
 
 

  

Master Degree Project 

Lean and sustainability evaluation of 

the flow of material in internal logistics 

Author: Marco Donati 

Supervisor: Anders Ingwald 

Examiner: Krushna Mahapatra, Peter 

Lerman 

External Supervisor: Victor Svensson 

Date: 2018-05-24 

Course Code:5TS04E, 30 credits 

Subject: Mechanical Engineering 

Level Master 

 

Department of Technology 



1 

 

 

Acknowledgments 

I would like to acknowledge some people that have supported me throughout this process. I would 

like to thank my supervisor from the case company Victor Svensson, who followed me from the 

beginning to the end of this time and has continuously helped and supported me beyond his duty. A 

big thank you to Anne JM Norman and all the people that helped me from the case company for all 

the possibilities and assistance that have been essential to develop this paper. 

I would also like to thank Linnaeus University for the feedback throughout the development of the 

thesis and has helped to shape my research when I had doubts about how to proceed. 

An essential motivation and support have come from my classmates and friends, with who I have 

spent months working together and helping each other with our researches. Thank you Arne, 

Franziska, Luisa, Magdalena, Moumita and Pascalina! 

The most important people, even if listed at the end, are my family and friends, which has always 

been there for me and supported me in this experience. Thank you Paolo, Mario, Ago, Davide, Fabio, 

Fede, Luca, Poppi. 

To my brother, who is a continuous source of inspiration for his determination and strong-will. Thank 

you for being an example to me, Matteo, my young brother! 

A unique and special thank you goes to my mum. Without her I would not be who I am and where I 

am today. The strongest person I know. You are always here for me, I will always be here for you. A 

te, che hai lottato per me. C’è chi ha due genitori ma tu vali per tre.  



2 

 

 

Abstract 

The purpose of this thesis is to study how the interaction between lean and sustainability theories works in the 

logistics department of a manufacturing company. The research has been developed by applying a Value 

Stream Map with adjusted factors to help to map the flow of materials throughout the department. Literature 

review have shown connections between lean and sustainability, but it has yet to be evaluated focusing on the 

logistics department. After the analysis of the current state of the factory under the two methodologies, an 

improved layout has been proposed. The results have concluded that Value Stream Map is a valuable tool to 

understand the performance of a company under both theories. The addition of the sustainability perspective 

to the lean tool has created the opportunity to evaluate more factors, which lead to more opportunities in the 

proposition of future state for the flow of material. It gives also the possibility to extend the “continuous 

improvement” (Kaizen) principle of lean to the sustainability areas in an efficient way. 

Keywords: Lean, Sustainability, Logistics, Value Stream Map, Flow of materials, Efficiency 

  



3 

 

 

Abbreviation 

VSM – Value Stream Map 

CSM – Current State Map 

FSM – Future State Map 

KPI – Key Performance Indicators 

LP – Lean Production 

TPS – Toyota Production System 
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1. Introduction 

1.1. Lean and green thinking 

Until last decade, the main goal for companies was to achieve efficiency and profitability, together 

with customers satisfaction (Jasti and Kodali, 2014). Recently, with the environmental concerns that 

arose in these last years (climate change, overpopulation, costs, and availability of resources…), the 

concept of sustainability has been included in the discussions for the development of a better future 

for the entire world (Caldera et al., 2017, Gimenez et al., 2012). 

Sustainable development has been defined by the World Commission on Environment and 

Development as: “Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (WCED, 1987). This 

definition shows, in a very brief way, the main belief that this thinking has as a basis: improve the 

humans decision making process to develop a better future for the planet. Sustainability, with its 

interests and goals, is spread in three main different directions: economic, environmental and social. 

To achieve the desired goal, as defined by the WCED, all these three macro-arguments needs to be 

considered and developed properly. The categories have been labeled as “triple bottom line”, and 

each of them have particular purposes: economics with the costs and resources; social focus on the 

well-being of people internal and external of the company; environmental on the energy footprint and 

waste management, together with the economics line. The topic of sustainability interests and touches 

each aspect of our world and the discussion around companies and factory is just one of the areas in 

which sustainability thinking is important to be implemented and developed.  

The term lean, on the other hand, was introduced by Womack et al. (2007) and since then, it has been 

continuously evolving with the developing of the industries and the researches. The lean thinking that 

will be one of the main argument of discussion of this research has been developed by looking at the 

Toyota Production System (TPS), which caught the attention of the entire world in 1980 (Liker, 

2004). This philosophy has as the main purpose of manufacturing products and services with the 

highest possible quality (at the right time and in the right number) by reducing costs and wastes 

(Gertner, 2007). At the center of lean, there is customer satisfaction. Every part of production, from 

the concept to the user experience, to the end of the use of the product, is focused on customers 

satisfaction. It contains very extensive arguments and principles, and in this premise the most 

important and relevant ones for the sake of the understanding will be introduced in the following 

paragraphs. 



