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Abstract: Given that we are living in a society that is increasingly concerned with studying and solving problems 

such as environmental impacts, market competitiveness, growing consumer requirements and minimizing 

production costs, it is extremely important to develop methodologies capable of identifying, quantifying and reducing 

waste as well as new approaches aiming at increasing the productivity and motivation of all those involved in this 

important transition. Thus, this work developed follows the development of the MAESTRI project, a European 

project, which aims essentially at promoting the sustainability of European industries. This is developed from a 

platform that aims to guide and simplify the implementation of a new and innovative approach, The Total Efficiency 

Framework. The overall objective of this new approach is to encourage a culture of improvement in the process 

industries, assisting in the decision-making process, supporting the development of improvement strategies and 

helping to set priorities for improving the environmental and economic performance of enterprises. One of the pillars 

of this structure is resource efficiency and within that context, a recent methodology, the Multi-Layer Stream 

Mapping, is presented whose main goal is to diagnose the overall efficiency of production systems. The main focus 

of this work is the application and development of MSM in a new case study with several manufacturing processes. 

In a first phase, the production system is diagnosed based on the LEAN tool, Value Stream Mapping. In order to 

complement this analysis and take new conclusions, a diagnosis based on MSM is done, where it is possible to 

analyze dashboards that allow to identify and quantify other inefficiencies that were not identified through the VSM 

application. In order to suppress these inefficiencies diagnosed through MSM some improvements are suggested. 

Moreover, once some limitations were found in the MSM original methodology, other complementary analyzes are 

proposed to quantify the waste that allows to take new conclusions. To summarize, some actions and improvements 

are suggested. Finally, the MSM future state is projected, so that, in a logic of continuous improvement, it will 

minimize waste and improve the overall efficiency. 

Keywords: Waste, Efficiency, LEAN, VSM, MSM, Production System, actions and LEAN Improvements. 

 

1 Introduction 
 

The growth of the world economy and the increase of 

population (9 billion inhabitants by 2050) is 

intrinsically related to the rapid depletion of Earth's 

natural resources [1]. Increasing competition for 

some resources will contribute to their scarcity and 

their rising prices, which will affect the European 

economy. More efficient management of resources in 

a sustainable way is required throughout their life 

cycle from extraction to disposal, through transport, 

processing and consumption. That is why new 

European projects have emerged, promoting 

resource efficiency. It is fundamental that the same 

goods are produced with fewer resources, changing 

consumption patterns and reducing operating costs, 

though keeping or improving its quality. This will limit 

the risks of resource scarcity while maintaining 

environmental impacts within the natural limits of the 

planet. Making Europe more resource efficient is a 

way to achieve the objectives of economic, social and 

environmental policies. Under the MAESTRI project, 

the Total Efficiency Framework is presented, which 

aims to foster a culture of improvement in industries, 

assisting in the decision-making process, supporting 

the development of improvement strategies and 

helping to set priorities for improving environmental 

and economic performance. 

The present work, within the MAESTRI project, aims 

to foster and develop the implementation of the Multi-

Layer Stream Mapping methodology that is used to 

evaluate the general efficiency of organizations. This 

methodology allows making a more detailed and 

complete analysis in relation to the current LEAN 

tools, allowing to draw new further conclusions from 

an economic and environmental perspective of the 

production systems.  
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In a first phase, to better understand and diagnose 

the production system the VSM was applied, being 

evident some of the limitations of this tool. In order to 

complement this analysis, the MSM was applied to 

overcome some of these limitations. This allowed for 

a more detailed and complete diagnosis, as well as 

taking new conclusions.  

After completing the MSM-based analysis, the main 

inefficiencies are identified and some alternatives are 

suggested to improve the obtained efficiencies. 

In order to overcome some of the detected limitations 

of MSM, some developments in the MSM are 

suggested. These allow overcoming some gaps and 

promote new analyses.  

Finally, to eliminate some waste from the production 

system, some actions and improvements were 

proposed and the MSM future state is projected. 

Some of these solutions have been presented, 

discussed and implemented at the company. 

2 Research Evidence 
 

2.1 The MAESTRI project vision 

The MAESTRI project is focused on promoting the 

sustainability of European’s processing and 

production industries. More precisely, MAESTRI is 

focused on evaluating any impacts on the 

manufacturing process’ continuous growth aiming to 

reach even better results [2]. 

