hand with process control 

Diagnosing and 

prognosticating the quality 

movement - a review on 

the 25 years quality 

literature (1987-2011) 

Dahlgaard-Park S.M., 

Chen C.-K., Jang J.-Y., 

Dahlgaard J.J. 

2013 Sweden / 

China 

Literature Review  Quantitative analysis 

 TQM and its components use has been growing 

 TQM tools are only fruitful it there is a change in the culture of the company 

 Common focus in “what to do” and not “why to do it” 

Lean Six Sigma in 

financial services 

de Koning H., Does 

R.J.M.M., Bisgaard S. 

2008 Netherland Financial Services  Case Study 

 Detailed report of strategies and results of using LSS 

 Finding the origin of problems of a first and very important step 

 Strategies used with IT systems for quality improvement 

Table 2 - List of analyzed papers 



 

 

 

The research gap of the selected papers, and even of the totality of the ones found, is 

that none reflects the utilities sector or the application of LSS in that sector. This 

translates in a big gap in the application of these LSS methodologies, and even if it is 

expected to have good results, it still has not been validated by empirical data or specific 

studies. 

Still, the selected articles show an important set of views that may help in the further 

study to be done. Firstly, De Koning et al. (2008) have a detailed report that underlines 

the importance of understanding the origin of problems in financial services. It is 

frequent to create misconceptions and wrong ideas of what causes a situation, leaving 

to inaction and poor company performance, therefore the identification of root causes 

is pivotal. These methods are applicable in other areas such as health, like it is referred 

by Sewing et al. (2008).  

Another key aspect, according to Dahlgaard-Park et al (2013) is the stress in the 

company cultural change, in order for the improvements to be long lived. It is quite 

easy to create change, but in order to make it last, there has to be a new mindset in the 

organization. That is the greatest challenge companies are facing (Deutschman & 

Keeler, 2007). 

Still, as indicated by Hoerl and Gardner (2010), LSS cannot be a silver bullet to all 

problems of an organization, an idea that is shared and presented by the other authors. 

That is, LSS will not perform magic at an organization, as it is simply a set of tools to 

help improve work quality and not to make all problems disappear or even to make the 

organization better by itself. 

Moreover, for LSS to be successful, all of the organization must be involved (Fairbanks, 

2007), with a focus on management (Byrne, Lubowe, & Blitz, 2007) and also having 

in mind suppliers as well as clients. If the organization is not involved, it will be very 

difficult to enjoy the creativity that all human resources can contribute, as Ullman and 

Boutellier refer (2008) as well as diminishing the widespread adoption, referred by 

Hoerl and Gardner (2010). 

These aspects must be considered when studying the applicability of LSS 

methodologies in the proposed case study. Still, positive results are expected as (Byrne 
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et al., 2007) it is referred that ,the application of LSS in other sectors (especially public 

ones) may result in positive outcomes. 

 

3.3 Research questions  

Having this stage, where no studies were conducted in the utilities sector (and more 

precisely, the energy sector), two research questions were defined: 

RQ1. What kind of improvements can one expect by using Lean Six Sigma to promote 

the quality of IT systems in the utilities sector? 

RQ2. What kind of innovation can one expect by using Lean Six Sigma to promote the 

quality of IT systems in the utilities sector?  
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4 Methodology  

4.1 Study case 

What kind of innovation and improvements is expectable by using Lean Six Sigma to 

promote the quality of IT systems in the utilities sector? 

To define the method to employ, it is important to understand the organization targeted 

in this study case, company XYZ. This was achieved by interviewing a key person of 

the company, interviewee A (the name will not be provided due to confidentiality 

reasons). The used guidelines of the interview are detailed in Annex B – Interview 

Guidelines. Also, most of the information about the company was obtained from this 

interview as well as the work done by the researcher. 

This organization is basically a group of companies with some centralized departments 

that give support to the entire group. One of these is the IT department (ITD) 

responsible for controlling all IT aspects within the company as well as finding 

suppliers that meet the needs and expectations of the group. In a sense, each company 

of the group does an internal outsourcing to ITD of their IT needs. Then, ITD does an 

external outsourcing to selected suppliers the main rational is to lower costs by having 

economies of scale. 

For several years, the company had a single external outsourcer that supplied, for IT, 

development, infrastructure and support (such as incidents of IT systems). Reported 

incidents for applications were registered in an IT system of the supplier that gave little 

to no visibility of the problems to the XYZ company and even to ITD. This caused work 

relations of little quality, as well as little to no trust in the applications and in the 

supplier. An example of what these incidents represent, can be an application that is not 

behaving as expected or completely down and non-operating, preventing any use of the 

application. 

More recently, looking to improve the quality of service, a cloud base solution, 

XIncident, was purchased that allowed full visibility of processes by all parties at all 

times. This created the building blocks to analyze applications and supply the 

information that is needed to implement LSS tools. 
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4.2 The DMAIC cycle 

To validate the usefulness of LSS methodology, it was decided to use one of the central 

tools of LSS, a DMAIC cycle, as already detailed previously. A DMADV (Define, 

Measure, Analyze, Design and Validate) was also taken into account, but as this type 

of cycle is more targeted to the creation of processes were they do not exist (that was 

not the case), this possibility was discarded. 

As indicated, the DMAIC process is based in an informed data collection that allows 

finding solutions and new opportunities, helping the organization to be more effective. 

It also facilitates to define a strategic plan and processes as well as helping managers to 

establish standards in the defined action plans (Tenera & Pinto, 2014). 

