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Abstract – Under the current concerns of resources efficiency, environmental impact and costs competitiveness 
within an industrial environment, it is essential to create methodologies to reduce wastes and increase productivity, 
in the constant pursuit for excellence. 

It is in this context that the MAESTRI project, which aims to advance the sustainability of European manufacturing 
industries by implementing an innovative approach – the Total Efficiency Framework, arose.  

Due to the relevance of resources efficiency and waste generation within the scope of the Total Efficiency 
Framework, a new methodology, the Multi-Layer Stream Mapping (MSM), is presented to assess the performance 
of production systems. 

The aim of this work is the application and validation of the MSM in a real case study specialized in the manufacture 
of heating devices. The production system is thus analysed, being made a description of the company, and all the 
required activities to manufacture the case study’s product, from raw material until expedition. 

Then, the current state of the production system is diagnosed, resorting the MSM, with the creation of simple and 
intuitive efficiency tables that allow to identify wastes and misuses along the production system. It is also proposed 
a complementary analysis to the quantification of wastes, a limitation identified in the original methodology, which 
can be integrated in the MSM. 

Finally, improvement actions are presented based on the diagnosis made, and the future state of the production 
system is estimated to anticipate new inefficiencies and misuses that can occur.  

Keywords – MAESTRI, Total Efficiency Framework, Multi-Layer Stream Mapping, Resources Efficiency, Waste, 
Improvement Actions; 

Due to an immense competitive pressure in a more 
demanding market, with well-defined customer 
requirements on the level of quality, costs, deadlines and 
environmental impact, several studies emerged related 
to resources efficiency and ecological concerns that 
apply production models to make a production system 
more efficient. On this context, the MAESTRI project 
came to light to meet the needs of the current industries 
in reducing waste and simultaneous increase the 
productivity and value of its products. It’s an European 
project that aims to increase the resources efficiency 
inside a company by applying Lean methods and 
implementing a new approach, the Total Efficiency 
Framework.  

The Total Efficiency Framework is an approach 
developed by the MAESTRI project to assess and 

increase a company’s performance [1], that integrates 
the Lean philosophy, based on a set of principles and 
tools that eliminate wastes, capable of improving the 
productive efficiency of any company [2] [3], and the 
concept of resources efficiency, that is grounded on 
creating more value with fewer resources, creating less 
waste [5]. The Total Efficiency Framework also 
incorporates a methodology that try to implement the 
Lean and resources efficiency logics in an industry 
environment, the Multi-Layer Stream Mapping (MSM). 
Respecting the lines of the MAESTRI project, this 
integration enables to evaluate resources and 
manufacturing processes, concluding in the assessment 
of the system’s efficiency. 

 

 

1 INTRODUCTION 
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2.1 The MAESTRI vision 

The MAESTRI project intends to inspire any production 
system of any corporation to a culture of improvement, 
sustainability and monitorization of the company’s 
environmental and economic performance [1].  

Nowadays, the industries’ current vision is to use and 
apply resources (raw materials, energy, consumables) 
without any structured management systems or tools in 
the company’s strategy. They transform the raw material 
into products and waste (without recognize that waste 
can be reused as a resource) and repeat this process 
continuously.  

The MAESTRI vision aims to implement an interactive 
value chain between companies, creating a cross 
sectorial collaboration among different industries 
environments [4]. The production system intends to 
share and assess resources and energy more efficiently. 

The better use of resources will provide a bigger quantity 
of final products and less waste that can be reused either 
internally or externally (synergies between production 
sites) [1] [5]. All of this will be monitored and optimized 
by tools that will support the decision process regarding 
resources, energy and waste efficiency, such as the 
Multi-Layer Stream Mapping, helping defining priorities 
to the environmental, economic and social aspects of the 
company. 
 

2.2 The Multi-Layer Stream Mapping 

The Multi-Layer Stream Mapping (MSM) is a Lean tool 
developed in INEGI by Lourenço et al. (2013) capable of 
measure, evaluate and increase the efficiency of a 
production system [6]. 

The MSM aims to assess the efficiency associated to a 
specific product flow and includes different variables 
(streams) that can be used to assess the system 
performance, like time, energy and consumables [7]. 
The methodology output consists in a matrix (the multi-
layer aspect), where the lines are the different variables 
(streams) used to evaluate the system (time, energy 
consumption, cost), and the columns are the processes 
by which the product flows (process units) [8].  

