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ABSTRACT 
This work is focused on presenting the implementation 
of the kanban tool in the more general context of the 
Total Flow Management model. This imposes to 
radically restructure, in a lean perspective. internal and 
external logistics processes, considering the whole 
supply chain, through which it is possible to get a global 
optimization of enterprise’s operations. 
The Total Flow Management model will be explained, 
analyzing the pillars that sustain it. A simulation based 
implementation of this model in a typical automotive 
production plant has been presented. 

 
Keywords: lean production, Kanban, Total Flow 
Management, KPI, flexible production,. 

 
1. INTRODUCTION 
The instability of competitive markets and the strong 
competitive dynamics represent tough challenges for 
companies that want to survive and generate the 
decisive push proposals to new systems of production 
and management, which often completely overturn the 
existing reality. 

Comes the need to abandon the "old model" to 
allow management to cut costs and focus on levers of 
competitiveness, emphasizing the role of the consumer. 
Change in a clear way the focus management, no longer 
solely directed to the productivity but also on the 
quality and punctuality. Western companies began to 
turn their eyes to innovative production models, born in 
Japan after World War II when the Japanese industry 
conditions was exhausted from the devastation of World 
War II 

In this new approach is the customer who defines 
the volume of production and the timing, the 
requirements are then determined downstream and 
"pull" the entire production system. With a view to 
reducing costs and increasing the delivery precision, 
one aims to break down any waste and to act in a 
continuous manner. It then tries to minimize the stocks 
of both raw materials and finished goods, reduce lead 
time by coordinating the entire production system, 
paying particular attention to elements of reliability and 
quality of both the production process and the product 
or service to the customer .  

 
The areas of competitiveness to be investigated can 

be multiple and dependent also on the type of 
organization concerned. Certainly, in the current 
context, it is possible to think that the majority of 
businesses, goods or services, must in any case pay 
particular attention to these areas: 

 
• Customer satisfaction and on-time delivery 
• Efficiency and quality of processes and 

product 
• Innovation and Growth 
• Human resources, employee satisfaction, 

communication 
• Economic and financial results 

 
For each "area" defines the Critical Success 

Factors (CSF, Critical Success Factors) and then 
extrapolated a number of Key Performance Indicators 
(KPI Key Performance Indicator). You can then assume 
different levels of detail related to specific levels of 
management: 

 
1. Critical Success Factors: are defined critical 

areas of business and strategic indicators 
specified at strategic level 

2. Key Performance Indicators: identifies the 
performance-critical business process-oriented 
control of operations operational level 
 

Through the CSF calibrates the entire measurement 
system, focusing mainly on all those strategic variables 
able to determine business success. Identify the strategic 
variables you need to build the benchmarks that need to 
make comprehensive information and comply with 
certain qualitative and quantitative characteristics. 
Ultimately, a model of analysis of business performance 
effectively will have to consider, understand and 
dynamically analyze all the factors that participate 
directly or indirectly in the performance of the company 
to provide an interpretative model of primary and 
secondary processes and the interactions between them, 
thus ensuring a monitoring of activities. This model also 
provides a valuable tool to identify the right cause-
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effect relationships between the performance recorded 
as supporting the activities of process improvement and 
customer satisfaction. In this sense, the measurements 
are therefore the basis for any attempt to improve the 
company, especially in optical Kaizen Continuous 
Improvement, because they offer us a clear idea of the 
current state and, through the definition of the target, 
allow you to show the direction to a optimal 
management, aimed at achieving the objectives. 

The goals may be set for each organizational level 
and monitored through measurements, therefore, can 
show different levels of detail, from more or less simple 
(related to operational processes) to measurements 
consolidated and / or aggregated. 

The remainder of this paper is organized as 
follows. In Section 2 the total flow management model 
is presented together with a perspective on lean 
production concepts. In Section 3 the implementation 
case study is introduced. In Section 4 an analysis on the 
project’s results is conducted. Finally, Section 5 
concludes this work. 
 
2. LEAN PRODUCTION FLOW AND PULL 
The Lean is recognized as one of the most popular 
management tools to deal with the strong 
competitiveness in manufacturing companies or 
logistics. 