The first phase, Define, focuses on the identification of the main problem, its 

background, related processes and people. The key factors are: 

 Voice of the customer – VOC 

 Dedicated team for the improvement of the process 

 Process fluxogram 

In LSS, the client satisfaction is a priority; therefore, there is an investment in gathering 

feedback from the clients. Nevertheless, other stakeholders were also heard and a map 

of the process was created. This permitted to easily understand, in a visual 

representation the entire process, something that can be done using, for example, the 

SIPOC tool (Tenera & Pinto, 2014). This will be mostly focused on the incident 

management of IT applications.  

The next phase, Measure, involves the definition of metrics and sampling, according to 

the objectives of the previous phase. LSS tools used are normally process mapping, 

Kano analysis (in order to translate the needs of the VOC in technical requirements, 

and eventually define a VSM or other schematics. A central tool for sampling will be 

the application for incident management (XIncident). In addition, to gather customer 

and supplier feedback, semi structured interviews should be done. 

Analyze is the following step, it is comprised of a detailed study of the gathered data 

and the processes themselves. The aim is to characterize the extent and nature of the 

problem, establishing a base point to allow improvements to be implemented. 
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The phase that follows is Implement, where improvements are implemented and results 

of the previous phase are analyzed prioritizing solutions to the found problems. This 

step will require interaction with the supplier to implement innovative corrective 

measures, in order to eradicate or mitigate found problems. 

Finally, Control is the last step of the DMAIC cycle; still it is quite important if not the 

most important. As referred in the main papers of this research proposal, the cultural 

change of the organization is of paramount importance, and that is only attained if the 

change process is maintained over time in order for it to settle in and became part of 

everyday operations. This step, control processes, should be established to monitor 

implemented improvements. Only with this process can the changes become 

sustainable. This can be done with periodical analysis of the incident management 

application (XIncident), as it allows for report extraction. These reports, for the present 

case, should be done in both a weekly (less detail but that allow for a quicker response 

time) and monthly basis (more detailed to ensure complete control of improvements 

and identify new problems that arise). 

 

4.3 Data collection 

The process of collecting data was done in several ways: XIncident report consultation, 

e-mail interviews and telephone interviews. This strategy, of using several sources, 

permitted a triangulation of the data sources, that as Yin (2013) refers, it is much more 

likely to enforce the validity of the case study evaluation. 

The triangulation helped to reduce doubts and misinterpretations. Regarding both 

XIncident consultation and e-mails a registry of the consulted information was present 

and phone calls resulted in notes for later consultation. The goal of such registry was to 

guarantee that the used information was constant and not changed by bad recollections 

of the interviewer.  
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5 Results 

To define the data collection as well as have a starting point for the DMAIC cycle it is 

necessary to first define the scope of the problem and what is the aspects to improve. 

In company XYZ, there are more than 300 applications and systems. Several teams 

exist to manage these applications and systems. These responsibilities can be overall 

management, guaranteeing that clients and suppliers are aligned, or, for example, 

programming or even infrastructure management (normally done by suppliers of XYZ 

in the company data centers). 

Much as in other areas, these applications have problems, these could be simple, such 

as a user not being able to login, to more catastrophic, such as an entire call center not 

operating because there are no communications, preventing any work being done. 

As recommended by the analyzed literature (George, 2003; Hagemeyer et al., 2006) a 

project charter was created (in Annex B – Interview Guidelines). 

To understand the XYZ company a key human resource was interviewed, interviewee 

A (kept anonymous due to confidentiality reasons), this person is part of one of the IT 

management teams in company XYZ. The purpose of such an interview was to better 

understand the company, the environment and market in which it operates. Also, there 

was the goal to perceive how it works internally (focusing in the IT management), as 

well as problems and solutions that exited. 

An interview was conducted in order to understand the following topics (Annex B – 

Interview Guidelines): 

 How is company XYZ organized? 

 How is IT managed in the company? 

 How many applications exist in the company portfolio? 

 How do clients and suppliers’ relationships work? 

 How is the relation between clients and suppliers? 

 How are the IT management teams structured? 

 What are the main problems perceived by clients? 

 What is being done to resolve those problems? 

 What is XIncident and how does it work? 
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At a later date it was also validated what could be the target of the LSS project by 

understanding the following topics: 

 Key applications or systems that could be improved 

 Impact of problems in the referred applications or systems / why is it important 

not to have problems in those applications of systems (Annex C – Project 

Charter). 

 

5.1 Scope of DMAIC Cycle 

It would not be possible to test the DMAIC cycle with all the applications in a contained 

timeframe and cost, so a pilot was decided with a more limited scope. There was a 

brainstorming session of the project team and of all the possibilities; two applications 

and a system were selected to perform the DMAIC cycle: 

 App A – Agents (outsourced entities) use this application. It allows clients to 

do invoice payments and do other simple operations. The agents themselves are 

scattered all over Portugal and provide an easy for clients to pay their bills. 

 App E – Problems with the public grid (such as public illumination not working 

or loss of power) are reported using this application. This application is mostly 

used by the call center. 

 System C – Contact center, responsible for receiving millions of calls per year, 

relies on IT systems to serve XYZ clients. There are several applications used, 

still a most important part are communications (both data and voice). If they 

have any problems, these are reported as affecting system C. 

Most of the information used during the process was present in XIncident, in this 

system, incidents were registered and this allowed to have the information that serves 

as a base for the DMAIC cycle. It also allowed to register and lookup interactions 

between parties (such as clients and suppliers), as well as showing reports to control 

the everyday operations. 

During this phase the project team defined that two objectives should be met. Having 

at least a reduction by half of the quantity of incidents as well as a reduction by 
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half of the resolution time of incidents after 12 months. If these two goals where 

achieved it would lay the groundwork to implement this process across other 

applications. 

 

5.2 DMAIC – Define 

The first step of the DMAIC cycle, Define, aims to understand the problem at hand. 

