
Lean Six Sigma for Logistics process reengineering 

Francesco Costantino, Giulio Di Gravio, Alessio Romitelli 

*Department of Mechanical and Aerospace Engineering, Sapienza University of Rome, via Eudossiana 18, 00184, 
Rome – Italy (francesco.costantino@uniroma1.it, giulio.digravio@uniroma1.it, alessio.romitelli@uniroma1.it) 

Abstract: A common misconception of the Lean approach is that it only finds application in manufacturing. 
Lean Logistics originates from the Just In Time philosophy and it aims to reduce lead time and total costs. 
On the other hand Six Sigma is a metric, a methodology and a management system that attempts to eliminate 
the negative effects of variability of processes. To adopt a Lean Six Sigma approach in Logistics, the analysis 
has to be based on the concept of “total logistics costs” in order to effectively deal with wastes and 
inefficiencies. Moving from a sole project, carried out in a firm without an organization-wide Lean Six Sigma 
culture, the study aims at providing guidelines for the implementation of similar projects. 
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1. Introduction  

The present paper takes shape from the integration of 
different studies carried out on logistic models, Six Sigma 
methodology and Lean manufacturing. The effort on 
combining these different aspects and the knowledge of 
the several tools that characterize them have generated 
guidelines whose effectiveness and efficacy have been 
confirmed by the application in a real case. The paper 
describes the results of a Lean Six Sigma Logistics project 
developed in the Italian division of an important 
international lubricants company. 

The relevance of the project results comes from the 
general difficulty to get people on board and have their 
commitment in the Italian situation, where complete 
management involvement and cultural change are really 
hard to gain but at the same time essential for project 
success. 

2. Six Sigma and DMAIC 

Six Sigma is a metric, a methodology and a management 
system (McCarty et al. 2005) that attempts to eliminate the 
negative effects of variability of processes with the aim of 
achieving strategic objectives.  

Motorola originally developed Six Sigma in 1987 and 
targeted an aggressive goal of 3.4 ppm defects (Barney, 
2002; Folaron, 2003). Later on different streams of 
thought (Tjahjono et al, 2010) have shaped Six Sigma in 
different directions, giving a multitude of definitions 
connected to quality management, rather than operations 
management or business culture. Currently there are many 
articles and books on Six Sigma, written by consultants, 
practitioners and scholars, that provide multiple and 
constantly updated points of view on a modern approach 
to this methodology. 

Harry and Schroeder (2000), in their popular book on Six 
Sigma, described it as a ‘‘business process that allows 
companies to drastically improve their bottom line by 
designing and monitoring everyday business activities in 
ways that minimize waste and resources while increasing 

customer satisfaction’’. Schroeder also defines it as “an 
organized, parallel-meso structure to reduce variation in 
organizational processes by using improvement 
specialists”, because it operates as a parallel structure 
dedicated to improving the organization whilst dealing 
with both the micro and macro levels of analysis. 
(Schroeder et al, 2008) 

The core idea of Six Sigma is making all business work as 
a process, basing on data and facts (Chen 2008). It acts as 
a business improvement strategy in order to increase the 
business competitiveness through reducing the defects 
and improving customer – oriented quality (Nabhani and 
Shokri, 2009). 

This framework for process improvement (Goh and Xie, 
2004; McAdam and Evans, 2004), through the use of 
several statistical process control tools, problem solving 
techniques and the DMAIC (Define, Measure, Analyze, 
Improve, Control) model, is able to guide organizations in 
initiatives of performance improvement at all levels. 

The DMAIC model is the step-by-step process based road 
map that is mostly applied in Six Sigma projects. Although 
a lot of company-personalized approaches have been 
developed in recent years, like DMAEV (Define, Measure, 
Analyze, Enable, Verify) at Samsung (Yang et al, 2007) or 
DMADV (Design instead of Enable) thought for product 
or process design, DMAIC still represents the basis for 
the Six Sigma methodology scouting. 

Each phase consists of a set of tools and deliverables that 
provide a structured approach to problem solving. The 
flexibility in terms of using various techniques and their 
ease of implementation are fundamental issues to achieve 
project success and to eliminate unproductive steps 
(Kwak and Anbari, 2006). 

3. Lean Six Sigma 

The integration of Lean and Six Sigma principles is really 
powerful. Since both are models of continuous 
improvement and both strive for the “excellence” and 
“the pursuit of perfection”, their complementary 



objectives, tools and techniques create a synergistic effect 
that is able to drive out waste from all the processes 
(Christopher and Rutherford, 2004). 

