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Summary  

This paper discusses the fundamental assumptions that are required for successful 
implementation of lean Six Sigma and illustrates how these assumptions and preconditions are not valid 
in rail construction and maintenance. This paper is a case study that compares the brownfield rail 
maintenance of Sydney Metropolitan Network as a representation of brownfield rail maintenance with 
the operation of a design office and assembly plant in the automotive industry as a representation of 
industrial manufacturing.  

The aim of this article is not to propose an ultimate solution to this dilemma. However, the 
authors intend to shed light on the underlying problem that has been overlooked and also provide some 
practical lessons for the decision makers and leaders of the rail industry. 

 

1. INTRODUCTION 

We live in an era where productivity, 
efficiency and creativity are essential to 
business success. The speed of change is 
faster than ever in human history (1), and we 
are indeed on the cusp of the next industrial 
revolution. Renewable energy, autonomous 
transportation, mass data analytics, and the 
artificial intelligence have created a platform for 
the next wave of industrialisation that will 
change the foundation of our lives, industries 
and businesses. Amid this rapid change, 
different industries are clinging to different 
productivity, efficiency and innovation 
measures to stay relevant in this unknown 
future.  

The rail industry is not an exception to 
this trend. The fourth industrial revolution 
creates opportunities for sustainable transport 
and logistics to increase mobility and 
connectivity (2). The governments and the 
private sector spend billions of dollars to renew 
the rail infrastructure and expand its reach 
further than ever. There is a rapid rise in public-
private partnerships to meet the demand of 
future population growth. Rail is on the verge of 
a boom that can bring prosperity to businesses 
and simultaneously benefit the public. The 
landscape looks very promising and 
prosperous; however, this is not the full story.  

While rail can be one of the most 
efficient transportation modes, in terms of cost, 
time, and energy used to transport people and 
goods, the cost of building and maintaining the 
infrastructure is a challenge to future 
sustainability. Other sectors of the transport 
industry have strived for improved efficiency 
and, as a result, have enjoyed higher levels of 
productivity. The secure cash flow to the rail 
industry has created a considerable productivity 
gap that threatens the foundations of the current 
business practices. If players in this field 
address this productivity gap, they can create 
an opportunity that will provide them with 
significantly higher profits. Depending on the 
degree of success of such an attempt, this 
imbalance may force others to learn, adapt, 
merge or vanish.  

Most of the key players in rail 
construction and maintenance have already 
noticed this inefficiency and have attempted to 
borrow different improvement tools from other 
industries. The authors have observed a rapid 
adoption of Lean, Six Sigma, and Systematic 
Innovation in recent years to name a few. 
Almost all the big companies in rail construction 
and maintenance, private or public, established 
an in-house continuous improvement or 
innovation function, or use the professional 
services of various consultancy firms. The 
degree of success of both approaches is 
questionable. For example, one international 
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study suggests more than ninety per cent of the 
attempts to implement Lean Production 
Systems fail (3).  

The authors argue that blind replication 
of lean Six Sigma tools are not the solution to 
this productivity gap. Process improvement is a 
philosophy with a scientific foundation (4-6). 
Lean, Six Sigma or other improvement 
methodologies are nothing but carefully crafted 
and packaged scientific methods for a specific 
purpose. Applying any theory outside its native 
domain and beyond its boundary conditions will 
fail.   

This paper discusses the fundamental 
assumptions that are required for successful 
implementation of lean Six Sigma and illustrates 
how these assumptions and preconditions are 
not valid in rail construction and maintenance. 
This paper is a case study that compares the 
brownfield rail maintenance of Sydney 
Metropolitan Network as a representation of 
brownfield rail maintenance with the operation 
of a design office and assembly plant in the 
automotive industry as a representation of 
industrial manufacturing.  