The problem was that applications had too many incidents and this was causing low 

service quality and dissatisfaction among clients. In order to tackle this problem, the 

first step was the definition and empowering of a team to implement the DMAIC cycle 

(that should be seen as a project (Moro, 2008). This goes in hand with what was 

obtained from the literature review, as several authors stress the importance of the 

involvement of the organization in order to get results (Byrne et al., 2007; Fairbanks, 

2007). 

The following roles where defined: 

 Champion – A top manager that guaranteed that the project was aligned with 

the vision and mission of the company. He also ensured that certain goals and 

objectives were met. 

 Sponsor – A middle manager that monitored the progress of the team and 

removed barriers so that new processes were implemented. He was also 

responsible for guaranteeing an information flow between all parts involved. 

 Black belt – This element, that was also the sponsor, had experience in team 

management. He also guaranteed the formation of the rest of the team. 

 Yellow belt – This person supervised the use of tools in everyday operations as 

well as executing most of the low-level tasks needed during the project. This 

was the role of the researcher. 

Other roles such as Green or White belts could have been identified, but due to the 

narrower scope of the improvement project and the limited human resources (mainly 

because none of the team could be entirely dedicated to the project), it was not needed. 

For reference, these roles vary in responsibility and number of tasks (the green belt is 

under the black belt and above yellow, and the white belt is below yellow) (Moro, 

2008). 
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During this initial phase an initial brainstorming, another LSS tool (George, 2003), was 

done in order to define the overall structure of the project. The main steps were defined 

as the following: 

 Definition of the current incident flow 

 Applications to be analyzed and improved 

 Customer validation of existing problems  

 Reporting definition 

 Reporting execution (control phase) 

 

5.2.1 Process Mapping 

Having a project team, it was important to understand the process that was implemented 

in the application for incident management, XIncident. This was changed little time 

before this project started. Having in mind that even though innovative solutions may 

arise, it is very important to guarantee that processes are well defined, avoiding doubts 

and aligning the entire organization (Ullman & Boutellier, 2008). To represent this 

process, another LSS tool was used, process mapping (George, 2003). The aim was to 

graphically represent states and responsibilities. In this case, when an incident is created 

what states exist in XIncident and, for each of them, who is responsible (and who has 

to take action) 

 

Figure 4 - XIncident states for incidents evolution 
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As Figure 4 shows there are four entities that can be involved in the lifetime of an 

incident: 

 XIncident – The application itself is involved in automatic steps 

 IT Supplier – Each IT system has a specified supplier that gives support to it. 

This supplier must guarantee that that system works and solve problems that 

arise 

 Client – The client is the party that uses the several IT systems and that creates 

the incidents. Positive evolution in the treatment of incidents reflect directly and 

positively in the client perception 

 Third parties – Other entities that may be involved and whose input may be 

mandatory to resolve a specific incident 

Regarding the states themselves, they have the following meanings: 

 New – When a client creates an incident it temporarily is born in this state. 

XIncident will then validate the typology of the incident and guarantee its 

attribution. 

 Attributed – After the incident creation, the incident is passed along to a specific 

IT supplier. In this state the incident still hasn’t been analyzed, only forward to 

the correct team. 

 In resolution – When a member of the team of the supplier starts analyzing the 

incident it will be passed to this state, it indicates that there is already work 

being done on the reported situation. 

 Pending user – If during the analysis the supplier has some doubts, like 

insufficient information to resolve the situation, the incident can be passed to 

the client that should supply further information 

 Scheduled – In some occasions, the resolution of an incident cannot be done 

right away, an example could be the need to access the client computer and he 

has no availability to do so in the present moment and asks that the analysis is 

done in another time.  

 Pending – Some incidents may require contributions of other entities (out of his 

control) to be resolved. This situation can occur, for example, if an IT system 

has problems but there is no internet connection (where this connection has to 
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be guaranteed by the XYZ company). As it isn’t the fault of the client or 

supplier, this state is used. 

 Resolved – When a situation is resolved by the supplier it is marked with this 

state. In this situation, the incident can be reopened by the client if the problem 

persists. 

 Closed – This is the final state of an incident, that passes to this state in two 

situations, or the incident has been resolved for 7 days (without being reopened), 

or it is canceled. This last state can happen at any time and state (except resolved 

state) and represents a false incident. An example of a false incident can be a 

client that reports a loss of communications and when the supplier is testing the 

situation with the client, no problem was found.  

 

5.2.2 Voice of the Customer 

Having the team defined as well as the overall scope, it was needed to detail the 

problem, defining it in a structured way. To do this one of the first tools of LSS was 

applied, Voice of the Customer (VOC) (George, 2003). This basically consists in 

talking with the people involved in the problem and understanding the situation and 

pains associated. This allows having an almost firsthand knowledge about the problem 

and provides pivotal insights for the second steps. And more importantly to focus in the 

“why” and not “what” of the problems, ensuring that root causes are fixed (Dahlgaard-

Park et al., 2013; De Koning et al., 2008). 

This was done in three ways, consulting information added by customers in XIncident, 

targeted emails and phone calls. 

 

5.2.2.1 XIncident Consultation 

XIncident application is, as referred, a registry of all incidents and their evolution over 

time. In this sense, it is possible to quantify the number of incidents of, for example, a 

specific application, as well as the detail of a specific incident. This can be information 

such as the reported problem by the user, the way the supplier resolved the issue, as 

well as the time the incident was created and resolved. This was the first point of 

analysis.  
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This allowed gathering information of what were the main problems felt by the users 

as well as giving important statistical information for the Measure phase. 

 

5.2.2.2 Email Interviews 

After an initial analysis of the information present in incidents, emails were sent to 

specific key users in order to get more detailed information about reported incidents. 