The MAESTRI claims that there is a need to recycle 

some waste and improve this method in a 

sustainable way in order to develop more efficient 

processes. Nevertheless, despite the huge 

improvement potential of the environmental, 

economic and social sharing resources, it is essential 

to identify, understand and evaluate the available 

resources of the companies. Furthermore, the 

increase on modern monitoring and process 

optimizing availability should be carefully adapted 

and included so it is possible to use these cutting-

edge instruments and tools in an easier and wider 

manner [2,3].  

In summary, the MAESTRI points out that it is 

fundamental to reduce the environmental impact, 

boost the competitiveness and also the production 

system efficiency, by “doing more with less” [4]. 

2.1.1 The Total Efficiency Framework 

As a basis of functionality, MAESTRI has a wide 

approach which will allow the manufacturing process 

monitoring and optimization that might have a great 

impact on the industry. This creative and original 

perspective made by the project’s founders was first 

implemented thanks to the development of the so-

called Total Efficiency Framework. Its essence is to 

foster industrial sustainability and it aims to overcome 

the remaining obstacles and promote sustainable 

improvements [5].   

Fundamentally, it can be subdivided in four main 

pillars: management system, efficiency evaluation 

tools, industrial symbiosis and the software platform 

that is based on the “Internet of Things” (IoT) (Figure 

1) [3,5]. Through this Framework, there is a great will 

to encourage and awake a culture of progress in the 

processing industry. By supporting the decision-

making processes, developing the progress 

strategies and finally, helping establish the 

companies’ priorities for an advanced environmental 

and economic level [5]. The Total Efficiency 

Framework also enables to distinguish and evaluate 

material and energy consumption main inefficiencies, 

which will help and ease the decision-making 

process of implementing future improvements [3,5]. 

 

Figure 1 - Concept of Total Efficiency Framework 

2.2 LEAN 
 

Currently, the competition is becoming higher and 

higher among the manufacturing industry. In order to 

keep the competitiveness, it is fundamental to adopt 

new strategies that seek a higher productivity of the 

companies and a higher processes efficiency by 

minimising waste sources [4,6]. LEAN is a good 

strategy for this purpose. Hence, three LEAN Tools 

are applied: the Value Stream Mapping (VSM), which 

is a graphic representation of the production system, 

the Single Minute Exchange of Die (SMED) that is the 

quick tool change, and at last, the 5S, a tool focused 

on the workplace organization through the 

standardization of procedures and work tasks.  

The VSM study was the first applied. Besides being 

a diagnosis tool, this one paved the path to Multi-

Layer Stream Mapping’s inception. 

2.2.1 Value Stream Mapping 

The VSM is a LEAN tool that allows to visually 

present all the stages involved in the material and 

information flows as far as a given product following 

that flow is concerned.   
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Consequently, it enables the identification of what 

really adds value to the product, considering the 

whole path of the product, from the suppliers of raw 

materials to the final costumer. Besides allowing the 

visualization of materials and information flows, it 

also helps identifying and eliminating the waste [7].  

The actual state mapping helps identify the waste 

source and provides a common language to manage 

production processes in order to discuss and apply 

the LEAN techniques [7]. 

Overall, this tool is accepted thanks to its simplicity, 

even though it has a few limitations due to its 

exclusive-product-application, which makes it difficult 

to use in production systems that have multiple 

processes [8].  

2.3 The Multi-Layer Stream Mapping 

The Multi-Layer Stream Mapping methodology, 

MSM©, was designed by INEGI as a studying 

assessment methodology for eco-efficiency in 

industrial systems. This methodology was completed 

by Emanuel Lourenço, António Baptista, João 

Pereira and it was first introduced at the 20th CIRP 

International Conference on Life Cycle Engineering, 

which took place in Singapore on April 2013 [9]. 

The Multi-Layer Stream Mapping’s methodology is 

based on a clear and simple-interpretation-approach 

which aims to assess the overall performance of the 

production systems. It allows assessing the resource 

consumption efficiency, the operations performance 

as well as the monetary cost of all resources 

consumed [9]. 

The MSM© applies several performance indicators 

relevant for the activity under analysis. 

Systematically, each of them is represented by 

aggregated efficiency ratios () from 0% to 100% to 

obtain a global efficiency value in the production 

system analysed (Equation 1) [9]. 