8 

 

 

If the philosophy of Lean Production (LP) was one of the answers to the goal of efficiency through 

customer satisfaction; green and sustainability methodologies are the answer to environmental, social, 

and economic changes. 

Customers are increasingly aware of quality and environmental issues that surrounds them, and it 

affects their lifestyle and their decision making also in the purchase of products (Lubin and Esty, 

2010). For this reason, the satisfaction of customers now can be achieved not only by delivering a 

product with the demanded quality, but the whole production system has an impact on the perspective 

of the customers (Silvius and Schipper, 2010). Although, governments are pushing laws concerning 

energy emissions and waste regulations, which have a direct impact on how a company has to behave 

to follow such regulations. Companies themselves are also interested in being leader innovators in 

sustainability and efficiency, as a healthy competition is one of the main drivers for improvement 

(Lee and Rhee, 2007). 

Lean thinking has developed an extensive theory to back up their ideas, and 14 fundamental and basic 

principles have been developed and grouped in 4 categories (the 4Ps), which shows the backbone of 

this methodology: Philosophy, Process, People and Partners and Problem Solving (Liker, 2004). It is 

not possible to cover the entire ideology in this paper, as it would go beyond the purpose of this 

research, while only the most relevant topics will be argued, as they would be used to argument the 

research. Nevertheless, these first categorization is important to show that the lean Production is more 

than a collection of practical tools for efficiency improvements, but it includes additional and more 

radical factors, such as the current education of every person in the factory, and only by working on 

all the proposed area the desired goals of efficiency can be achieved. 

One of the important aspects of the lean theory that is interesting to discuss is its point of view towards 

Value. Value is seen as everything (visible and not visible) that is performed throughout the life cycle 

of the product, inside the factory, that has an impact on the product (or service), as perceived by the 

end-customers (Ruiz-de-Arbulo-Lopez et al., 2013). If a process does not resources to transform the 

product to increase its value, it is called Non-Value added (NVA). The goal that LP theory aims to is 

reducing the Non-Value Added steps while increasing and improving the Value Added ones (Liker, 

2004).  

Researchers have identified that manufacturing industries are one of the causes of the environmental 

problems arising in our world (Baldwin et al., 2005). Therefore, many resources and studies have 

been focusing on how these issues can be dealt inside a company, resulting in the development of 
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methodologies and concepts that have been collected under the definition of sustainable, or green, 

thinking. 

The goals of sustainability do not aim to satisfy short term goals, such as small improvements with 

immediate results (i.e. efficiency in the factory), but they focus on long term improvements, as for 

example to reduce the use of resources in longer time spans (Lozano, 2008). 

Sustainable thinking inside the companies has been explored from different points of view, among 

which the main and most important ones, at the moment, are: green Supply Chain (GSC) (Sarkis et 

al., 2011), reverse logistic (Sarkis, 2003) and green manufacturing (Kleindorfer et al., 2005). Germain 

et al. (2007) have shown that one of the drivers that motivates the interests and the eventual 

implementation in companies of green thinking and its methodology is the possibility of gaining a 

competitive advantage to the companies that are applying it efficiently. 

1.2.  Lean and sustainable synergy 

Companies are now integrating sustainability as part of the objectives of the firm, with the same 

interests and motivations that happened when lean methodology was introduced to the companies 

outside Japan. In the same way that companies have included lean theories and tools in their 

companies, now it is time to work with sustainability to achieve reduction of costs and improved 

margins, giving origin to the definition of sustainability as the “new lean” (Fliedner and Majeske, 

2010). 

The principles of LP, the ones which focus on the reduction of processes that use resources but does 

not add value to the product, can also be seen and connected to the sustainability aspects. Improving 

the processes through continuous improvement together with the support offered by the application 

of the tools proposed by the lean methodologies, have shown to have a positive impact on the areas 

of interest connected to sustainability (Pinto and Mendes, 2017). 

Lean and green thinking do not solely rely on the results of the manufacture and how users perceive 

and use the product, but they extend inside and outside the company, a behavior that has shown that 

they are complementary to each other (Shah and Ward, 2007).  