The aim of this article is not to propose 
an ultimate solution to this dilemma. However, 
the authors intend to shed light on the 
underlying problem that has been overlooked 
and also provide some practical lessons for the 
decision makers and leaders of the rail industry. 
The authors believe this approach is the first 
step in finding a suitable solution that improves 
productivity and efficiency in rail maintenance 
and construction. The authors also 
acknowledge the pockets of successful 
implementation of lean Six Sigma in rolling 
stock manufacturing. However, rolling stock is 
intentionally excluded from the scope of this 
article. Rolling stock manufacturing is a subset 
of the manufacturing industry; hence, close to 
the native paradigm for lean and Six Sigma 
tools. 

2. AN IMPROVEMENT CULTURE? 

The way the rail infrastructure is managed leads 
to many inefficient work practices. Anyone 
involved in managing or performing rail 
construction and maintenance work knows that 
things are not always perfect. While green-field 
rail construction is rightly classified as a 
construction project, the more significant brown-
field rail periodic maintenance is also viewed 
and delivered from a project context. Applying 
the project model without enough consideration 
to production method principles will hinder 

improvement opportunities and drivers of 
efficiency. This project mindset leads to waste 
that manifests as rework, defects and 
amendments.  

To meet the pressing demands of time 
constraints in the construction phase, it has 
become an acceptable practice to have idle 
machinery and labour as a contingency. 
Providing the contingency inflates the overall 
project budget and, has become imperceptible 
due to accepted industry norms. The rail 
industry does not reliably and consistently 
measure its productivity against external 
industry benchmarks. The lack of transparent 
comparisons hinders the drive for increased 
efficiency. 

1.1 Lessons to be learnt 

The manufacturing industry faced a similar 
dilemma more than two-hundred years ago. 
The industry gradually addressed this efficiency 
gap by evolving from craftsmanship to mass 
production and ultimately lean manufacturing. 
At each phase of this evolution, an unmet need 
in the market emerged, and a business leader 
transformed the production paradigm to 
address this need; and revolutionised the 
industry.  

1.2 Lean 

Lean is a philosophy that drives process 
efficiency and improves productivity by 
identifying and eliminating waste or non-value-
added activities (7). The post-industrial-
revolution production evolution can be traced to 
Eli Whitney, who developed the concept of 
standard production process after he was 
contracted to build 10,000 muskets with 
interchangeable parts for the US army (8). 
Henry Ford, furthered the idea of mass 
production and productivity when he reduced 
the cycle-time and cost of production to the 
degree that had never been achieved before 
through the introduction of the moving 
production line (7). Later, Taiichi Ohno and Eiji 
Toyoda of the Toyota Motor Corporation 
developed a new methodology based on the 
fundamentals of industrial engineering theories 
(9) and introduced the Toyota Production 
System (TPS). Most of the lean tools and 
concepts as we know them today are based on 
the TPS (10).  

1.3 Six Sigma 

Six Sigma is a fact-based and data-driven 
philosophy of improvement that values defect 
prevention over defect detection. It drives 
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customer satisfaction and bottom-line results by 
reducing variation and waste, thereby 
promoting a competitive advantage (7). The 
foundation of Six Sigma is the principles of 
statistical process control coupled with 
qualitative and quantitative techniques that 
enable small-scale industrial research into 
business problems. The Six Sigma theory is 
greatly influenced by earlier works of Edward 
Deming, Joseph Juran, Walter Shewhart and 
Peter Drucker. In recent years, one can observe 
a strong appetite for adopting other 
improvement methodologies like Systematic 
Innovation and Design Thinking to cover some 
aspects of the improvement continuum that was 
in the blind spots of the traditional 
improvements methodologies. 

1.4 Using tools out of context 

The lean Six Sigma tools are native to 
manufacturing. The characteristics of the 
manufacturing industry are different from rail 
construction, and maintenance in some 
fundamental respects and these differences 
create a substantial barrier for straight adoption 
of lean Six Sigma tools in the rail industry. 
Understanding and addressing these 
differences will help to develop a practical yet 
different toolbox for rail construction and 
maintenance. The authors will explain these 
differences by comparing the automotive 
industry, it being the birthplace of lean 
philosophy and a mature manufacturing 
industry, with brownfield rail infrastructure 
maintenance, the most common representative 
of rail construction and maintenance.  