 

𝜙 =
𝐴𝑑𝑑𝑒𝑑 𝑉𝑎𝑙𝑢𝑒

𝐴𝑑𝑑𝑒𝑑 𝑉𝑎𝑙𝑢𝑒 + 𝑁𝑜𝑛−𝐴𝑑𝑑𝑒𝑑 𝑉𝑎𝑙𝑢𝑒
     (1) 

Thereby, unlike the VSM that just focuses in added 

and non-added values related to the time dimension, 

the MSM’s approach aims to diagnose and evaluate 

the overall efficiency of any production system also 

regarding the environmental and economic 

performance and, at the same time, simplify the 

identification and quantification of resources streams 

[10].  

Where “” is the efficiency level associated with the 

analysed variable; the “Added Value” is related to the 

portion that adds value to the product, representing 

the “useful consumption” of stream flow and the 

“Non-Added Value” is considered the portion that 

represents the waste/misuses of time, money, 

resources and other possible variables [9]. 

The MSM© should be used not only for a diagnostic 

analysis but also to support the decision-making 

process, especially in what concerns monitoring 

complex systems.  

The MSM methodology (Figure 2) can be compared 

to a “M x N” matrix, where the “M” is the number of 

processing units and the “N” represents the number 

of variables.  

 

Figure 2 - MSM methodology 

3      Goals and Methodology 

The contribution of the thesis in the application of this 

new approach -  Total Efficiency Framework consists 

on the test and validation of MSM and support 

decision-making for a production system, considering 

not only the operational performance, but also 

environmental and economic concerns. The MSM 

was applied in two different perspectives: in a first 

stage, it served as a diagnostic to the production 

system and on the second stage it served in a 

monitoring and control perspective of the production 

system. 

 

In an initial stage, in order to know and to get involved 

with all the processes and industrial flows of the 

production system and to make a diagnosis of the 

pellet stoves production line, the VSM current state 

was drawn. 

With the main objective of applying MSM to the 

production system studied in mind, VSM was first 

applied, which allows a simple analysis of activities 

with added value and activities without added value, 

only distinguishing these activities regarding the 

variable time. 

It should be noted that for this case study the main 

focus are the industrial processes and having them 

decomposed in the "process itself" (the activity with 

added value) and in setup and waiting time 

associated with each process (activities without 

added value).  
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Moreover, it will be an opportunity to try to overcome 

some of the gaps in MSM and fulfil other needs. In 

consequence, nothing better than presenting them 

under the MAESTRI project (the cost analysis is very 

general and simple, not allowing help in the 

prioritization of improvement actions). 

Once the KPIs were defined, the MSM 1.0 

methodology was then applied to make a more 

complete and detailed analysis of the pellet stoves’ 

production system. 

In addition, some improvement solutions are 

presented and developed. In order to be able to 

monitor the process and contribute to the decision-

making process, some dashboards are presented in 

both an audit perspective and a control perspective 

as well as new MSM developments that permits new 

analyses and taking new conclusions. 

4       Case Study 

4.1  The Company  

MCG is a family business located in Carregado, 

district of Lisbon, with a history of more than sixty 

years dedicated to the metallic components industry. 

Founded in 1978 as a continuation of the deceased 

Mr. Manuel Conceição da Graça’s work made during 

the 40s. In 2016, MCG had more than 450 employees 

and was doing business with more than 100 clients 

around the world.  

4.2  The Product – Pellet Stove 

The product of this study is the pellet stove, a heating 

device. The pellet stoves are an ecologic alternative 

to traditional heating, because of an eco-fuel that is 

used which causes no harm to the environment since 

the CO2 emission levels are lower.  

The stove that is going to be analysed in order to 

diagnose the production system is the P46-Mini 

Fusion Glass Door, bearing in mind this is one of the 

most produced models by the company. Within this 

model, a specific part was selected and followed on 

the shop floor in order to gather measurements and 

information about the production system’s actual 

state. This part of the furnace was granted to go 

through the main manufacturing processes, allowing 

the conduction of a complete study about the 

production system.  

4.3  Production System Characterization 

In general, the production system is often complex, 

involving several manufacturing processes with a 

material flow entering and exiting at different stages 

throughout the value stream.  

MCG’s production system is characterized by a multi-

production system, with a variety of produced goods 

and different clients.  