Lean thinking focuses on speed increase and waste 
reduction across all processes, whereas Six Sigma 
concentrates on reducing process variability and 
eliminating defects. Although different at an operational 
level, Lean and Six Sigma present a homogeneity of 
essences to create synergies among their respective 
advantages. Through implementing these approaches 
simultaneously, organizations can increase customer 
satisfaction, improve process speed and quality of 
products and services, whilst reducing cost and invested 
capital. Figure 1 illustrates the benefits of the integration 
between Lean thinking and Six Sigma. 

 

 

Figure 1. Lean, Six Sigma and Lean Six Sigma (Source: E. 
D. Arnheiter, 2005) 

4. Lean Six Sigma Logistics 

Lean Six Sigma Logistics can be defined as “the 
elimination of wastes through disciplined efforts to 
understand and reduce variability, while increasing speed 
and flow in the supply chain” (Goldsby and Martichenko 
2005). This definition comes from the merge of Lean and 
Six Sigma methodologies and the consequent application 
in the Logistics field. 

A common misconception of the Lean approach is that it 
only finds application in manufacturing. As above 
mentioned, its main target is to eliminate wastes from all 
processes and it is proved that most of them can be 
identified in excess inventory. As a matter of fact, Lean 
Logistics originates from the Just In Time philosophy that 
aims to reduce lead time and total costs through the 
elimination of wastes and WIP inventories and the 
increase of supply chain responsiveness and efficiency. 

To adopt a Lean Six Sigma approach in Logistics, the 
analysis has to be based on the concept of “total logistics 
costs” in order to effectively deal with wastes and 
inefficiencies. These two methodologies do not compete 
against but rather complement each other in order to 
achieve continuous improvement. They are a well-
packaged set of business excellence principles and tools 
that can be specifically applied to Logistics even in the 
absence of a corporate initiative. 

5. Methodology 

This chapter will try to exhaustively list the necessary steps 
to implement a Lean Six Sigma project in logistics process 
reengineering and to identify its main characteristics and 
criticalities. 

5.1 Define 

The starting point is to clearly identify the project target 
and scope, the strategic issues within the organization and 
its logistics/supply chain management processes that need 
attention. The team, composed of both creative and 
analytical people, has to address the problem through the 
project charter, laying out the statement of the problem, 
the goals, the project scope with the key objectives, 
expected results and milestones. A GANTT diagram and 
a work breakdown structure have to set a precise time 
schedule and assign responsibilities of tasks, defining 
interconnections among activities. At this stage, 
quantifying the potential financial benefits of the project is 
a key requisite to properly execute the activities. 

Drawing up a SIPOC diagram (Suppliers, Inputs, Process, 
Outputs, Customers) is the natural subsequent step for 
two reasons: first because it contains the complete logistic 
process flowchart with the most important features like 
inputs, outputs and, optionally, who is in charge of the 
different activities; secondly because it allows to make a 
first differentiation between internal and external suppliers 
(carriers, outside contractors, etc.) and customers (carriers, 
warehouses, wholesalers, end consumers, etc.). 

Differently from some traditional approaches, Lean Six 
Sigma is strongly customer focused as it embraces the 
“marketing concept” that customers are the business’ 
reason for being. Defining the Voice of Customer (VOC) 
data on what customer wants and need is a responsibility 
of the leadership. After the team gets a pertinent 
representation of VOC, the need is to translate this 
information into Critical Customer Requirements (CCR). 
A CCR is a specific characteristic of the service desired by 
the customer and also it should be measurable with a 
target and an allowable range. As for VOC, the Voice of 
Business (VOB) plays a main role in the project. The costs 
of providing the right logistical service to any individual 
customer have to be compared with its profitability, so a 
profit analysis can be employed on a customer-by-
customer basis. Nevertheless, Critical Business 
Requirements and CCR may conflict sometimes. 
Leadership must help resolve these conflicts and establish 
priorities for the team. In a Lean logistics perspective, 
“zero inventories” and a “reactive” supply chain are main 
objectives. Meet the CCR is the only way to avoid wastes 
and achieve better performances as it represents a shift 
from push to pull paradigm. 