Emails where sent with a defined structured as follows: 

 Application affected 

 Incident (or incidents) created 

 Request for more information of the reported problem 

 Validation if situation is resolved or not 

 Feedback on the performed resolution 

 

5.2.2.3 Phone Interviews 

A last step was done after the sent emails, phone calls, these were done if there was a 

hard to understand reply of the user or if there was no reply at all. Also, if additional 

detail of the received email was needed. These calls were relatively structured but 

allowed for the user to have freedom detailing the problems and other felt worries. 

The calls had an initial description of the application and reported incidents, a 

contextualization on the email reply received by the user and then a request for further 

information on what was reported. 

Finally, an open question was asked, requesting any other problems or overall opinion 

on the application, in order to try to point out problems that were not reported but could 

hint in of underlying situations that could be resolved. 
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5.3 DMAIC – Measure 

The second step of the DMAIC cycle is measuring, a task that was based on the results 

present in XIncident and the feedback gathered from users. An important aspect of this 

phase is the participation in the process by the project team, otherwise the team will be 

too disconnected with the reality that is trying to solve (George, 2003). To have an 

initial baseline for the number of incidents reported in each application and system, data 

were collected on a weekly basis and this baseline was regarding the initial 2 months. 

As suggested by George (2003), there has to be an initial collection of information that 

will serve as a baseline for all the following work as well as serving as a comparison to 

the final obtained data in order to evaluate the obtained progress. Overall, this phase 

should follow these steps: 

 Reach an accord with the problem; this is done by aligning the VOC, which 

translates in identifying the limitations of the current process  

 Understanding the expected contribution of the project in the company’s 

strategy 

 Reach an accord in the project scope 

 Identify key performance indicators (KPI) that will evaluate the project 

Regarding these main aspects, the project team decided to gather incident data during 

two months, as indicated previously. This would potentially put into context eventual 

spikes and at the same time would allow for a good understanding of the environment 

around these applications. 
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5.3.1 Accounting Incidents 

The following table shows the gathered data during the initial period. The months are 

numbered and not identified by date in order to maintain the confidentiality required by 

the XYZ company. The data shown is a net incident number; this means that the 

cancelled incidents are subtracted to the total of reported incidents. The aim is to show 

a true incident rate and not give relevance to reported situations that in reality “did not 

occur”. 

Net number of incidents 

Month Area total App A App E System C 

1 154 99 6 49 

2 201 110 3 88 

Average 177.5 104.5 4.5 68.5 

Table 3 - Baseline net number of incidents 

 

Resolution time of incidents (days) 

Month Area total App A App E System C 

1 23.63 15.19 45.00 38.18 

2 21.11 19.00 11.00 24.57 

Average 22.20 17.20 33.67 29.44 

Table 4 - Baseline incident resolution time (days) 

 

Having this data, and as planned in the define phase, a series of contacts (by mail and 

telephone) were done to key users. These have pivotal roles and serve as a central hub 

for all related problems of a specific application or system. Each application or system 

has one key user, they interact with other users and gather information of existing 

problems, can report situations or complains of users and even request changes to 

systems. 

The main problems identified by the key users were: 

 The supplier changing incidents state to “Pending User” without properly trying 

to contact the user 
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 The supplier replied to incidents (in pending or resolved states) without 

information that could enlighten the user of what was happening 

 Long overall resolution times 

 Recurring problems that had no long-lived solutions implemented, resulting in 

frequent incidents of the same type of situation 

These situations resulted in further analysis of reported situations of XIncident to 

validate and better understand the complains of key users. 

An important tool of the Measure phase is a Pareto chart. It helps to identify the more 

critical problems, therefore allowing to prioritize the analysis. For the current 

applications, this was done in order to see which one to tackle first. The chart was 

created by adding the number and resolution time of incidents in the two-month period. 

 

Figure 5 - Pareto chart – number of incidents 

The resolution time was calculated by doing a weighted average of the incidents during 

the two-month period. 
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Figure 6 - Pareto chart - resolution time 

 

From these charts, it became clear that App A should be the start of any analysis as it 

had the most incidents and these still have a long resolution time (not as long as App E, 

but this one is residual in the number of reported incidents). 

 

5.3.2 Scope and KPIs of the project 

Following the initial data collection and interviews with key users, the project team 

gathered to revalidate the goals and strategies of the project. This was done following 

the recommendations of this type of processes (George, 2003) and defining critical to 

quality (CTQ) metrics as recommended by De Koning (2008). This resulted in 

revalidated goals as follows: 

 Reduction by half of the number and resolution time of incidents 

 Reeducation of suppliers to better follow defined incident flow and provide 

more information about the work that is done 

 Frequent analysis of identified problems and promote long-term solutions (if 

needed by developing additional functionalities of the systems) 

 Limit this work to an extra 18 months (overall 20 months, when accounting for 

the 2 initial months in the define/measure phases), extending this process to 

other areas. 
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Also, when accounting the impacts of this project, as well as the current situation, two 

main points arose stressing the importance of improving the current processes: 

 A companywide unavailability of application A could lead to the company not 

receiving funds from agents, that could represent a very significant daily value 

(this gained further importance as it is the application with the most incidents 

and with substantial resolution time). The value itself is not referred due to 

confidentiality reasons. 

 Nonperformance of application E and system C can lead to hefty fines from the 

energy regulator that demands strict compliance with several indicators such as 

wait times (for when a client calls a company line). 

 

5.4 DMAIC – Analyze 

The goal of the analyze phase is to extract knowledge from the collected information 

and data obtained in the previous phase (George, 2003). The main challenge is not to 

get to a conclusion based on experience or opinions but from what information was 

gathered. Otherwise it will be extremely difficult to find root causes of the problems. 

There are some tools that can be used, as five whys analysis or cause-and-effect 

diagrams. 