According to Lourenço et al. (2013) the MSM application 
must follow these steps [8]: 

• Identification of the system boundaries, processes 
and relevant KPI’s 

• Definition of the associated KPI for each process 

• Analysis of the results and identification of the 
inefficient processes 

• Prioritization of the improvement actions 

• Implementation of the improvement actions and 
collect results of the efficiency improvement and 
costs reduction 

All final results can be displayed in dashboards where 
the information is presented in a simple and intuitive 

way, where a set of colours is used to ease the 
interpretation of results and spot critical situations, in 
order to simplify results interpretation, contributing to 
prioritization of improvement actions, enhancing 
continuous improvement [9] [10]. 

By aggregating each unitary efficiency of the different 
processes, for each KPI, it will be obtained the Process 
Parameter Efficiency which is calculated by the ratio 
between the total added value and the overall total of 
that stream 

By aggregating individual performance levels of the 
different KPI’s in a process unit, it is possible to achieve 
the Unit Process Efficiency. It is the average value of all 
efficiency values within the process unit. 

 

Figure 1: MSM methodology (green colour 100% to 90%; 
yellow colour 89% to 70%; orange colour 69% to 40%; red 
colour less than 40%) 

 

 MSM 2.0 

The MSM was originally developed to evaluate and 
assess the efficiency level of all the add value activities 
in the production system. However, the production 
system is much more than the productive activities. All 
the logistics between processes, the not value added 
activities, have influence in the lead time and resources 
used to take the product to the client, and are not 
included in the MSM methodology.  

As Gomes (2016) purposed, the in-between processes 
activities must also be included in the assessment of the 
system’s performance to fully characterize the 
production system in the company. That means the non-
add value phases, like setup operations, transports, 
storages and waitings, are essential activities to study 
since they consume resources like time, energy and 
materials, have costs to the company and have influence 
in the performance of the add value activities since both, 
add value and non-add value, are correlated [7].  

So, a new approach of the MSM was proposed by 
Gomes (2016), the MSM 2.0, that integrates the waste 
activities in the original methodology, making possible to 
analyze the entire product flow. 

The suggested KPI calculation process for the MSM 2.0, 
is then also focused on reducing the wastes associated 
with the product flow [7].  

The author of the MSM 2.0 suggested that the KPI’s 
proposed can now be calculated by two different 
formulas (equations (1) and (2)) depending on the type 
of variable being assessed [7]. Perceiving there are 
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several types of KPI’s, depending on the strategy and 
goals of the company, it is essential to define the 
direction of improvement for each one of those KPI’s, 
since some should be minimized, like waste time, 
distances or stock levels, and others should be 
maximized, like if the number of right items is being 
manufactured or the time a machine is adding value to a 
product [7]. 

• For KPI’s that should be minimized, since the total 
values are above the designed value pre-defined by 
the company, the ratio is: 

 𝛷 =  
𝐷𝑒𝑠𝑖𝑔𝑛𝑒𝑑 𝑉𝑎𝑙𝑢𝑒

𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒
 (1) 

• For KPI’s that should be maximized, since the total 
values are below the designed value of the company, 
the ratio is: 

 𝛷 =
𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒

𝐷𝑒𝑠𝑖𝑔𝑛𝑒𝑑 𝑉𝑎𝑙𝑢𝑒
 (2) 

The designed value is usually defined by the company 
according to its goals and should be as realistic as 
possible, since with too ambitious targets will outcome a 
low efficiency level that can wrongly indicate a system is 
with a minor performance. The Total Value is the current 
value measured for that KPI. 

The present work consists on applying the MSM 
methodology to one of the MAESTRI’s partners, Manuel 
Conceição Graça (MCG) company, which includes 
several activities and types of manufacturing processes, 
and therefore, allows the application of the MSM.  

The global aim is to test and validate the MSM 2.0 
methodology and support decision-making for a 
production system, considering not only the operational 
performance, but also environmental and economic 
concerns, with the main focus in the in-between 
processes activities. 