Parallel to the customer focused analysis, the team has to 
break down the project objectives in all the components 
that concur to the performances. This has to be translated 
into Critical to Quality (CTQ) measures. CTQ tree is the  

 

 



Table 1. CTQ tree for logistics process reengineering 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

main tool to indicate what is important to work on in 
order to reach customer’s satisfaction. Through a 
correlation matrix, indeed, it is possible to weigh the 
importance of the various process parameters on the basis 
of the business and customer requirements scores 
determined by a direct survey. Questionnaires have to deal 
with both organizational and operational issues in order to 
depict as best as possible the different aspects connected 
to logistical processes stakeholders. In details, these 
aspects may concern experienced problems with the 
logistical service or with the management of specific 
situations, desires of specific performance areas of 
improvement and requests for new process features or 
particular services to increase internal and external 
customer satisfaction. Main actors to involve in the survey 
are: logistics manager and office workers, quality manager, 
sales manager, customer service manager, chief 
accountant, operations manager. Managers of the major 
geographical areas can also be taken in consideration to 
have a territorial point of view. 

The relationships among requirements and CTQs allow to 
define the ranking of the process features and to 
concentrate on the really significant measurements in the 
following stage. A Pareto Chart can facilitate this 
segmentation, pointing out three different classes of 
relevance to prioritize the Measure phase activities. This 
means that in case of difficulties in data recovering 
activities, class A and B measurements will deserve the 
major attention since their treatment would have positive 
consequences on a bigger number of requirements. Table 
1 shows a standard of CTQ tree for logistics process 
reengineering. 

5.2 Measure 

Measurement refers to the assessment of the current state 
of each CTQ. Precision in defining the problem should 
facilitate this stage. Critical measures identified by the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

team are not always reported so there is the need to 
collect data to verify the current performance level. 
Therefore, the starting point of the measure phase is the 
definition of a data collection plan that lists what to 
collect, the sample of each data (in time and quantity), 
who is in charge of, when the collection has to start and 
the aim of each single measurement. Companies often do 
not have an organized measurement system for logistics 
management and monitoring. Some data are missing or 
difficult to retrieve, others are spread over electronic and 
paper supports, sometimes their information are 
conflicting. The team has to pay attention in setting up 
them. Reliability of pre-existing data has to be checked 
and validated and discrepancies between different sources 
have to be smoothed out. 

Since Six Sigma methodology strongly focuses on 
variation reduction, the measures cannot be fully defined 
by their mean but a quantification of their variance is 
needed. This issue is particularly important in logistics 
projects and the team has to pay attention to use tools like 
control charts, capacity indexes, sigma level: logistic 
processes are not always standardized like manufacturing 
ones and the hypothesis of adherence to Gaussian rules is 
not necessarily verified. This is also due to singularities 
that are not so rare, like delayed deliveries under customer 
own requests, extra cost entries for urgent deliveries that 
were not scheduled, and many other kind of particular 
services that only logistics function has to deal with. 
Measure phase often reveals special or particular out of 
control causes as logistic function has a strong 
organizational component that influences practices 
depending on temporary necessities. These changes tend 
to stratify over years and to become the cause of 
inefficiencies and wastes, affecting the performances of 
the system.  
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A good set of indicators to test the operational health 
state of logistics may be related to the SCOR (Supply 
Chain Operations Reference) model. Trying to focus it on 
logistics, indicators must contribute to identify: 

- Perfect Order Fulfillment: percentage of orders that 
satisfy deliveries performance in punctually, 
quantity and completeness; 

- Order Fulfillment Cycle Time: mean time to delivery; 

- Return on Working Capital; 

- Network Management Cost: including organizational 
(planning, executing and administration) and 
operational costs (installation, inventory, 
transportation, handling, lead times, taxes, etc.). 

To perform a more complete analysis it is possible to 
detail indicators through perspectives such as product 
class, weight range, geographical area, customer type, and 
so on. Other possible sources to take into account are the 
Key Performance Indicator of CPFR (Collaborative Planning, 
Forecasting and Replenishment) and Logistic Model of 
VICS (Voluntary Interindustry Commerce Standards 
Association). 

A value stream map is the main output of this stage. It 
uses flowchart techniques to depict the whole of activities 
performed in the main logistic phases such as sourcing, 
making and delivery of a specific item or product. Value 
stream map normally takes shape from process maps to 
identify activities that create value to customers, activities 
that create value to the other stakeholders and activities 
that are useless and can be eliminated like wastes: it opens 
eyes on the waste created in the normal scope of business 
and the opportunity to improve logistical flows. 
Collaboration between nonoperational business functions 
like customer service and promotional product support 
and operational areas like logistics enhances the significant 
waste elimination. Moreover a good VOC comprehension 
helps the assessment of the value stream map since it is 
the only way to know what customer really needs and is 
willing to pay for.  