Therefore, after the analysis of collected data several problems where found: 

 Long overall resolution time of incidents 

 Little to no information passed to end-users of the status of the incidents 

(specially in situations the resolution takes longer) 

 Little to no information passed to end-users of what was done to resolve an 

incident 

 Normally only resolving the consequences of the incidents and not the root 

causes, leading to similar situation to arise in future occasions 

Regarding problems where innovation was needed, two situations serve as example 

(more innovations as well as the detail of the supplied examples is not given due to 

confidentiality issues): 
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 Problem 1 – Errors in invoice management in application A, leading to several 

incidents opened. This normally led to IT supplier doing corrections to 

application local database 

 Problem 2 – Peak of incoming calls in system C, leading to a contact center 

being overwhelmed while the other had plenty of unused capacity 

 

5.5 DMAIC – Implement 

When reaching the implementation phase, the purpose is to change the existing process 

with the objective of eliminating (or at least significantly reduce) costs, 

nonconformities, errors or waste. These changes should be linked to the objectives 

identified in the Define phase. To reach this outcome there are tools and strategies that 

can be employed (George, 2003). 

To tackle the identified problems another brainstorming session of the project team was 

conducted. Of this session a set of key actions were defined in order to achieve the 

desired results of the project, as besides implemented innovations, process control is a 

central task (Hoerl & Gardner, 2010). The identified actions were: 

 Guidelines definition for suppliers regarding treating of incidents 

 Daily analysis of opened incidents 

o Validate with supplier the actions that are being taken 

o Guarantee focus is not lost in order to achieve a quick resolution 

o Guarantee that supplier gives consistent updates of incidents with long 

resolution times 

 Daily analysis of resolved incidents 

o Validate that reported problem was effectively resolved (reopening if 

needed) 

o Reopen incidents that lack information of what was done to resolve 

o Analyze resolutions and understand if situations where a onetime 

problem or if developments were needed to guarantee future similar 

incidents 

 Create weekly report to quickly validate evolution of the treatment of incidents 

(detailed in Annex D – Weekly control report) 
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 Create monthly report with more in-depth analysis to understand trends and 

define new strategic actions (detailed in Annex E – Monthly control report) 

Regarding innovation, and as a sequence of the two examples described, innovative 

solutions were developed. 

Problem 1 – A new algorithm for invoice management was developed. This helped 

decreasing the number of reported incidents and at the same time giving application A 

more robustness and increased confidence by its users. 

Problem 2 – A new call forwarding solution was developed with the goal to better 

distribute the call between contact centers, avoiding that one would have too many 

phone calls while the other would have plenty of capacity. This led to better overall 

environment in the contact centers and more importantly, the company’s clients saw 

decreasing wait time in call answering. 

 

5.6 DMAIC – Control 

In order to guarantee that the entire DMAIC process was long-lived a systematic control 

has to be done, as if the organizational culture is not changed, all the work done is for 

naught (Sewing et al., 2008). This is accomplished by doing some key activities 

(George, 2003): 

1. Creation of documentation of the improved method and that is used by the 

company (detailed in Annex F – Improvement Guidelines) 

2. Validating gains of improved method 

3. Verifying that gains are kept as time passes 

4. Have a control system to identify non-performance 

5. Guide implementation of improvements 

6. Creating a control plan 

Having these steps in mind, a set of documentation was created to guarantee that the 

identified improvement was long-lived: 

1. Guidelines for supplier – the objective of this document is to list the tasks, 

communication with users, and improvements that should be done when 

resolving an incident 
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2. Weekly incident report – Allows for a relatively quick method of evaluating the 

evolution of the treatment of incidents as a whole 

3. Monthly incident report – Permits the identification of trends and overall 

analysis of the treatment of incidents 

These documents were already defined in the Implement Phase, but it’s the continuous 

updating of the information that guarantees that there is a continuous and sustained 

improvement. 

During the months of the project a constant control was made, that resulted in the 

incident evolution shown in the following data: 

 

Net number of incidents 

Month Area total App A App E System C 

1 154 99 6 49 

2 201 110 3 88 

3 149 63 1 85 

4 183 82 5 96 

5 136 64 7 65 

6 130 62 10 58 

7 190 103 9 78 

8 135 40 17 78 

9 88 26 7 55 

10 63 15 4 44 

11 80 4 13 63 

12 117 8 24 85 

13 78 7 18 53 

14 42 6 3 33 

15 145 83 13 49 

16 75 40 2 33 

17 60 13 2 45 

18 44 7 4 33 

19 41 9 1 31 

20 36 7 5 24 

Table 5 - Evolution of number of incidents 
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Resolution time of incidents (days) 

Month Area total App A App E System C 

1 23.63 15.14 45.00 38.18 

2 21.11 19.00 11.00 24.57 

3 23.72 20.81 156.00 24.50 

4 16.10 18.40 7.09 15.10 

5 17.91 20.33 14.00 15.86 

6 16.12 15.27 12.90 17.63 

7 12.38 11.44 23.74 12.38 

8 16.83 14.62 17.75 18.07 

9 17.19 15.11 20.41 18.37 

10 9.24 8.03 11.57 9.52 

11 8.81 9.20 7.54 9.03 

12 8.68 7.24 8.09 9.25 

13 7.59 6.26 7.78 8.04 

14 14.64 5.26 7.72 17.46 

15 12.65 14.53 9.71 9.82 

16 11.21 14.30 4.48 6.25 

17 8.16 9.69 8.75 7.40 

18 7.72 6.84 15.69 7.12 

19 7.87 10.51 7.40 5.68 

20 6.12 8.13 7.35 4.86 

Table 6 - Evolution of resolution time of incidents 

 

Translating this information into a graphical representation, it becomes clear the trend 

of diminishing number of incidents and resolution times during the implementation of 

this project, something that was aligned with the proposed objectives. 
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Figure 7 - Net incidents evolution per month 

 

 

Figure 8 - Resolution time evolution per month 

 

Overall, and though the project team was only partially allocated to the project, the 

results were quite positive, and were also recognized by upper management as a very 

positive outcome.  
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5.7 Target Population 

It is important to understand the scope of the current project in the company XYZ 

environment. The company has a portfolio of 329 applications of which the three 

applications and system represent a small fraction. Still, of the analyzed systems the 

totality of incidents that were opened was considered for the executed work. 