Total Quality Management (TMQ) is an example of lean tool that has proven additional value in the 

sustainability area. Curkovic et al. have how its application in a manufacturing company can be 

beneficial not only for the aspects that belongs to the lean sphere, but the benefits extend to the 

evaluation of environmental factors as well. 
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Lean has been proved to have a positive impact towards the reduction of pollution emissions (King 

and Lenox, 2001). The results coming from the application of LP, from a sustainable perspective, are 

not limited to environmental benefits, but also other aspects such as workforce treatment, supply 

monitory and transparency (Piercy and Rich, 2015) can be some of the outcomes that go beyond the 

pure lean mentality. 

Studies to analyze the drivers and barriers towards environmental supply chain practices have been 

performed and different driving factors have been highlighted, ranging from internal drivers such as 

internal policies and company goals to external factors such as legislations, customers, society, and 

competition (Walker et al., 2008). 

The way that lean deals with its wastes has an involuntary sustainable consequence, reducing the 

wastes from the perspective of sustainability. Despite all the synergies, when it comes to waste 

management, lean and green vary in some respects: while lean focuses on the reduction of resources 

for efficiency, green aims at Reduce, Reuse and Recycle (3Rs of sustainability) but also reverse 

logistic (Duarte and Machado, 2013). 

A new model for the “House of Lean” has been developed to include green thinking in it (Verrier et 

al, 2016). In Figure 2, it is possible to see how the inclusion of an additional methodology has created 

Figure 1. New House of lean (Verrier et al., 2016) 
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additional “bricks” (areas of interests). This evolution of arguments can trigger new strategies for the 

management and development of lean and sustainable implementation in a company. 

Another fundamental term in lean thinking is the Japanese term “Muda”, which means waste, 

identifying one of the biggest obstacles towards the achievement of efficiency. Each activity normally 

produces wastes and they are commonly identified and categorized as: over-production, over-

processing, motion, defects, inventory, transportation, waiting (Zokaei et al., 2013). The way that 

waste is defined is different from a lean point of view or a sustainability one: as for the first one, 

waste is something that does not increase the value of the product for the customer, while for the 

latter it is the result of a process, an excessive use of resources (EPA, 2006). In LP resources are used 

with the sole purpose of being used for value creation, if not so, they are waste (Womack and Jones, 

1998). With the reduction of such wastes, the results are an increase in product quality and in the 

usage of time inside the factory; a consequence that can be summarized in the sentence “doing more 

with less”.  

The best way to improve sustainability and processes inside a manufacturing company is by focusing 

on innovation as a key focus throughout the whole chain of design, production, and business. Benefits 

such as waste reduction and efficiency improvements are the results of a good application of such 

tools, another approach that the two methodologies share (Aguado et al., 2013).  

The literature review performed by Dhingra et al. (2014) highlighted that the implementation of lean 

tools in the company will result in many occasions in environmental benefits. Although they were 

not the main purpose of the project, the correlation for the opposite situation (efficiency benefits due 

to sustainable practices) has not given any positive outcome yet. Bergmiller and McCright (2009) 

identified that green programs improve both lean and green results when the company has already 

implemented some lean practices.  

An introductory research on how different lean tools impact sustainability (JIT, Kanban, Six-sigmas, 

VSM, TQM among the others) has been analyzed by Parveen and Kumar (2011), confirming that 

they can help achieving better environmental results by reducing the NVA processes, although there 

is the need for more in-depth analysis. Wiengarten et al. (2010) demonstrated, again as an initial and 

superficial research, that also the application of green practices can have improvements in lean and 

efficiency results. 

Exploring the synergy between LP and sustainability, Carvalho et al. (2017) in the results of their 

model, found that it is hard to achieve top performances in both fields, but there are necessary trade-
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offs, and one proposed solution was for a company to focus on lean performances while suppliers 

could give priority to sustainable approaches. 

1.3. Problem discussion 

The new interest in sustainability, together with the already well-known discussion around lean 

Production, has sparked the interest in the possible synergies between these two methodologies for 

both researchers and manufacturing companies (Bergmiller and McCright, 2009; Campos and 

Vazquez-Brust, 2016). The interaction between lean and green has been a trend of research in the last 

years, although it has not been fully developed from a research perspective, as there are still some 

areas which researchers have yet analyze. Logistic is one of the fields where there is still lacking a 

comprehensive research when it comes to this synergy for manufacturing companies (Dey et al., 2011, 

Cherrafi et al., 2016). 

Seuring and Muller (2008) have shown, by conducting a literature review about sustainability, that 

by implementing these methodologies there are potential benefits that interest economy, society, and 

environment.  

Until now, it has been shown that there are some clear correlations between these two methods. There 

is still a lack of understanding about how they interact and what is a quantifiable impact that they 

have on each other. Models to describe these correlations and their results are still not developed. No 

overview and complete description of this synergy in the different areas of a manufacturing company 

has been analyzed (Hartini and Udisubakti, 2015). 