The analysed production system is fundamentally 

characterized by: 

• Six manufacturing processes, spread over 3 

different factories - Metal 1, Metal 3 and 

Metal 5; 

• Three warehouses containing semi-finished 

and finish products - W1, SKI 1 and SKI 2; 

• Warehouse of raw materials (beside Metal 

3) and the expedition warehouse (Metal 5); 

• The kits, an auxiliary operation within the 

production flow, aims to manually aggregate 

the necessary parts to form a kit (a set of 

parts); 

• External services might be needed for some 

manufacturing processes, the outsourcing, 

in order to meet the delivery dates agreed 

with the costumer; 

• Lack of management and quality control 

along the production flow. 

The stoves production system embraces several 

manufacturing processes This work analyses all the 

manufacturing processes except for the Finishing 

and Powder Painting.  

 

5      Production System Analysis 

5.1. Production System Analysis - VSM 

The diagnosis consisted in several phases, the first 

one, the current state of the production system, was 

analysed using the VSM – the VSM current state 

VSM. The aim is to identify waste, as well as its 

sources and thereupon identify the so-called root 

causes and consequently, structuring the 

improvement actions. 

Starting with the Laser Cutting: the main contributor 

to the increase of waste is the waiting time, which is 

about 15.2%. This value can be explained by the 

simple fact that operators are often absent from their 

workspace, occupied with tasks without added value 

to the process. Regarding the setup time, it 

represents 11.2%, this value is considered high 

which means the setup tasks are not standardized.  

Regarding the Bending process, setup time is 

another reason for an origin of waste (around 51.4%). 

As it is ahead analyzed, one of the reasons that most 

contributes to this high value is the lack of a rigid and 

standardized setup procedure, as well as the 

distance travelled by the operator during this activity. 

The waiting time in this process is also a source of 

waste, about 31.6%, and what most contributes is the 

absence of the operator on his workspace.  

Concerning the Welding: the setup time represents 

50.6%. The welders do not follow a setup procedure, 

revealing some lack of coordination in the 

preparation tasks of parts that make up the final 

product.  
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Regarding the waiting time (38.5%) the operator is 

absent from his workspace, demonstrating some lack 

of motivation.  

With regards to the Shot Blast, the setup represents 

24.1%, which is also quite high, the transport during 

setup is the most significant cause for this value. 

Concerning the waiting time in this process, it is 

considered derisory in comparison with the others. 

In relation to the Liquid Painting, the main 

contributor to waste is the waiting time (88.3%) where 

the parts remain on hold for a long time before going 

to the oven.  

To conclude, concerning the two last processes, the 

two assembly stages, there is no setup time in 

contrast to the other processes previously analysed. 

There are significant waiting times.  

 

In the Figure (Figure 3), the percentage of setup time 

and percentage of waiting time are compared with 

the total time in the process. It should be noted that 

waiting times within processes occupy the largest 

portion of non-added value time. 

In conclusion, the VSM is a useful tool and of easy 

application in order to distinguish and quantify the 

added value activities and the non-added value 

activities. Although the VSM is a powerful tool and 

crucial to analyse the current state of a production 

system, there is no information about the 

environmental and economic performance. 

5.2. Production System Analysis - MSM 

The second phase had the objective of making a 

more complete and detailed diagnosis: the 

production system analysis was made with the MSM 

methodology.   

In order to properly identify the variables and KPIs 

that better describe each one of the previously 

identified and analysed processes, it is fundamental 

to understand in detail the group of tasks performed 

by the operators in each process, as well as the 

inputs and outputs of each manufacturing process. 

The knowledge on existing processes was reached 

by following the operators in their daily tasks, during 

the VSM’s elaboration. This know-how was 

complemented with some technical details given by 

the company’s engineers. 

Several KPIs have been created (Figure 4). 

 

The MSM’s typical board, the dashboard, shows the 

efficiency of each consumed resources as shown in 

the Figure 5, it is called the Time and Resources 

Efficiency MSM Dashboard.  

 

 

So, the least efficient processing unit in the 

consumption of resources is the bending (45%). 

Effectively, in just 17% of the time occurs the bending 

of parts, that is to say, time with added value. 

However, the most efficient processing unit is the 

laser cutting (75%), the colour attributed to this 

percentage is yellow. Despite this, it is a process that 

requires analysis and improvements with the goal of 

increasing its efficiency. Secondly, related to the 

analysis of resources, the last column on the right 

side of Figure 5 shows that the machine's processing 

time (36%) is the least efficient resource. On the 

contrary, the consumption of gases has the 

maximum efficiency (100%). 