The system to be studied consists in: 

• Three different sites of production: Metal 1, Metal 3 
and Metal 5; 

• Six manufacturing processes: laser cutting, bending, 
welding, shot-blast, liquid painting and assembly, 
sequentially; 

• Auxiliary operation in which all parts required to one 
process are manually grouped together and placed 
into one or more kit containers to progress in 
production, Kits; 

• Two safety stocks where the unfinished inventory 
wait for the next process, denominated W1 and SKI 

• All the resources necessary to promote a balanced 
service level and satisfy the customer needs, that 
involves all the operators, machines, one diesel van 
and five electrical forklifts; 

 

4.1 Value-add Activities 

Although the proposed work is to study the activities 
between processes, it is essential, in a first step, to 
diagnose the add value activities for a complete 
assessment of the production system efficiency 

It was defined with the company industrial manager that 
the Time, Electrical Energy and Area are the most 
relevant parameters for enhancing the processes 
efficiency.  

The data required as input to the MSM for the most 
relevant parameters was collected in-situ by time 
measurements and metering devices. All data is 
presented according to the functional unit, which in this 
case refers to the production of one part of the case 
study. The designed values for the processes that are 
the minimum time observed, energy consumed or area 
used to complete an operation. 

The evaluation of the value add activities performance 
(figure 3) reveals that the bending (23%) and welding 
(28%) are the least efficient processes, mainly due to 
operation time and area used.  

Regarding the Process Parameter Efficiency, the 
production time (14%) and area used (13%) are critical, 
while the electrical energy has an efficiency of 80%.  

In terms of the KPI Time, an overall analysis revealed 
that the machines are not working in their full operating 
performance and the time wasted by the operators in 
movimentations is fairly substantial. Regarding the KPI 
Area, it was measured the occupied area of the machine 
involved in the production of the case study part and 
compared with the total area of the process workstation 
(that has more machines and space for movimentations 
of the operators and products). The results evidence that 
the layout is misfit for the production of this part and that 
can be altered to avoid excessive movimentations of the 
operators and products. 

The costs analysis for the add value activities was based 
in values provided by the company, for workstation costs, 
which includes electrical energy consumed by the 
machine, water, auxiliary gases, ink and area, and 
manpower which is the cost of the operator per hour. 

The results allow a simple cost analysis that distinguish 
the costs associated with the designed and waste values 
of the different activities, respectively with green and red 
colour. 

The cost analysis reveals that 69% of the generated 
costs are spent in waste operations, illustrated by the red 
colour, and 31% is spent on designed activities, 
illustrated by the green colour (figure 4). The waste costs 
are mostly due to area costs and idle times of the 
machines (also with associated costs). 

3 CASE STUDY AND METHODOLOGY 

4 MSM RESULTS 
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In this case study, the liquid painting process has the 
highest contribution to the waste costs. By the time of 
the observation the operator was away of the liquid 

painting workstation, being the product stopped in this 
process with workstation costs associated.  

 

 

Figure 2: Processes efficiency dashboard 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 In-between processes activities 

For the analysis of the in-between processes activities, 
the data required as input to the MSM was also collected 
in-situ. Data regarding activity time, was collected by 
time measurements. The electrical energy consumption, 
distance and area was collected using metering devices. 
Diesel consumption was estimated by doing an average 
of the values observed in the company records of the 
last 6 months. The other KPI’s were assessed by 
observations. 

The designed values for the activities between 
processes were chosen with the MCG industrial 
manager with the objective of establishing benchmarks 
for these activities in order to fulfil the strategic goals of 
the company. 

The Unit Activity Efficiency results, for the flow analysis, 
show that the Laser – Bending (69%), Welding – Shot 
Blast (59%) and Liquid Painting – Body Assembly (60%) 

are the least efficient phases within the production 
system, mainly due to several misuses related with the 
KPI’s time, distance and right quantity of units. The 
Process Parameter Efficiency results indicate that the 
time (24%) and distance (3%) are the most inefficient 
KPI’s, exposing that the time wasted in the several 
activities and the distance travelled from one activity to 
another diverges a lot from the designed value of these 
KPI’s (figure 5).  

Analysing the time efficiency, the major misuses along 
the production system are due to time wasted in waitings 
between processes, due to bad scheduling of transport 
from one activity to another, and inventory time, 
consequence of the company “make to stock” strategy.  

The variable Distance has a low performance, because 
the laser cutting and liquid painting processes are in 
different sites of production and the welding process is 
not done at MCG. The welding is an outsource process 
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Figure 3: MSM costs analysis for processes  
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as result of the company ineptitude to manufacture so 
many different type of products, from several different 
clients, during the available working time. 

The efficiency of the KPI Right Quantity of material is 
also low since the batch is divided in kits of ten to go to 
the welding process, one kit at a time (all the parts 
should go to the welding at the same time to promote a 
continuous flow). In contrast the quality of production is 
excellent, illustrating that the desired quality standards 
along production are being achieved. 