In this context, the primary need was to be able to 
get the maximum output with minimum use of 
resources, so the goal is to maximize the efficiency of 
processes, operations. For this to be achieved it is 
necessary to effectively eliminate all types of waste 
(muda) and focus on the processes that create value for 
the customer. It is only the latter that should be 
concentrated efforts because they are the moments 
when you generate wealth and competitiveness for the 
company. The activity of elimination of waste is carried 
out in the whole production process and follows the 
principles of Kaizen, a word derived from the Japanese 
words Kai and Zen (renewal and off, respectively) 
mutated in the West in "continuous improvement. The 
strength of this approach lies in the search for simple 
solutions that can be implemented quickly without the 
need to resort to strong structural or technological 
investment. 

The focal point of the new organizational model is 
the creation of a flow that is "pulled" by the actual 
customer orders and continuously improved. In order to 
be effectively managed such a system must be complied 
with the principles: 

 
1. Quality first 
2.  Elimination of waste 
3.  Orientation to the Gemba 
4.  People development 
5. Visual standards 
6.  Observe the processes and results 
7. Lean Thinking 

 

Quality management is one of the elements that 
have more benefits and universally accepted. It was the 
statistical Deming, Juran and Ishikawa to emphasize 
how a strategy based on quality could be turned into a 
competitive advantage and efficiency. The quality has 
to be defined according to what the market demands, 
the goal is customer satisfaction which requires certain 
services at competitive prices. This approach uses a 
variety of analytical tools based on objective data, so 
you can better measure and understand the phenomena 
to be evaluated, and extensive use of statistical tools 
such as correlation analysis or control charts and 
introduce, from the methodological point of view, 
concepts such as cause and effect diagrams and cycles 
of Deming (or PDCA, plan-do-check-act), which will 
form the basis of continuous improvement. 

The real fundamental concept of Lean to achieve 
competitiveness and excellence is the elimination of 
waste, the muda, the causes of variability, walls, and 
losses, walls, through the Kaizen approach. Excessive 
volatility is determined by the lack of stability and 
reliability, resulting in complications for the process 
control and implementation of timely intervention to 
limit the damage. For walls are the difficulties that 
determine loss of time and energy, for example, loss of 
time can be achieved if the workstations are not 
ergonomic and therefore cause operators to make 
unnatural movements may be, energy losses due to lack 
of satisfactory yields . It is usually placed particular 
attention to the walls because they may present risks of 
injury. 

The third principle pertains to the Gemba, a 
Japanese term for the shop floor, or the workshop, in 
the Kaizen approach the place where the improvements 
are made. The strength of continuous improvement is to 
be found in the concrete activities carried out in the 
field, directly addressing the difficulties identified 
without deleterious loss of time. A typical resolution of 
a problem involves the direct observation of the reality 
on the gemba, the collection of data and information on 
observed evidence and a search for solutions through 
the brainstorming group, formed mainly by staff 
directly employed in criticism. In this way, the 
improvement comes from below, is not imposed, it is 
therefore more understandable, shared and achievable. 
Hence the emphasis on the involvement of individuals 
in kaizen activities. Working in a team, and invest in the 
training of people increases the quality of service and 
reduce costs. The first step to changing habits is enable 
people to create and manage an improvement, making 
them aware and conscious of waste and inefficiency 
where it takes place. Therefore, any person within the 
company, from top management to the shop floor, must 
be fully involved in order to obtain a truly efficient. 

The visual standard is expressed in the concept that 
"one picture is worth a thousand words and a standard is 
the most efficient way to accomplish a task". If an 
activity is not standardized is exposed to variability, 
depending on the different ways to carry it out by the 
various operators. Create a standard with visual support 
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is more immediate and simple to understand, compared 
to a standard descriptive. The definition of a standard 
work involves a study of the methods of conducting 
business, through a careful analysis of the processes and 
the establishment of targets for improvement, and 
represents an optimization of the actions of workers, 
according to a certain cycle time and line with the flow 
of materials. 