While the previous dashboard presents the resource 

efficiency, the following dashboard presents the 

efficiency of the operations, displayed in Figure 6, an 
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Figure 4 - Summary of KPIs 

Figure 5 - Time and Resources Efficiency MSM Scorecard 

 

Figure 3 - High percentages of setup time and waiting time 
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analysis that aims to supplement the previous one. 

Once again, the unit process efficiency results from 

the arithmetic mean of the efficiency of the operations 

in the process. This result is an efficiency value that 

characterizes the processing unit.  

Therefore, on one hand, the processing unit with the 

worst operating performance is Welding (60%).  

On the other hand, the processing unit with the best 

operational performance is the Body Assembly 

(84%). It should also be mentioned that the OEE has 

a low overall efficiency, about 49%. 

Through the analysis of Figure 6, it is verified that the 

global operational performance of the system is 79%. 

 

According to the MSM’s methodology, the MSM cost 

scorecard only allows visualizing the value spent 

investing on activities that add value to the product, 

as well as visualize all the money wasted and that 

should be minimized as much as possible without 

compromising the product’s quality  

Through the analysis of the Figure 7, one can 

acknowledge that the process with a higher non-

added value cost is Liquid Painting, valuing 

1139,83€. Yet, for the process that represents the 

highest added value cost is Shot Blast, around 

520,95€. 

 

To summarize both analyzes, a comparison between 

MSM and VSM is made, presenting MSM strengths 

and potentialities. In the case study, taking into 

account that the production system is quite complex 

the construction of the current state VSM was 

extremely useful to assist the construction of MSM.  

It was evident that the VSM is limited to temporal 

analysis which provides only a static image of the 

value stream. Collection of data has been hampered 

by the long time of production processes and the lack 

of recording of process times and waiting times while 

a possible implementation and development of MSM 

in shop floor can automatically "load" the dashboards 

and analyze the efficiency of the production system 

in real time.  

The information set in VSM is more confusing and the 

use of multiple symbols can lead to a lack of 

understanding by people unfamiliar with the tool. In 

contrast, MSM uses a very simple and intuitive 

dashboard, facilitating the process of understanding 

and identifying waste.  

Some virtues of the MSM in relation to the VSM have 

been identified: 

▪ Show and evaluate all types of waste in a 

visual and intuitive way;  

▪ Relates operational parameters, such as 

availability, performance and quality;  

▪ It presents an economic metric for "value", 

the cost of the resources consumed;  

▪ Considers the use of process area;  

▪ Effectiveness in visual information that can 

be quickly understood by production 

engineers;  

▪ Besides being a diagnosis methodology, it 

has the potential to be a tool to control and 

monitor the process;  

▪ Ability to provide layout visualization. 

 

The MSM cost scorecard presents a simple 

dashboard, an important analysis, however, it isn’t 

fully developed. In order to support the decision-

making process regarding the priorities of 

improvement actions, new dashboards must be 

developed. 

In addition, there is no dashboard of quadrants in 

which it is possible to relate resource efficiency to 

operational efficiency, thus allowing an overall 

efficiency.  

Beyond the limitations listed, new dashboards will be 

developed in a process monitoring perspective and 

also in an audit perspective. To conclude, in Table 1 

is presented the main critical points diagnosed 

through MSM, the MSM efficiency, the possible 

causes and the possible solutions. 

As expected, some critical points have already been 

identified in the previous diagnosis, based on the 

VSM.  
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Table 1 - Main critical points diagnosed based on MSM 