In terms of resources efficiency (figure 6), the results 
reveal that the most critical non-add value activities are 
between laser cutting and shot blast, due to the Diesel, 
Area and Box Volume KPI’s. Regarding the process 
parameter efficiency, the Diesel and Area KPI’s are the 
most inefficient, with efficiencies of 33% and 1% 
respectively.  

The diesel consumed for the welding process represents 
an evident source of waste (for a longer distance, more 
diesel is required). Furthermore, the overall used area 
efficiency is critical since the limited area on the shop 
floor for the work-in-process is considerable superior 
than the currently designed, especially in the storages 
W1 and SKI. 

For the economic analysis, the total costs were 
estimated based on the values provided by MCG for 
electrical energy, diesel (average value of the last 6 
months), area and labor.  

The costs are estimated based on the designed and 
waste values of each activity.  

The overall cost evaluation for the in-between processes 
activities reveals that 96% of the production costs are 
waste, expressed by the red colour, where only 4% of 
the total costs the company is willing to spend, illustrated 
by the green colour (figure 7). 

The results also show that the main portion of the costs 
supported by MCG is between Body Assembly and 
Cover Assembly, due to the vast area of the storage SKI. 
In terms of resources efficiency, since the most critical 
aspects are related with area, consequently the overall 
area costs will have a critical impact on the system. 

It is also important to notice that a bad quality part, defect 
or error in the process will have different costs 
depending on how advance is the production. So, a 
deteriorated part in an activity, will not have only the 
costs of the corresponding activity but also all the 
accumulated cost of the preceding activities
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Figure 4: Flow efficiency Dashboard  
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The MSM approach contemplates that efficiencies 
inferior than 40% reveal critical situations within the 
production system, where the deviation of the current 
value from the designed value is quite significant, and, 
by the MSM methodology, should be the first targets of 
improvement actions in order to improve the overall 
system performance.  

However, through the interpretation of the MSM results, 
it was perceived that the MSM is assessing 
efficiency/inefficiency values, but “camouflages” the 
contribution of the physical quantity dimension of each 
variable.  

A complementary analysis is then proposed that 
contemplates the physical quantities of each stream and 
allows a more complete visualization and intuitive 
interpretation of the results, to support, in a better way, 
the decision-making process in terms of prioritization of 
improvement actions. In the end, more than identify the 
critical activities within the production system, the results 

are integrated in the MSM efficiency dashboard for a 
complete evaluation of the production system. 

Therefore, the analysis, that also includes the 
processes, considers the “weight” of the physical waste 
contribution of each process/activity, and correlate it with 
the MSM efficiency. The Effective Contribution to Waste 
(ECW) of each process/activity is calculated by the 
equation (3). 

 𝐸𝐶𝑊 (%) =  
∑ (𝑊𝑎𝑠𝑡𝑒 𝑣𝑎𝑙𝑢𝑒𝑠)𝑝ℎ𝑎𝑠𝑒 𝑖

𝑛
𝑖=1

(𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑠𝑡𝑒 𝑣𝑎𝑙𝑢𝑒𝑠)𝑠𝑡𝑟𝑒𝑎𝑚 𝑗

 (3) 

All the required information to quantify the ECW of each 
phase and compare it with the corresponding MSM 
unitary efficiency is present, and a graphical analysis of 
these two dimensions can be mapped (MSM efficiency 
vs ECW). 

Contemplating the MCG strategy of free capacity hours 
for production, it is essential to reduce the time wasted 
in the several activities of the production system. So, an 
analysis of the ECW of the KPI Time and respective 

5 MSM IMPROVEMENT 

Figure 6: MSM costs analysis for in-between processes activities  
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MSM unitary efficiencies through the different production 
processes is performed and is presented in figure 8.  

The X axis characterizes the ECW and the Y axis 
represents the MSM efficiency. Each circle represents 
the different processes/activities within the production 
system, with the colour scale of the MSM methodology 
to illustrate the corresponding efficiency value, and the 
graphic’s background illustrates the different zones of 
the ECW level (green for a reduced ECW and red for a 
high ECW). 

The final result enables an ample evaluation of the 
overall production system, through a simultaneous 
analysis of the MSM efficiency, that can include the 
functional, environmental or economic dimensions, and 
the respective physical Effective Contribution to Waste 
allowing the identification of phases with greater impact 
in the production system and an important resolution for 
the decision-making process. 