During this period, 2411 incidents were opened, of which 264 were cancelled, leaving 

a net number of incidents in 2147. 

 

5.8 Discussion  

To analyze the results of the LSS project it is important to remember the objectives of 

the implemented DMAIC cycle. As referred in more detail in section 5.3.2 of the 

Measure phase, there was a main objective, the reduction in half of the number of 

incidents as well as the resolution time. Additionally, this should be a long-lived change 

that was incorporated in the culture of the company (and its suppliers). 

During the initial two months, it was found the average number of incidents regarding 

the applications and system in analysis. The objective was to evaluate the status quo. 

Then, through the application of a DMAIC cycle of the LSS methodology, and after 20 

months a sustained reduction was obtained, of 79.7% in the number of incidents as well 

as in the resolution time, as detailed in the following tables.  

 

Net number of incidents 

Month Total App A App E System C 

Month 1 154 99 6 49 

Month 2 201 110 3 88 

Average month 1 & 2 177.5 104.5 4.5 68.5 

Month 14 42 6 3 33 

% reduction 76,3% 94.3% 33% 51.8% 

Month 20 36 7 5 24 

% reduction 79.7% 93.3% -11.1% 64.9% 

Table 7 - Reduction rate in the number of incidents 
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Incident average resolution time 

Month Total App A App E System C 

Month 1 23.63 15.19 45 38.18 

Month 2 21.11 19 11 24.57 

Average month 1 & 2 22.2 17.2 33.67 29.44 

Month 14 14.64 5.26 7.72 17.46 

% reduction 34.0% 69.4% 77.0% 40.7% 

Month 20 6.12 8.13 7.35 4.86 

% reduction 79.7% 52.7% 78.2% 83.5% 

Table 8 - Reduction rate in the resolution time of incidents 

 

These results met in a satisfactory way the objectives for this process. Though not all 

applications and system had a reduction of 50% in the number and resolution time of 

incidents, the project was maintained for the whole 20 months and, by the end, the only 

case where the main goal wasn’t met was for application E. Still, as it already had a 

very small number of incidents per month and was a mature application, it was not 

taken into account by management as an unmet goal. 

The obtained results help to answer the research questions. 

Regarding RQ1 – What kind of improvements can one expect by using Lean Six Sigma 

to promote the quality of IT systems in the utilities sector? 

It was important to involve the entire organization to obtain good results, such as 

Sewing et al. (2008) or Byrne et al. (2007) referred in their work. Also the growing 

trend to use TQM methods, such a LSS (Dahlgaard-Park et al., 2013) conveyed the 

assumption significant improvements could be obtained, that was in fact the case. 

Regarding RQ2 – What kind of innovation can one expect by using Lean Six Sigma to 

promote the quality of IT systems in the utilities sector? 

Innovation must go hand-in-hand with process control (Hoerl & Gardner, 2010; Ullman 

& Boutellier, 2008). If the latter was necessary to guarantee the results obtained for 

RQ1, the former allowed the development of innovative solution for discovered 

problems, such as those referred in chapter 5.5. The work done with suppliers promoted 

a various set of innovative solutions to problems that existed in the applications A, E 

and system C. Something it would not be done if the project was not implemented. 
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Overall, and as shown for other sectors, LSS provides positive results as well as 

innovation in the utilities sector. 
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6 Conclusions 

6.1 Main conclusions 

Lean Six Sigma represents a powerful method to improve organizations and insure 

quality for the organization itself, its suppliers and its customers. Focusing on one of 

the tools of LSS, DMAIC cycles, it can be said that it helps to identify current processes 

and orients project teams to innovate and discover better ways to reach objectives in a 

sustainable and long-lasting way. Overall, LSS has been the target of several studies 

over the decades, and has been applied to several and distinct areas. Even so, the initial 

research showed that, in the utilities sector, though being pivotal to modern societies, 

had not been studied.  

Therefore, the research proposal aimed to use the LSS methodologies, more precisely 

the DMAIC cycle and its tools to achieve substantial quality gains in the IT applications 

of company XYZ. The expectation of positive results was based on the results obtained 

in other studies where significant gains were obtained. The DMAIC cycle was applied 

and over a period of 18 months (with an initial 2 months’ period to establish a baseline) 

and resulted in a significant improvement, reducing the number of incidents and its 

resolution time in 79.7%. This can be interpreted as a significant and measurable gain 

in the overall incident process.  

The current study, with the obtained results should serve as a starting point for studies 

on the energy sector, or more broadly the utilities sector, where, regarding the analysis 

done, little to no investigation was made. Although the utilities industry is very different 

from the Toyota or Motorola manufacturing industry, good results can still be obtained 

as shown during this research. 

Additionally, innovation is promoted, resulting in the development of new solutions for 

discovered problems such as new algorithms or new call forwarding system, as referred 

in chapter 5.5. 
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6.2 Main contributions 

The current research resulted in some contributions, both to academia and to industry. 

Academic wise, the current research help to tackle the lack of research in the utilities 

sector, as well validate that, the application of LSS has positive results in the utilities 

sector, such as obtained in other areas and shown in the evaluated literature. 

Industry wise, the research allowed for a significant reduction in the number of 

problems that affected clients. Additionally, there was an improvement of overall 

quality of IT systems, resulting in lower operating costs and better brand reputation. 

Important aspects for company XYZ. 

 

6.3 Limitations  

This study still has its limitations, mostly due to the small number of systems analyzed. 