Lean thinking is the real principle at issue. Pull 
Flow means to organize the whole supply chain (or for 
simplicity the internal logistic and manufacturing flows) 
with a view to optimize the flow of material and 
information. To achieve this, the emphasis must surely 
be placed on the elimination of muda or the 
expectations and demands of the customer. The idea of 
the flow of material, ideally a one-piece flow, is often 
counteracted by the conviction of economy of the 
production batch. It may seem absurd to even work on 
individual orders, consumption, to produce individual 
units, because they might be too small and synonyms, 
erroneously, of inefficiency. The experience of the 
Toyota Production System demonstrates what can be 
winning the introduction, in a radical way, this new 
method of organization of operations, in terms of 
ongoing results. 

Lean and Kaizen methodologies learned the issue 
is to define the sustainability of the model identified. 
For this to happen its implementation must proceed 
through a single overview of the entire supply chain, 
from suppliers to customers, keeping in mind what is 
the direction and purpose which you want to strive 

 
2.1. Total Flow Management (TFM) 
Total Flow Management is a management model for 
integrated logistics, Lean in optics, applied to the entire 
supply chain of a given company is manufacturing and 
services. Applying the model in the first instance you 
want to create an internal pull flow in maximum 
operational efficiency and free of non-value added 
(NVAA), then consider the extension to the valley (the 
delivery side, ie customers) and upstream ( the source 
side, ie the suppliers). The flow of materials can be 
considered as a repeated sequence of four types of 
transaction, namely transport, inspection, waiting and 
transformation, the only real value added activities. The 
main objective is the reduction of total lead time, as 
measured coverage of stocks, eliminating muda process, 
creating benefits in terms of cost reduction and working 
capital, increased productivity and quality in order to 
achieve a higher level of service provided to customers 
and to improve, therefore, the satisfaction. You reach 
these objectives through the redesign of logistics and 
implementation of the one-piece flow loop, driven by 
actual customer orders, which define the so-called 
customer takt, quantifying the need for restocking of 
inventories and production volumes. Therefore orders 
the production or distribution are no longer based on 
predictive models, which are still useful for capacity 
management. 

 

2.2. Logistic Loops 
The Total Flow Management model divides the supply 
chain a loop a series of logistic (logistic pull loop, LL), 
information and material, by the final consumer to the 
supplier. Based on a simple supply chain, including 
manufacturing company with a client and a distribution 
center warehouse supplier of raw materials, it is 
possible to identify three main types of logistic pull 
loop: 

 
• Withdrawal finished products 
• Production 
• Collection of components and raw materials 

 
The first LL is generated when a customer buys a 
product and inventory management models of the 
distribution center identified the need to send a 
replenishment order by generating a flow of 
information, which will be sent to the production 
process, and having tried, and a material flow (control, 
selection, collection and transport of the product) from 
the finished goods warehouse. The management 
objective for this loop is the creation of a flow that 
eliminates the stages in which the material and 
information remain pending. The major constraint is the 
availability of the product at the time of sampling and 
frequency of transport. 

At this point it started the production of LL that 
can respond to a need to restore inventory levels (make 
to stock, MTS) or the creation of an ordered product 
does not exist (make to order, MTO). Processing the 
information available are reworded as production 
orders, scheduled times and needs, considering the 
small batches of production and the BOM and 
sequencing the operations on the first line pacemaker 
(the line bottleneck that affects the capacity of 
production of establishment). Meanwhile the client is 
meeting their demands by resorting to the warehouse 
stock. In accordance with the schedules the transport of 
materials or components and the production must take 
place within the time and in the right places, and it is at 
this point that concentrate most of the opportunities for 
improvement aimed at the pull flow. 

The third type of loop logistic concerning the 
sampling of materials or components, i.e. the supply of 
production processes. The primary objective is to pick 
up and supply lines in a synchronized way, restoring the 
inventory levels at the point of use, using kanban 
systems, physical or electronic call. For the need of just 
in time several problems arise when increases the 
number of different components and materials required. 
The total flow management model aims perfect 
synchronization using physical systems supply and 
standard supply that can provide immediate answers. 
An additional loop logistics, intermediate, could be 
defined by the production of supplied pre-assembled in 
the correct sequence and in the right time at the final 
assembly lines. 