 
Process 

Critical 
Aspect 

Diagnosed 

MSM 

Efficiency 
Cause 

Possible 

Solutions 

Laser 
Cutting 

The stand-by 
power 

consumption 
of the machine 
is the highest 

of all 
processes  

85% 
The machine has 

many "silent" 
stops 

Install a Horn 
System  

Laser 
Cutting 

Too many 
kilograms of 
waste raw-

material 

68% 

Poor 
programming and 
lack of concern 

about waste 

Adopt new 
sheet design 

Laser 
Cutting 

The sheet 
metal only 

occupies part 
of the table 

56% 

Area of raw 
material sheet 

lower comparing 
to table area 

Buy raw 
material 

sheets that 
occupy the 

largest 
possible area 
of the table 

Laser 
Cutting 

Bad layout, too 
much empty 
space in the 

process 

43% 

The company has 
a lot of covered 
area, intends to 

grow 

Minimize 
distances 

travelled and 
shorten the 

layout if 
necessary 

Bending 

Much energy 
consumed by 
the machine, 
in stand-by 

45% 
The machine is 

not producing but 
it is in stand-by 

Reduce 
downtime 

Welding 

Bad layout, too 
much empty 
space in the 

process 

49% 

The company has 
a lot of covered 
area, intends to 

grow 

Minimize 
distances 

travelled and 
shorten the 

layout if 
necessary  

Welding 
High energy 
consumption 

of bulbs  
11% Fluorescent bulbs 

Install LED 
bulbs 

Shot 
Blast 

Much energy 
consumed by 
the machine, 
in stand-by 

56% 
The machine is 

not producing but 
it is in stand-by 

Reduce 
Downtime 

Shot 
Blast 

21kg of Waste 
steel scrap  

96% 

Escape in the 
cabin and not use 

of all the steel 
shot 

Correct the 
leak 

Liquid 
Painting 

High energy 
consumption 

of bulbs 
8% Fluorescent bulbs 

Install LED 
bulbs 

Liquid 
Painting 

Bad layout, too 
much empty 
space in the 

process 

32% 

The company has 
a lot of covered 
area, intends to 

grow 

Minimize the 
distances 

travelled (if 
they occur) 

 

It is noteworthy that it was selected in the Table 1, an 

efficiency of 96% as a critical aspect diagnosed. 

Despite being considered "green", the 4% has a fairly 

large cost. Making a joint analysis of efficiency and 

cost analyses can anticipate this detected anomaly.  

A further limitation of the MSM methodology was 

reported, which will be analysed and solved in the 

next chapter.  

6       MSM Developments 

Here, the limitations of the MSM methodology were 

identified and, in order to improve the methodology, 

some the developments are presented.  

By being a fairly recent methodology still in 

development, MSM may have to undergo some 

improvements in order to supress its limitations. The 

objective is to be useful to every type of company and 

to support the most effectiveness decision-making 

process. Given its huge potential, four 

complementary analyses are proposed to help the 

decision-making process establishing priorities for 

future improvements.  

Starting with the first proposed improvement: MSM 

has the limitation of not having an evolved chart, 

where it is possible to visualize the efficiency of both 

the processes and operations 

Considering the same colours as MSM methodology, 

the following chart is divided into five quadrants: 

▪ Quadrant I (Yellow Star) – characterizes 

medium-high processes efficiencies;  

▪ Quadrant II (Orange Star) – characterizes 

processes of medium-high resources 

efficiency and of low-medium operational 

efficiency; 

▪ Quadrant III (Red Star) – characterizes low 

processes and resources efficiencies; 

▪ Quadrant IV (Orange Star) – characterizes 

processes of low-medium resources 

efficiency and a medium-high operational 

efficiency; 

▪ Quadrant V (Green Star) – The peak global 

efficiency. Between 90% and 100%.  

 

This chart (Figure 8) essentially serves, in an audit 

perspective, to evaluate the overall efficiency of the 

processes and the green star is the ideal level for the 

processes (quadrant V).  

The lowest efficient processes are Welding and 

Bending, located at the limit of quadrants I-IV and 

quadrant IV, respectively.  While the highest efficient 

processes are Laser Cutting and Body Assembly, 

both located in quadrant I, designated as yellow star.  

 

Therefore, the second analysis is focused on the 

process cost scorecard development, a more 

detailed analysis, which allows verifying “where” and 

“how” the production costs are being generated. A 

new cost dashboard and new ratios are presented: 

the cost processing unit efficiency and the ERC 

(Effective Resource Cost). 

 

Figure 8 - Resources Vs Operations chart  
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Besides, the MSM’s results are isolated efficiency 

results of each individual process, where efficiencies 

lower than 40% reveal critic situations within the 

production system and where the deviation between 

actual value and projected value is very significant. In 

contrast, through interpreting the MSM’s results, the 

conclusion was that the MSM is assessing efficiency 

values but “masks” the dimension of the cost 

contribution on each variable. Therefore, the new 

analysis considers the “weight” of costs contribution 

on each process. 