The low number makes it difficult (and incorrect) to conclude that it is a method that 

will, in every situation, provide good results. 

In addition, another difficulty was the lower than the desirable availability of the project 

team, which was not dedicated fulltime to the LSS project. This limited the activities 

and eventually the amount of control that could be done with the systems applications 

and its incidents as well as control over suppliers and clients. Having greater availability 

of the project team might have yield better results and more quickly, specially in finding 

more innovative solutions to resolved problems. Another concern was the team size, as 

another element to control the systems might have allowed for an even lower number 

of incidents and resolution time. 

Nevertheless, and even having the identified constraints, the results were good enough 

to promote the extension of these methods to other systems and applications. The 

expectation is to also have good results and achieve significant improvements.  
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6.4 Suggestions for future work 

The current study was started due to a lack of information and studies regarding the 

application of Lean Six Sigma. Since only three systems of the entire company 

application landscape were part of this project, the next step is to apply DMAIC cycles 

to other systems, with the objective of further validating if LSS provides good results 

as the obtained in this study. This has already been initiated. 

Moreover, it is important to note that the current study was only done in a single 

company in the Portuguese context. To further validate these results, more research 

should be done in other companies of the same sector as well as other utilities 

companies in other countries. This will allow to eliminate doubts about the validity of 

LSS in the utilities sector, and serving of further proof of the obtained positive results. 

Also, and looking to the central focus of this research, innovation, further work should 

also foment more innovative solutions, such as better algorithms, improved 

organizational processes or others. 
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8 Annex A – LSS Tools 

As mentioned by Hagemeyer et al. (2006) a list of some of the main tools that can be 

used in LSS are as follow: 

Project Scope Contract/Project Charter – The goal of this tool is to define the scope 

of the project, from what is to be done, the budget as well as the timeframe. It helps to 

create a commitment to the organization in order to guarantee that the defined goals are 

met (George, 2003). 

Process Mapping – The objective is to represent graphically the existing or changed 

processes. Initially it can be done in the Define phase to understand the starting point 

and further along the DMAIC cycle, to represent the evolution of the changed processes 

(George, 2003). 

CT Matrix – This matrix helps defines aspects “critical to…” quality, satisfaction or 

process. As a consequence of using this matrix, it becomes clear the causes that have to 

be tackled to improve critical aspects (Subramaniam, 2010). 

Cause and Effect – This tool is useful to identify causes of problems, allowing for a 

relatively detailed representation, avoiding the overcounting of uncertain components 

(Park, Nam, & Choi, 2011).  

FMEA – The Failure Mode and Effect Analysis is commonly used to prevent problems, 

improving customer requirements to avoid negative satisfaction. It aims to with the 

involved parties, and in a structured way to identify possible faults and prioritize what 

to tackle (Shahin, 2004). 

Gage R&R – Gage repeatability & reproducibility (R&R) uses statistical analysis to 

measure variation in processes in order to validate it is within tolerance limits (Woodall 

& Borror, 2008). 

Statistical Techniques 

In LSS, several statistical techniques are used in order to understand the reality of a 

company and to provide knowledge from the collected data. Some of the techniques 

used are (George, 2003): 

 Graphical Techniques 
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 Multi-vari Studies 

 Hypothesis Testing 

 Correlation and Regression 

 Design of Experiments 

 Simulations 

Optimizations – The main idea is to reduce offerings or processes that bring little or 

no added value. This can be, for example, repricing a product that is not a strong seller 

or its removal altogether. This can focus the organization on its core strengths and as a 

consequence improving the organization (George, 2003).  

Control Plans – Allow for registry of what is produced, resulting in a more controlled 

production and therefore with fewer errors. The registry of information helps in 

management to have a real idea of what is happening and therefore permits justified 

decisions, using facts and not fiction (Munro, 2002). 

Statistical Process Control – Aims to use statistical analysis to lower failure costs, 

meeting one of the underlying ideas of Six Sigma methodologies (Oakland, 2007). 

Gage Control Plan – In line with control plans that evaluate the process, gage control 

plans evaluate the tools that are used in the monitorization process, this permits to 

guarantee that the control plan works according to needs and maintaining quality 

(Munro, 2002). 

Preventive Maintenance – This policy aims to have programed actions that are 

implemented in order to lower stops in production or systems due to uncontrolled or 

unpredictable faults (Nakagawa, 1986). 

Poka-Yoke/Mistake Proofing – Implementation of methods to easily prevent errors in 

order to increase production, avoiding extra costs such as costs of opportunities lost and 

costs of producing “errors” (Shingo, 1986). 
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9 Annex B – Interview Guidelines 

To understand the XYZ company a key human resource was interviewed, interviewee 

A (kept anonymous due to confidentiality reasons), this person is part of one of the IT 

management teams in company XYZ. The purpose of such an interview was to better 

understand the company, the environment and market in which it operates. Also, there 

was the goal to perceive how it works internally (focusing in the IT management), as 

well as problems and solutions that exited. 

An interview was conducted in order to understand the following topics: 

 How is company XYZ organized? 

 How is IT managed in the company? 

 How many applications exist in the company portfolio? 

 How do clients and suppliers’ relationships work? 

 How is the relation between clients and suppliers? 

 How are the IT management teams structured? 

 What are the main problems perceived by clients? 

 What is being done to resolve those problems? 

 What is XIncident and how does it work? 