Analyzing the supply chain as a set of logistic 
loops you can easily identify the difficulties in 
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managing the system. For example in the automotive 
industry a greater complexity is revealed in the final 
assembly (i.e. the loop of production) and in the 
collection of materials and components, evidently due 
to the large abundance of these components and the 
need of synchronization thrust, given the nature often 
automated lines. Every industrial has still endemic in 
dependence of the complexity as well as the variety of 
materials managed also by the type of distribution 
flows. 

 
2.3. The Total Flow Management Pillars 
The flow of information and materials identified 
through the analysis of logistic loop can be grouped into 
three macro flows, the pillars of TFM (Figure 2): 

1. Production Flow 
2. Internal logistics flow 
3. External logistics flow 

In a Total Flow Management optics each of these flows 
must be analyzed and optimized by applying the 
principles of Lean and Kaizen tools. 

The first step is to improve the production flow, 
which ranks as objectives the implementation of the 
one-piece flow, increased flexibility by adjusting the 
setup and an increase in operational efficiency and 
supply. The improvement actions are divided into these 
categories: Redesign of the layout and lines in optical 
one-piece flow; redesign of the perimeter of the line for 
the efficiency of supply; definition of standard work for 
operational efficiency; SMED technique for flexibility 
in setup, low-cost automation to reduce the walls. 

The second step is the optimization of internal 
logistics flows, including all the movements of small 
containers inside the plant but also the related 
information flows. In this case the improvement actions 
are divided into the following areas: supermarkets to 
increase the efficiency of the material withdrawals; 
mizusumashi system to simplify and streamline internal 
transport of the material to the point of use; 
synchronization as a co-ordination between supply and 
production leveling productivity of the lines and 
equipment in relation to the takt time, pull production 
planning in accordance with the actual customer orders. 
Finally, the third step is the optimization of external 
logistics flows, i.e. the handling of materials and 
products, generally parceled out in pallet from the 
factory to customers and suppliers to the plant. In this 
case, the categories of intervention are: redesign of the 
stores and warehouses; creation of the milk run, i.e. an 
external flow of transport; physical flows in (inbound) 
and outgoing (outbound) through small containers and 
pallets; planning pull the logistics to handle the material 
withdrawals according to the royal orders of consumers. 
To complete the Total Flow Management model there 
are two basic pillars: 

 
• Basic reliability 
• Supply chain design 

 

The first one is related to the concept also developed in 
the Toyota Production System of basic stability, for 
which the creation of a stream cannot do without a 
certain level of stability in terms of 4M (Labor, 
Equipment, Materials and Methods). The basic 
reliability analyzes the reliability of the available 
resources and how effectively they are compatible with 
the realization of the total flow. For efficiency is evident 
the importance of conducting that analysis beforehand, 
so as to have a basis on which to develop the other 
pillars of the TFM model. 

The supply chain design is the design instead of 
the entire logistics system, through the standard tools 
such as the visual stream mapping, which is useful to 
represent flows of material and information, or spaghetti 
chart, which is a graphical representation of the physical 
flows. 

 

 
Figure 2: The Total Flow Management model 

 
2.3.1. The Basic Reliability Pillar 
The first pillar of Total Flow Management Model is the 
basic reliability you need, as already mentioned, to 
develop a stability in terms of manpower, machines, 
materials and methods (4M). To get a basic reliability is 
necessary to develop a sustainable capacity for change, 
the company must initiate a culture that is focused on 
continuous improvement through the implementation of 
growth-oriented solutions at the factory (Gemba), in 
accordance with the principles Kaizen, must i.e. to 
become a learning organization, or a learning 
organization. This concept, defined as learning by 
doing, is expressed in the fact that to get good results is 
necessary to develop proactive attitude in Gemba in 
order to try new ideas without bias on the results and 
judge them only after they have been put into practice, 
making it valid through 'implementation, so on tangible 
results and tested. To this end it is essential to the 
involvement of staff so that the drive for improvement 
has many sources as possible and often the suggestions 
of those who are directly involved in the process can be 
a winner. Before you try to change or improve any 
activity or process is therefore a clear need to change 
the corporate culture in a new "mentality Kaizen" and 
spread awareness of the effectiveness of the tools used. 
The first step in the change capability is the 
development of skills related to a widespread 
recognition of muda and identify projects, assigned to 
functional groups, committed to the elimination of 