1.5 Manufacturing compared to 
construction 

The first difference is in the engineering 
foundations. There are commonly four 
engineering teams in the automotive industry 
that enable effective implementation of lean Six 
Sigma while there are only two engineering 
teams involved in brownfield rail maintenance. 
In the automotive industry, the design engineers 
design the product. The manufacturing 
engineers translate the design into an 
engineering solution by designing the 
production line and the toolings. The quality 
engineers help both design and manufacturing 
teams through the application of statistical 
techniques to ensure the design meets the 
customer requirements and can be built defect 
free.  Finally, the industrial engineers balance 
the production line, take charge of the 
production and supply chain planning, and 

optimise the time and motion to ensure 
efficiency and optimised production by 
eliminating other types of waste. 

The quality and industrial engineers, that 
promote continuous improvement, reduce the 
defects, and increase efficiency throughout the 
life of the product (12) are entirely missing in 
brownfield rail maintenance. There are only two 
distinct engineering functions in brownfield rail 
maintenance. The design engineers design the 
product and the project engineers build it. Site 
and construction managers heavily influence 
the planning for construction and the 
construction itself. The project engineers, in 
fact, mostly conduct project management along 
with some quality control activities. The quality 
control activities are very different from the 
quality engineering in the automotive industry. 
The authors discuss the differences shortly. 

The second and yet more significant difference 
is in the process mindset of the manufacturing 
industry versus the project focus applied to rail 
maintenance. A process is a group of activities 
that transforms some inputs into an output. If 
one controls the inputs and the process 
functions, the outputs are under control (7). An 
engineering approach is used to design the 
process; hence, it is predictable, controllable 
and known. In fact, the lean and Six Sigma 
philosophies are grounded on process 
foundations. A project environment, in contrast, 
is risky and unknown. A good project manager 
can plan for the project but could never design 
it with full command and certainty. Hence, risk 
management is an integral element of effective 
project management.  

Another characteristic of a project, uniqueness, 
is another hurdle in successful implementation 
of Six Sigma. A project is, by definition, unique, 
and every project is different (13). This 
characteristic opposes the process paradigm 
that emphasises common features and aims to 
standardise and control to minimise variation 
and waste. This project mindset, when applied 
to brownfield rail maintenance, causes the 
reinvention of the whole process the next time 
the team want to undertake a similar 
maintenance activity. Therefore, no 
improvement can be sustained or incrementally 
increased.  

The third difference is the application of quality 
engineering in the automotive industry and its 
complete absence in brownfield rail 
maintenance. The rail industry considers quality 
synonymous to document control, ISO 9001 
certification and an Inspection and Test Plan 
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(ITP). While the above are all small aspects of 
quality, the quality engineering discipline has 
advanced far beyond these basic concepts. 
Quality engineers in the automotive industry 
design the processes and analyse and improve 
its capability through complex statistical 
methods (14), model the reliability of the 
product and its failure regime (15), conduct 
measurement system analysis (16), undertake 
advanced product quality planning (12), and 
statistical process control (SPC) (17) to name a 
few. All these activities are the tools and 
methods that are central to Six Sigma. These 
concepts are not familiar in brownfield rail 
maintenance and applying them in isolated 
improvement projects is not sustainable.  

The fourth difference is the absence of the 
industrial engineering function in brownfield rail 
maintenance. Even when industrial engineers 
work in rail maintenance, they undertake roles 
such as project management, scheduling or 
project controls. These activities are not fully 
aligned with their core skill set to optimise 
complex processes, systems, or organisations. 
An industrial engineers’ core function is to 
eliminate waste through application of various 
mathematical models and techniques (18). 
They have a deep understanding and practical 
knowledge of theories such as queuing theory, 
the mathematical study of waiting lines, 
operations research, analytical methods for 
problem-solving and decision making, time and 
motion studies and statistics. Due to this skill 
set, the Industrial engineers have the primary 
responsibility for implementation of the lean 
initiatives in the automotive industry.  