 

At a later date it was also validated what could be the target of the LSS project by 

understanding the following topics: 

 Key applications or systems that could be improved 

 Impact of problems in the referred applications or systems / why is it 

important not to have problems in those applications of systems 
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10 Annex C – Project Charter 

For the implemented LSS project the following project charter was defined, this was 

defined using the template of George (2003) 

Proposal Process Improvement 

Description: Improve the quality of Application A, E and System C, reducing the 

number of incidents as well as its resolution time over 12 months to 50% of the present 

values 

Background: Currently there are widespread complaints of the quality and 

performance of applications A, E and System C. A significant number of incidents exist 

and the ones that are created take a long time to be resolved. This has a significant 

impact on everyday operations as well as a damaging effect on the brand of the 

company, as these systems represent important contact points with the client. 

In Scope: Evaluation of the referred applications, implementation of applicational 

improvements to those applications, control of incident rate and resolution times, 

reporting of information to upper management (reporting to be defined) 

Out of Scope: Improvements to other applications, control of referred applications after 

the end of the project (if this control is maintained it should be framed in other 

project/continuous operation) 

KPOV: 

 Initial evaluation of status quo needs to be initially done.  

 Engineering analysis needs to be done up front. Using analysis, develop a clear 

understanding of work scope. Educate senior management on proposal content. 

 Prepare team to write/estimate based on a clearly defined technical scope of 

work. 

Product line proposals – Highly efficient quality proposals 

Proposal cost – N/A (no specific budget was defined, due to the partial allocation of 

the involved team) 
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Goals: 

 Evaluate the current status of the application during 2 months (this should 

permit to have a more realistic representation of the problems of each 

application) 

 Reach in 12 months (by month 14 of the project) a reduction in 50% of the 

number of reported incidents for each application 

 Reach in 12 months (by month 14 of the project) a reduction in 50% of the 

resolution time of reported incidents for each application 

 Guarantee recurrent reporting to management in order to inform of progress of 

implemented improvements 

 Evaluate if improvements keep producing continuous improvements over a 

period of 6 months (ending in month 20) 

Assumptions: 

 Evaluate the current status of the application during 2 months (this should 

permit to have a more realistic representation of the problems of each 

application) 

 Improvements to the current applications must be made by using Lean Six 

Sigma methodologies 

 The team will only be dedicated to the project in part-time 

 The overall project should last 20 months 

Other Benefits: 

 Creation of evaluation registry of application incident 

 Improvement project can serve as example if LSS should provide good results 

in other applications 

Role 

 Project Champion – 5% allocation (for project duration) 

 Sponsor – 5% (for project duration) 

 Black Belt – 10% (for project duration) 

 Yellow Belt – 25% (for project duration) 
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11 Annex D – Weekly control report 

During the implement phase (and during the control phase) a weekly report was defined 

in order to understand the incident evolution of the applications. The aim was to have 

a frequent way to understand if problems arose and to quickly act upon them in order 

to prevent bigger problematic situations. 

The report accounted of the current information: 

 Aggregate information 

o Evolution of aggregate number of incidents (sum of all analyzed 

applications and systems) during the last 12 months 

o Evolution of aggregate average of resolution time of incidents during 

the last 12 months 

o Oldest opened incident 

o Aggregate total number of opened incidents and incidents pending 

information from the client by criticity level 

 Specific application information 

o Evolution of number of incidents during the last 12 months 

o Evolution of resolution time during the last 12 months 

o Total number of opened incidents and incidents pending information 

from the client by criticity level 

o List of opened incidents for application or system, with number, subject, 

current status, creation date, predicted resolution date and 

contextualization notes 
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12 Annex E – Monthly control report 

During the implement phase (and during the control phase) a monthly report was 

defined in order to understand the incident evolution of the applications as well as other 

important information. The aim was to have a detailed set of information to serve as a 

tool to help strategic decisions to be made. 

The report accounted of the current information: 

 List of project regarding the analyzed applications and systems with used 

budget by month (past and future predicted costs) 

 List of application maintenance requests, with current state 

 Evolution of deploy requests per application and system (reflects premeditated 

unavailability of systems) during the last six months 

 Evolution Operational costs (OPEX) with predicted and current costs for the 

current civil year of all applications and systems 

 Specific application information 

o Evolution Operational costs (OPEX) with predicted and current costs 

for the current civil year 

o Total number of opened incidents and incidents pending information 

from the client by criticity level 

o Evolution of  the expenditure in application maintenance during the 

current civil year 

o Evolution of service requests (minor changes that are not incidents and 

are requested by the client), number and resolution time 

o Evolution of number of incidents during the last 12 months 

o Evolution of resolution time during the last 12 months 

o Evolution of data center expenditure for the current civil year 
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13 Annex F – Improvement Guidelines 

When an anomalous situation was detected during the incident analysis a set of 

instructions were defined in order to guarantee consistent, sustained and long-lasting 

improvements. 

A daily analysis of existing incidents (open) was made and the following steps were 

taken: 

 There was a validation of which ones had been in resolution state for longer 

time 

 Of these incidents, an initial validation with the supplier was made. In order to 

understand what was the exact problem, what was already. 

 If applicable, it was asked of the supplier to create applicational changes to 

prevent possible future instances of the same problem 

 It was asked of the supplier to guarantee a clear and detailed reply to the end-

user, referring what was the problem and what was done to prevent it 

Questions to the user where minimized and only done when it was not at all clear what 

the problem was. The idea behind this minimal contact was to prevent further 

deterioration of the view on the quality of the applications (as many times in the past 

even though the user would detail what was the problem, the supplier would not take 

that information into account and the problem would subsist) 

Still, when this contact was needed the user was contacted in two different type of 

situations: 

Understand the reported problem – this was done for created incidents with little or 

unclear description and information, the aim was to entice users to be more specific and 

in the future to provide enough information in order to suppliers teams can resolve the 

situation 

Providing feedback on the reported problem and the implemented solution – in 

situations of greater impact, for example if application A would fail globally and 

prevent the entire operating agent network from functioning, this was done, in order to 

involve the user in the resolution process and as a consequence to improve the 

satisfaction with the application and the supplier. 