V. Supply Chain Design (SCD)

II. Production Flow III. Internal Logistic Flow IV.  External Logistic Flow

Low Cost Automation Production Pull Planning Logistic Pull Planning

SMED Levelling Deliver Flows ‐ Outbound

StandardWork Syncronization Source Flows ‐ Inbound

Border of Line Mizusumashi Milk Run

Lineand Layout Design Supermarkets Storageand Warehouse Design

I.     Basic Reliability
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The reorganization of the supply system has 
allowed a concrete manage orders in Just in Time, fully 
realizing the expected benefits. Polymeric materials, 
bulky, are fed in a synchronized manner to the 
production orders daily scheduled in mixing room, 
while the feeding of the chemical additives, in 
quantities less and less expensive, is realized according 
to cycles kanban for full vacuum. The transfer of 
materials "pulled" by the orders production allows a 
reduction of stocks in mixing room, reducing the 
amount to the size defined by the supermarket planned, 
calculated on the coverage needs of two rounds. It was 
therefore moved from a warehouse management of raw 
materials at a JIT management, with withdrawal from 
suppliers exclusively in the quantities actually used and 
consequent economic benefits arising from the type of 
supply contract in place, namely the consignment stock.  

This result translates into a reduction of 57% of the 
economic value of the stock in the warehouse, by 
comparing the average value in the range prior to the 
introduction of the Kanban with the current period 
corresponding to the first months of activity of the new 
management. With the old approach was carried in 
inventory unused material then it would be stuck in 
storage awaiting consumption and meanwhile other 
codes had to be replenished more frequently, resulting 
in an entry and inventory levels undoubtedly higher. 
With the intervention of the Kanban instead in mixing 
room comes only what you need and will be consumed 
at the latest within the next two turns. The resulting 
material deposited as a stock represents the average 
amount of kanban in the small tabelliera ingredients out 
with regard to safety and the amount of WIP EPDM 
circulating in the mixing room. 

The evaluation is made considering the average 
stock inventory levels before replenishment which, it is 
recalled, is made one hour and a half before the 
beginning of the second round daily and covers two 
rounds, namely the daily production. 

The immediate control of inventory levels is 
possible, as already mentioned, through the use of 
integrated information systems to SAP. This procedure 
allows you to undo the need to take inventory, allowing 
the so-called Zero Patrolling, which translates in lower 
costs of labor and employment, which in fact can be 
used for other value-added activities. Other losses of 
manpower identified and removed or reduced through 
the adoption of Kanban affecting the movements inside 
the mixing room and also the activities of picking and 
warehousing, which has been optimized using Standard 
Work results from workshops organized on the Gemba. 
Indirect benefits are the reduction of levy in May MP of 
the quantity requested is not directly influenced by 
Kanban, although further improvement by providing a 
compilation of early material is in the pipeline, but can 
only be evaluated in the process stabilized. It is good to 
reiterate, however, that a project of efficient picking 
was already being realized by identifying the cells 
logistical grouping of codes for families. The transport 
of materials for storage in the mixing room is always 

done in 60 minutes on average, being more or less 
constant the absolute amount of material to be 
transported (vary the quantities for the individual 
codes), and takes place by means of forklifts with a 
capacity of about 3500 kg. Transport was not able to 
attend for reasons of layout of the two collection points, 
which does not allow the use of mechanized systems 
that could further reduce the time. Before Kanban time 
of filing and unloading materials employed an 
additional 60 minutes, on average, during which the 
products left in the department were deposited on the 
shelves and then had to be downloaded, and through 
systems manually before infrared signals as a result, 
databases MAGE in order to initiate the payment on 
consignment. 