1.6 A method for adoption 

This comparison provides practical lessons that 
can enable a better approach to continuous 
improvement in rail construction and 
maintenance. Firstly, the practitioners need to 
revisit the project paradigm and accept the 
process approach. Most activities in a typical 
brownfield rail maintenance project from any 
discipline consist of common steps. If 
practitioners approach these so-called projects 
as a production process, the industry will be 
more open to standardisation and efficiency 
measures and can apply and sustain the 
foundational improvement practices.  

Secondly, the rail industry needs to look actively 
outside its domain to learn better practices. The 
industry is advanced in the core engineering 
disciplines such as civil, electrical, and 
mechanical. However, rail is particularly 
immature in the application of peripheral 

engineering disciplines. Quality engineers and 
industrial engineers can design and implement 
alternative solutions to deliver rail maintenance 
and construction. Enhanced productivity and 
efficiency measures will only become possible if 
rail opens its door to alternative practitioners 
that are trained for such transformational 
change and use their knowledge wisely.  

Finally, continuous improvement is a culture, 
not a program. It needs enablers and 
persistence. The current trend in the way 
businesses are adapting lean Six Sigma is an 
indication that the leaders, managers, and 
decision-makers in the rail industry are looking 
for an easy fix that brings quick wins through the 
so-called “low-hanging-fruits”. If the history of 
manufacturing has some lessons to teach us, it 
should be known that there is no easy solution 
to a complex problem. The industry needs a 
paradigm shift in rail maintenance and 
construction, and sooner or later some pioneers 
in rail construction and maintenance will identify 
the efficiency gap and use this opportunity to 
reap the benefits of a different construction 
paradigm. This shift will fundamentally threaten 
the existence of the other players in the field and 
will force them to adapt or vanish. Many 
mergers, acquisitions and close-downs will be 
observed.  

1.7 Competitive advantage 

The story of production evolution in 
manufacturing industry shows that the leaders 
of new production methods dominated the 
landscape for at least a few decades and 
spelled an end to the old uncompetitive ways. 
Eli Whitney forced hundreds of American 
craftsmen musket makers to come and work for 
him. Similarly, Henry Ford’s River Rouge plant 
was the finish line for most of the American and 
European craft car manufacturers. Eventually, 
Toyota, followed by other Japanese car makers, 
dominated the global car industry by 
institutionalising lean manufacturing and forced 
everyone else to follow suit. 

3. CONCLUSION 

There is a significant productivity gap in the rail 
industry. The construction and maintenance of 
rail infrastructure are costly. This cost and 
inefficiency are challenging for the future of the 
rail industry. There have been many attempts to 
address this productivity gap and to reduce the 
cost by adopting the lean Six Sigma tools. 
These tools were natively developed in the 
manufacturing industry, and any attempt to 
blindly copy and apply them out of their original 
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context will fail. Rail construction and 
maintenance have some fundamental 
differences from the manufacturing industry that 
create a significant barrier to implementation of 
lean Six Sigma tools without necessary 
adjustments. The rail engineering function is 
different from manufacturing. Some key 
engineering disciplines such as quality and 
industrial engineering are either missing or are 
very immature in rail. The manufacturing 
industry operates from a process paradigm 
while rail construction and maintenance 
activities use a project model. Almost all the 
lean Six Sigma tools are process focused and 
are not applicable to the project context. The rail 
industry does not have a reliable internal and 
external benchmark and does not consistently 
measure and challenge its key performance 
metrics. This absence of benchmarking and 
measurement hiders the identification of real 
improvement opportunities and prevents a 
genuine desire for improvement. To address the 
productivity gap in rail, the fundamental science 
and knowledge behind lean Six Sigma should 
be utilised to develop a new set of tools based 
on the improvement philosophy and 
methodology. New market leaders will emerge 
from this fundamental change in the production 
paradigm that will dominate the industry and 
enjoy higher profitability and less competition. 
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