Regarding the process units, the outcome allows to see 
a combined reading of the MSM efficiency and ECW 
level. This new approach evidences that the critical 
process pointed by the original MSM methodology 
(Liquid Painting) is in fact the process that has the 
highest Effective Contribution to Waste, and by that 
should be target of analysis and imperative improvement 
actions. On the other hand, it is concluded that the 
bending process misuse is the current observed value 
being far from the designed value, since it has a 
diminutive contribution to the waste dimension of the 
variable time.  

Considering now the in-between processes activities, 
the same analysis can be made. It is presented in figure 
9.  

First, regarding the MSM perspective, it is crucial to 
improve the laser – bending, liquid painting – body 

assembly and welding – shot blast phases, since these 
activities have critical efficiencies of 11%, 29% and 34%, 
respectively (red colour). According to the MSM 
methodology, the other activities, are not yet so urgent 
to improve. 

However, the results of this analysis show that the time 
wasted in the bending-welding phase is more significant 
than the time wasted in other activities, contributing with 
a high percentage (57%) to the waste dimension of the 
KPI time (due to inventory time).  

Despite of not be the phase with lowest MSM 
performance, the elimination of the time wasted in the 
bending – welding phase frees more capacity hours for 
production than the elimination of the time wasted in the 
laser – bending (4%), welding – shot blast (0%) and 
liquid painting – B. Assembly (39%) phases combined. 

So, regarding the company strategy, it may be essential 
to first improve the bending – welding phase for the 
MCG’s future objectives. 

The study of the ECW is proposed to be integrated in the 
MSM methodology and can be applied for all the streams 
(figure 9). For example, in terms of the stream Distance, 
the results show that it should be better, in a first stage, 
to make the welding process at MCG than reduce the 
distance between all other phases since it has a higher 
ECW level of the KPI Distance.  

This mapping allows a clear “prioritization of 
improvement actions”, since the MSM approach, as 
demonstrated, cannot fully reflect the impact of the 
different activities in the production system, hence one 
activity denoted as more efficient than other, may be 
urgent to improve, since it can have a much higher 
negative impact to the company than other inefficient 
activity. 

 

Figure 8: Graphical comparison between MSM efficiency and 
ECW of each in-between processes phase for the variable 

time 

Figure 7: Graphical comparison between MSM efficiency and 
ECW of each process  
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Following the MSM diagnosis, it was possible to identify 
several reasons for the misuses along the production 
system, such as the company’s layout, absence of 
scheduled transports or excessive inventory. 

The problems identified were presented to the MCG’s 
management teams and after some meetings, important 
improvement actions were developed according to the 
company strategy and vision, with the objective of 
reducing and perhaps eliminate the most important 
inefficiencies of the production system. Some of them 
were analysed and already implemented by the top 
teams at MCG. The lean improvement actions act in the 
activities between processes and try to be solutions that 
not require a big investment. 

• New Layout 

A new layout was suggested and discussed where the 
laser cutting process is moved from Metal 1 to Metal 5, 

near the bending process, to decrease the distance 
between these two processes and consequently the 
transport time and diesel consumption. 

In table 3 the real impact of the proposed solution in the 
Transport activity between Laser Cutting and Bending 
can be observed. Moving the Laser workstation to Metal 
5 increased both transport time and distance efficiencies 
to 100% (the designed value was achieved), and 
eliminated diesel consumption, since the transport is 
now made by electrical forklift. 

• Make to Order 

The solution presented to MCG, was to change the 
strategy to a make-to-order policy and evolve the system 
into a pull production  to reduce the inventory quantity, 
and consequently the inventory time and storages area 
(less inventory, less area needed for storage). With the 
new solution, the high costs, time dispended on 

6 LEAN IMPROVEMENT ACTIONS 
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[%]

ECW 

[%]
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[%]
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[%]
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[%]
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[%]

MSM 

[%]
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[%]

Time [min] 11% 4% 41% 57% 34% 0% 100% 0% 29% 39% 86% 0%

Distance [m] 1% 6% 2% 42% 1% 41% 4% 6% 8% 5% 100% 0%

Right Quantity 100% 0% 74% 9% 21% 36% 21% 36% 22% 18% 100% 0%

Right Part 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0%

Right Quality 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0%

Right Place 100% 0% 100% 0% 100% 0% 100% 0% 100% 0% 100% 0%

B. Assemb. → 

Exp.
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Figure 9: Integrated analysis of the ECW in the MSM methodology  
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producing extra parts and related to inventory 
maintaining will be mitigated. 