In order to develop this methodology, it is suggested 

a new cost scorecard, shown in Figure 9. A cost 

breakdown analysis is done for all the processing 

units’ resources divided in AV and NAV. Besides this 

new analysis allows to interpret the AV and NAV 

resources with the highest percentage in the process, 

it also allows us to understand which AV and NAV 

resources have the highest percentage in relation to 

the total costs of the production system.  

Assuming that the total cost of the production system 

resources represents 100%, the next step is to 

perform a cost break down analysis of this value for 

each AV and NAV resource. A new concept is 

proposed, the ERC (Effective Resource Cost), which 

can be calculated according to the following Equation 

2: 

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝐶𝑜𝑠𝑡 (%) =  
𝐴𝑉 𝑜𝑟 𝑁𝑉𝐴 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝐶𝑜𝑠𝑡

∑ 𝐶𝑜𝑠𝑡𝑠 𝑜𝑓 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑦𝑠𝑡𝑒𝑚 
 

(2) 

 

Where: 

AV or NVA Resource Cost – Individual cost of each 

resource; 

 Costs of Production System – Total cost of all 

resources consumed (AV plus NAV). 

In addition, the efficiency of the processing unit is 

calculated. According to the following Equation 3: 

 

 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑈𝑛𝑖𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =  
𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑈𝑛𝑖𝑡 𝑇𝑎𝑟𝑔𝑒𝑡 𝐶𝑜𝑠𝑡 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑈𝑛𝑖𝑡 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡
 

(3) 

 

Where: 

Processing Unit Target Cost – results from the sum 

of the process AV resources; 

Processing Unit Total Cost – results from the sum 

of the process AV and NAV resources. 

As it can be observed in Figure 9, by applying it in 

this case study, the dashboard allows a more 

detailed analysis of costs in AV and NAV activities. 

Thus, the processing unit with the highest cost 

efficiency is shot blast, whereas the processing unit 

with the lowest cost efficiency is the liquid paint. 

Now, by analysing the cost break down, the most 

costly AV resource is the steel shot used in the shot 

blast process, while the time of not using the machine 

in the liquid paint process represents the highest cost 

of NAV. 

 

Concerning the third analysis, MSM also has the 

limitation of not having a global dashboard that allows 

to visualize resource efficiency, the efficiency of the 

operations and also the effective cost of the process 

in relation to the total costs. Therefore, it is proposed 

a third analysis focused on the process improvement 

prioritizing, by introducing the new concept of PUEC 

(Processing Unit Effective Cost). This is calculated 

according to the following Equation 4: 

 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑈𝑛𝑖𝑡 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐶𝑜𝑠𝑡[%]

=  
𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑈𝑛𝑖𝑡 𝐶𝑜𝑠𝑡

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑
      

(4) 

Where: 

Target Cost Value - Corresponds to the cost of the 

resource 

Processing Unit Total Cost - Corresponds to the 

sum of all costs of the process (100%) 

By contemplating the MCG Company’s strategy, it 

becomes fundamental to reduce the wasted cost in 

several non-added value activities within the 

production system. This way, an analysis on PUEC 

(Processing Unit Effective Cost) is made and on the 

MSM’s respective efficiencies through different 

production processes, as it is presented in Figure 10. 

Figure 9 - New MSM Cost Scorecard 
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Each circle represents different processes, with the 

colours scale from MSM methodology in order to 

illustrate the correspondent efficiency value and the 

graph’s background shows the different zones of the 

PUEC level (green for a reduced PUEC and red for a 

high PUEC).  

For example, analysing the Figure 10 and 

considering the effective contribution of added value 

activities total cost, one can easily conclude that the 

most critical and the one that more contributes for the 

effective cost is the Shot Blast process in the added 

value activities. 

Lastly, it is proposed the fourth analysis. In order to 

show the potential of the methodology in the industry, 

two different dashboards are developed. The first one 

in a perspective of visualization by the operator, his 

team and the team-leader. The second in a 

perspective of visualization by the top management, 

more concretely production directors, managers etc, 

in an audit perspective like an overall analysis of the 

production system. 

The MSM is a very flexible methodology, that is to 

say, it can be adapted according to the need that is 

intended.  