All this has resulted in a reduction of 
replenishment of 66% and in proportion of labor costs 
also affected by the activities mentioned above. 
Ultimately, at the operational level and control the 
optimization made through the Kanban has enabled 
better management of flows and control of materials 
along the loop logistics of supply, by means of 
inventories more reliable, continuous, in less time, and 
allowing complete traceability codes handled. 
Consequently, it is the immediate possibility of an 
effective FIFO management that eliminates all of the 
problems such as rework of compounds expired or the 
difference of the compounds due to the raw materials 
that do not comply. The stock reduction also results in a 
reduction of the physical space occupied by the 
deposited material with consequent improvement to the 
activities carried out in the mixing room, especially for 
logistics handling and retrieval of materials. In this 
direction push the solutions of Visual and Material 
Management Standard Work adopted, that simplify 
storage and picking limiting the uncertainty to the 
timing of implementation and eliminating possible 
causes of errors. The creation and implementation of 
Kanban has been achieved without substantial capital 
investment, in line with the principles Lean and Kaizen 
methodologies for which the first improvements are 
those made simply by making changes in the current 
state attacking and eliminating muda because of all the 
waste . The application of Total Flow Management for 
the optimization of the loop logistics supply in Mixing 
Room, beyond the basic improvements in operational 
terms then for a broader management Pull-wide 
establishment, provision would have resulted in a 
relationship Benefits / Estimated cost approximately 
equal to 2. Remember that the methodology TFM 
projects to be considered valid and consistent must 
propose a relationship between benefits and costs, 
estimated in the first year of intervention, at least 
greater than unity. The effective management 
materialized implementing the project has procured in 
the early months of the results are more than 
satisfactory, whose projection on the year portends a 
benefit / cost ratio of about 2.17, in line with the 
provisions. 

Proceedings of the European Modeling and Simulation Symposium, 2013 
978-88-97999-22-5; Bruzzone, Jimenez, Longo, Merkuryev Eds. 

645



It was decided to simulate the behavior of the 
system under assessment and implementation through 
the use of Rockwell Arena simulation software to 
validate the hypothesis and to make further changes and 
implementations. The results obtained confirm the 
validity of the theory of the pillars of sistema. Lo 
implemented and simulation tool, in particular for the 
Kanban software Discrete Event Arena, it is useful to be 
able to test the changes of process and choose the best 
solution before operating the system in the real world, 
with a great saving of time and resources. The 
application of model built has shown, moreover, the 
reliability of the system and how the environment Arena 
is reliable and is, therefore, conceivable its use to 
simulate the entire production process, evaluate the 
results of the extension of Kanban and optimize the 
parameters, prior to engage in future improvements of 
the system. 
 
5. CONCLUSION 
In this work we have explored the concept of Lean and 
its application in logistics. The Lean was born and has 
grown over the years as the basis for achieving 
excellence in operations, in particular in the production, 
attacking waste and eliminating any probable cause of 
inefficiency, integrating and articulating in a systematic 
methodologies and "philosophies industrial "rated the 
quality and efficiency of the processes. Over the years 
the evolution of the markets in directions increasingly 
competitive, primarily as a result of globalization, has 
prompted companies to tighten the focus of more and 
more businesses around its core business, leading to 
wastage consider everything that is not directly related 
to it, thus favoring the use of outsourcing.  

This situation has led to the emergence of 
companies that specialize in providing highly 
productive services and not, but also created the 
conditions for a real transformation of productive no 
longer focused on the company, as an organization of 
people and vehicles aimed at the production and 
distribution of goods, but on a network of companies 
that collaborate and, in a sense, mutually contribute to 
success. The focus at maximum efficiency therefore 
extends from internal processes to external relations, 
namely the processes of coordination, integrated 
management, with an emphasis on logistics activities 
that regulate the connections between companies. The 
Total Flow Management approach fits into this context 
and through the concepts Lean aims to create Lean 
Supply Chain, aiming at the optimization of the loop 
logistic identified within the individual company (such 
as logistics) and the company to suppliers or customers 
(outbound logistics). The methodology TFM offers the 
opportunity of a common "language" for the various 
actors in the supply chain in order to extend the 
production flow Lean, based on takt time, the entire 
distribution chain, from end user to the first supplier of 
raw materials or semi-finished products. The 
elimination of the discontinuity in the value chain is 
needed in order to keep the costs under control and 

reduce them so as to be competitive on the market and 
then winning. 
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