5.3 Analyze 

After the definition of the problems and the identification 
of focal measures, the DMAIC process proceeds with the 
Analyze phase in which the team determines the root 
causes of the emerged problems. Particular attention is 
paid to those problems that are leading to unnecessary 
costs, dissatisfied customers and bad performances. The 
main objective should be drive out the variance in delivery 
reliability, examining:  

- the way the order is collected, processed and 
transformed into scheduled shipment;  

- the way the order is physically prepared, staged 
and loaded;  

- the time for cut-off, pickup and delivery; 

- the carriers and drivers to perform the delivery; 

- the documentation associated with the shipment. 

Once the criticalities have been pointed out by 
measurement evidences, they need to be detailed, 
correlated and broken down into root causes through 
tools like Ishikawa diagram, Pareto diagram, 5 Why’s and 
Regression methods. Then, as logistics performances 
depend on multiple business connections, the identified 
causes have to be summarized and categorized to draw up 
a consistent analysis framework. Affinity diagram is a 
useful tool to better understand and order the amount of 
unmatched causes. Possible clusters to organize internal 
and external causes, according to the necessity of 
investments and the possibility that logistics managers 
have to drive changes, are: 

- Management factors (customer relationship, 
partnership agreements, internal alignment, 
internal control systems, etc.); 

- Market factors (competitors, cost structure, time 
to delivery, etc.); 

- Technology factors (data interchange systems, 
logistics management systems, track and trace 
systems, automatic report generation, etc.); 

- Environmental factors (legal, infrastructural, 
geographical, transactional, etc.). 

The target of the Analyze phase is to point out the most 
critical areas for the logistic processes. In most cases the 
main improvement areas to focus on are service level and 
total costs. The former is particularly emphasized by the 
proper nature of Six Sigma methodology towards 
customer satisfaction, whereas the latter is more 
connected to Lean thinking about waste avoidance and 
cost saving.  

5.4 Improve 

Improvement areas identified in the Analyze phase have 
to be validated and discussed in this stage through 
brainstorming techniques that involve all or part of the 
actors present in the Define phase. Evaluations of the 
proposed solutions cannot be only based on cost-benefit 
analysis. The presence of tangible and intangible aspects 
and the importance of customer-view based parameters 
like VOC and service level suggest the use of multicriterial 
methods for decision making to deal with logistic complex 
problems. 

Logistics offers a broad spectrum of improvement areas 
since it has multiple connections with all the other 
business functions. The process of generating solution has 
to avoid the risk of confusion between strategic, tactical 
and operational levels of analysis. Some improvements, 
due to operational changes, sometimes come directly from 
the Analyze phase and can be implemented in itinere 
during the project giving immediate results, such as 
policies on urgent deliveries management, vehicle routing 
schedule or management rules for special classes of 
orders. Other improvements need more important 
changes, like modifications in database management 
systems, geographical integration policies or changes in 
production schedule, and can be effective in some 
months. Strategic improvements instead require long term 



planning to reach the breakthrough point and affect the 
whole characterization of the network or the modus 
operandi. These changes could take over a year to give back 
tangible results and normally regard decisions like the 
installation of new facilities and infrastructures or the 
shutdown of useless warehouses. Since the last category is 
unpredictable and strongly dependent on the various 
business realities, Table 2 reports a standard set of tactical 
and operational examples of solutions.  

 

Table 2. Improvement solutions 

5.5 Control 

Key words for Control phase are deployment and 
standardization.  The former because solutions generated 
in the previous stage that have gained consensus by the 
board are ready to be implemented. The latter because the 
objective is to render logistics processes similar to 
standard Lean processes in order to have a better control 
on wastes generation, apply classical Lean tools to 
implement continuous improvement mechanisms and 
extend the new approach to providers, in particular to 
carriers and warehouses.  

Logistics processes should be designed such that they can 
meet not only the present situation requirements but also 
changes that could characterize future environment, like 
demand fluctuations, supplier turnover and new market 
challenges. So robustness and flexibility are mandatory 
attributes for new process solutions.  

Communication is fundamental to accelerate the 
transitory phase and get the commitment of the actors. 
Sometimes the biggest obstacle to right implement the 
reengineered solutions is represented by middle managers 
who do not embrace the new ways of working. At a 

corporate level the most important thing is leadership 
drive and consensus to change the organization and 
improve the business. More in general, one key to achieve 
a successful Six Sigma project is having a customer 
representative as a member of the team, someone who has 
a vested interest in the result and can add a different 
perspective.  

In an external perspective, the solid understanding of Six 
Sigma practices and principles can give to partners and 
suppliers a path to continuous process improvement. 