7      Actions and LEAN Improvements 

Some of the proposed solutions have been 

presented at MCG company for further 

implementation and consolidation. The company is 

constantly evolving and, therefore, assuming a logic 

of continuous improvement, MCG is presenting 

increasingly better results. It should be noted that 

during this internship, more emphasis was given to 

Laser Cutting and Bending as regards proposed 

improvements at the request of MCG engineers.  

Starting with the first process, the Laser Cutting, the 

main improvements are listed: 

- The operator actually travels a great distance during 

the setup procedure and in addition, the efficiency of 

the process area is only 43%, as it was diagnosed 

through MSM. In order to minimize distances and 

time and even considering both machines it was 

suggested a layout readjustment.  

-Moreover, the development of a structure that can 

supply both machines in a fast and safe way is 

suggested. Thus, in case of emergency at the 

production level, it isn’t necessary to go to the main 

warehouse to collect the raw material.  

-Another improvement is the introduction of a 

balance of parts counters for both machines, mainly 

due to the fact that the operator does not always put 

the quantity produced in the boxes.  

- The setup procedure is obsolete and therefore the 

operator's activities are not standardized. After 

SMED is applied, a reduction of 59% in setup time 

was observed. 

-It's been diagnosed that the TruLaser machine is 

often stopped, most of times without the operator 

reporting. One of the reasons for this stop comes 

from the simple fact that the machine head collides 

with a part. In a way, in order to control these stops, 

this situation would be solved with the use of the 

micro-joint solution, which makes the pieces stick to 

each other.  

-The cutting table area, is about 8 m2 and the average 

area of the sheets of raw material is about 4.5 m2, 

only corresponding to 56% when compared to the 

cutting table. The longer the length of the raw 

material plate, the lower the number of setup times 

that occur during a working day. 

Thus, after improvements, the MSM estimated 

efficiencies of some resources are shown in Figure 

11. 

 

Figure 11 - MSM Estimated Efficiencies for Laser Cutting 

In relation to Bending, the main improvements are 

listed: 

- Through the MSM, it was diagnosed that the 

efficiency of process area is 70%. Despite this, the 

operator still travels a long distance during the setup 

time. In order to reduce the distance traveled during 

setup time a new layout is proposed. In this sense, 

the distance traveled by the operator has been 

reduced to 1/5 of the initial distance.  

-In order for the team-leader to start the tasks defined 

externally as "external", the installation of a 

semaphore type system on each machine is 

suggested. This light has 3 colors (green, yellow and 

red).  

Figure 10 - PUEC for added value activities 
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-There is no setup procedure unlike the previous 

process that was outdated. A setup procedure has 

been created. However, in order to reduce the setup 

time, the SMED tool was applied. 

Thus, after improvements, the MSM estimated 

efficiencies of some resources are shown in Figure 

12. 

 

Figure 12 - MSM Estimated Efficiencies for Bending 

Although LEAN tools are very important in eliminating 

waste, MSM proves to be a very powerful 

methodology in controlling process efficiency and 

with a lot of potential to be explored and developed. 

8      Conclusion 

This thesis, in the context and follow-up of the 

MAESTRI project, had as its main objective the 

application and development the MSM methodology 

in a new case study, more specifically, a pellet stove 

production system.  

In order to understand the production system and 

product flows, in the first instance, a diagnosis was 

made based on the VSM, where the first 

inefficiencies of the processes and consequent 

opportunities for improvement were identified. The 

current state of VSM was presented in a meeting with 

some MCG engineers.  

VSM has proven to be a fundamental and an easy-

to-use-tool to identify activities that add value and 

activities that do not add value to the product, in a 

time perspective. However, in view of current 

concerns about resource scarcity, environmental 

impacts and operational costs, VSM has shown to be 

limited in identifying resources used in added-value 

activities and in non-added value activities. 

In order to overcome this limitation and to carry out a 

more detailed study from an economic and 

environmental perspective, the MSM methodology 

was applied in the same production system. The 

MSM was applied with the purpose of promoting an 

evaluation of the resource efficiency the operational 

efficiency of the processes and also an evaluation of 

the costs that these same resources have in the 

production system.  

Once both analyses were concluded, some 

limitations of the MSM were studied and overcome.  

Several actions and LEAN improvements have been 

suggested to reduce the most important 

inefficiencies. To conclude, the future state of MSM 

was presented to quantify the impact of the proposed 

solutions on the production system. MSM has proved 

to be a very rich methodology for identifying waste 

and with enormous potential to be explored in future 

studies. 
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