From table 4, it can be observed the real impact of the 
proposed solution in inventory time and storage W1 
area. The inventory time is now ninety-one hours, 
because MCG choose to have a minimum amount of the 
case study’s part as safety stock. The area of the storage 
W1 also suffered a considerable reduction, since this 
solution was applied to all the products that are being 
manufactured at MCG, so the overall quantity of stock 

decreased, and therefore it is not necessary so much 
space in the shop floor to inventory maintaining. 

Consequently, both Time and Area efficiency suffered a 
raise. Table 5, show that between bending and welding, 
the Time efficiency raised from 41% to 56%, and area 
efficiency had an improvement of 1%. Between Liquid 
Painting and Body Assembly, the Time efficiency raised 
from 29% to 39% and the Area efficiency improved from 
1% to 5%. 

 

 

Table 1: Real impact of the proposed solution in the Transport activity b etween laser and bending, in terms of transport 

time, distance and diesel consumption of the “New Layout” solution  

 
Before Solution After Solution 

 
Quantity MSM Efficiency [%] Quantity MSM Efficiency [%] 

Transport Time [min] 4,13 24% 1 100% 

Distance [m] 710 1% 10 100% 

Diesel [L] 0,04 24% - - 

 

Table 2: Real impact of the proposed “make to order” solution in inventory time and storage W1 area of the Bending -Welding 
and Liq. Painting – B. Assembly phases 

 

Table 3: Real impact of the proposed “make to oreder”  solution in the Time efficiency and Area efficiency between the 
Bending-Welding and Liq. Painting and B. Assembly phases  

 

In the scope of the MAESTRI project, the presented work 
had as main focus to test and validate the Multi-Layer 
Stream Mapping methodology, using as case study a 
production system with several manufacturing 
processes, such as laser cutting, bending, welding, shot-
blast, painting and assembly.  

The MSM approach was then applied to overcome some 
of the limitations of the VSM tool. When applied to the 
case study, this methodology revealed capable of 
assess the overall performance of the production 
system, while evaluating the resources efficiency, as 
well as the costs generated along production. The MSM 
application allowed to perform a full diagnosis of the 
production system, where aspects like activities time, 
distance between processes, used area and diesel 

consumption revealed to be inefficient within the 
organisation.  

The MSM diagnosis also enabled to identify some 
limitations in this methodology. An important limitation 
identified was that the results presented by the MSM, 
efficiency ratios, hide an essential dimension to help the 
decision-making process: the quantification of the 
different wastes along the production system. So, it was 
suggested a new and complementary analysis to 
quantify every waste in every stream in order to prioritize 
improvement actions. It was also proposed the 
implementation of metering devices and sensors to allow 
a proper and effective collection of data and associate 
automatically the collected information with the MSM 
methodology. 

 
Before Solution After Solution 

 
Inventory Time [h] W1 Area [m2] Inventory Time [h] W1 Area [m2] 

Bending -Welding 264,9 300 91 50 

Liq. Painting - B. Assemb. 109,6 300 91 50 

 
MSM efficiency before Solution [%] MSM efficiency after Solution [%] 

 
Time Area Time Area 

Bending -Welding 41% 1% 56% 2% 

Liq. Painting - B. Assemb. 29% 1% 39% 5% 

7 CONCLUSION 
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By detailing the strengths and weaknesses, defining 
which activities of the overall production system have 
higher inefficiencies, which sections and KPI’s need the 
highest level of control regarding operational, 
environmental and economic aspects, and what 
activities contribute more to the total waste dimension of 
the production system, it allows the company to outline 
an improvement strategy, and focus in activities where 
there is highest potential to increase the performance of 
the system. So, several improvement actions were 
proposed to reduce the most important inefficiencies 
identified in the previous diagnosis. At the end, the future 
state of the company was estimated to identify the 
expected impact of this solutions in the MSM. 

The MSM 2.0 methodology was successfully applied to 
this production system. The MSM proved to be 
fundamental in the development of this work being able 
to diagnose the several misuses throughout production, 
although some of the identified limitations. 

All the developed work, since data collection, to results 
obtained and MSM validation revealed to be of great 
importance for MCG, the MAESTRI project and the 
future application of the Total Efficiency Framework in 
the company.  
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