6. Case study 

The methodology was applied in an international 
lubricants company in the north-east of Italy with 
approximately a € 90 million turnover and a market share 
of 8-9%. The company operates in a blending plant where 
rough materials, primarily bases and chemical additives, 
are mixed through to obtain retail products. The sales 
structure doesn’t rely on wholesaler to centralize the 
demand but it is rather based on a multitude of 
commercial agents that are deeply rooted on the territory, 
so that the company has to deal with customers one by 
one. This means the necessity of arranging personalized 
freight transports with an important workload increase for 
logistics office-workers and a risky rise of service failures. 

The company’s products are distinguished in loose and 
packed lubricants, each one with a different transportation 
modality. The latter accounts for around 60% of the 
products. 

In the last years the company experienced a drop in 
demand and consequent problems related to all the 
logistics aspects regarding the packed lubricants. The 
project was aimed at saving cost while, at the same time,  
setting of clear service level provided by carriers and 
putting in place a performance control system. The 
expected business results were the consequence of: 

- reduction of inventory costs and stock level; 

- reduction of working capital;  

- reengineering of delivery policies; 

- introduction of technology to enhance 
communication with carriers; 

- creation of a database system to manage 
knowledge about carriers pricing policy and total 
logistics costs; 

- revaluation of the strategic importance of 
secondary warehouses; 

- reduction of carriers; 

- timely deliveries. 

In an attempt to reduce wastes and costs in order to 
preserve the capital gain, the company decided to employ 
the Lean Six Sigma methodology in the logistics function 
through the implementation of the DMAIC approach. As 
generally explained in the present paper, project’s first 
phases moved through collection of preliminary data, 
analytical measurement activities and root causes 

Improvement 
areas 

Improvement solutions 

Service level 

shipment rate increase through deliveries 
unification policies 

reduction of materials handling 
throughout the delivery stream 

full control on carriers performances with 
contracts and penalties 

increase of stocked available products 

clear and shared procedures introduction 

ad hoc management rules for special 
products classes 

Costs 

connection of logistics budget and 
performances to other business functions 

centralization of logistic processes, e.g. 
carriers contracting 

reduction of logistic wastes, e.g. less than 
truck load trips, through geographical 
unification policies 

special cost entries standardization 

periodic check of transportation 
performance and market 



identification by the use of tools such as SIPOC diagram, 
Value Stream Map, XY Matrix, fishbone diagrams, Pareto 
diagram and Affinity diagram. 

Major difficulties in carrying out the project have been 
experienced in Measure phase since the company had not 
a structured measurement and monitoring system and the 
responsibilities about processes and data management 
were loose and not clearly defined. A complex work of 
documents merge and validation brought to a solid 
database as a shared starting point for the measurement 
activities and also for the everyday work of employees. 

The project has been organized as a logistics business 
process reengineering. The high level objective was to 
conduct a complete gap analysis to best structure “to be” 
processes and draft a call for tenders for best suppliers 
selection. This means that processes and practices had to 
be totally reorganized to constitute the basis for the 
settlement of new partnerships.  

Final results are totally satisfactory. The project have 
raised an estimated reduction of transport costs from 20% 
to an exact 25% and an estimated reduction of inventories 
from 15 to a 40%, achieving at the same time a 35% 
increase of service level. Working capital has been reduced 
of 30% and the carriers number has shifted from 29 to 6. 

7. Conclusion 

Beyond the specific results, the experience showed some 
general findings of interest, in particular in the 
standardization of requirement definition (VOC, VOB 
and CTQ), sets of indicators, data analysis tools, problem 
solving patterns and improvement solutions generation. 
The aim of creating effective guidelines to Lean Six Sigma 
Logistics projects has been observed through a complete 
step by step analysis of the different phases of DMAIC 
customized on logistics necessities and the case study 
confirmed the validity of the approach showing 
interesting results in quality and costing areas.  

After launching a corporate-wide Lean Six Sigma 
initiative, leadership should consider how to get this 
approach standardized in the supply chain. To fully get a 
Six Sigma performance level indeed, companies cannot 
work with three or four Sigma suppliers. One company 
should master the methodology before attempting to 
transfer it to suppliers and management should clearly 
identify potential effects of launching Lean Six Sigma in a 
supply chain on corporate performance and on supply 
chain members. Furthermore supplier must see value in 
adopting Lean Six Sigma methodology o collaborate with 
the organization. 

Therefore a possible future development of this study is 
the possibility to extend the presented approach to the 
providers the company has decided to work with. 
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