The work done by Biggs (2009) highlighted the same positive results, showing that the whole lean 

philosophy, not only the application of tools but also the education of the workforce in the company 

among the other things, can provide the right mindset in the firm that will help to move the 

accomplishment of efficiency and environmental sustainability. Dues et al. (2013) go further in this 

study and conclude that having lean mentality makes the implementation of green tools easier, 

confirming also the connection and the benefits or the coexistence.  

The cooperation between lean and green thinking has just recently started being addressed by 

researchers, and companies have yet to approach this cooperation in a structured way. Models that 

can include both thinking are still in development and are slowly arising in the last decade (Abreu et 

al., 2017). 
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The literature review carried out by Hassini et al. (2012) indicates a lack of research in the sustainable 

approach of logistic, concerning inventory management and its application in real situations. 

Although, Seuring (2013) highlighted that not many researches have investigated the supply chain 

subject, with scarce results in each of the three aspects (environment, social and economic). Most 

researches, concerning the synergy between green and lean thinking connected to supply chain does 

not analyze a situation of an entire internal supply chain, instead they analyze a manufacturing 

industry situation where the supplier is external. To help to develop the entire situation in the whole 

supply chain, could be helpful to analyze such synergy of methodologies in the internal logistic stage, 

which could lead to different outcomes in lean and Sustainable thinking. 

Lean has produced many tools for performance evaluation of a factory, but companies still do not 

extensively use the data collected in their decision-making processes (Assarlind et al.,2012). The 

same can be said about green methodologies are available, such as Lifecycle analysis (LCA), they 

are hardly used in decision making processes (Chan et al., 2010). 

The only benchmark of lean and green performances has been evaluated by Verrier et al. (2016): it 

who successfully crated a framework for the synergy of lean and sustainability in a manufacturing 

company. Garza-Reyes (2015) in his literature review, analyzing what is lacking in the research of 

the cooperation of LP and sustainability, identifies a gap in the identification of characteristics and 

methods to use in the development of the synergy. 
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2. Objective and research question 

2.1. Objective 

The objective of this research will be to analyze of the interaction between lean and sustainability 

factors resulting from the implementation of a Value Stream Map (evaluating the current and a 

possible future state) in the logistic department of a manufacturing company. 

The research question can then be formulated in the following way: 

Q1: How does lean and Value Stream Mapping influence sustainability evaluation in 

the internal logistic department of a manufacturing company? 

2.2. Research boundaries & limitations 

The limits for the research are set around the internal logistics aspects of the company. This means 

that the parts of the manufacturing that ranges from procurements of raw materials to the last stage 

before approaching the components storage, has not been considered for the development of this 

paper. 

The factors used for the performance of this case study have been decided accordingly to their 

relevance for the case in focus and do not represent the entirety of possibilities that can be used to 

perform the evaluation. 

Although the discussion will touch the social aspects, from a sustainable point of view, the discussion 

in this research will focus only on the “internal” side of it, which purpose is to argue about the 

situation of the people who work inside the company; the “outer” side, which focuses on the 

customers perspective, is left out of the purposes of this paper. 

The evaluation of the time measurements has been adjusted to fit the research. The buffer time 

between stations has not been evaluated. It has not been possible to evaluate the time that a half pallet 

stays in the finished goods warehouse before going through repalletization. The evaluation of the lead 

time in the company will then be shorter than reality. 

For the sustainability analysis and discussion, it has not been possible to carry out more than a 

descriptive or a superficial analysis of such performance at the case company. 

The proposed future state map has not been possible to apply and evaluate its performance in a real 

scenario. The discussion is then carried out based on a theoretical approach and evaluation. 
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3. Literature review 

3.1. Lean 

One of the main principles of the lean theory are “waste” and “value”. If something does not create 

any value for the customers, it is a waste (Womack and Jones, 1997). For any process, it is possible 

to distinguish each activity as a Value-added one or a non-value-added one (Evans and Linsday, 

2015). To the first category belong the activities that transform the products by adding value to them; 

to the second one instead belongs the processes that do not increase the value of the product.  

Waste, in lean (as previously introduced) has seven different forms (Bicheno, J. & Holweg, M., 2016): 

1. Over production: manufacturing more than the necessary. It can result in other types of wastes 

(i.e. inventory and motion). 

2. Inventory: products idle inside the plant instead of reaching the customers. It is a consequence 

of a push method in the plant, rather than a pull one. 

3. Transportation: moving materials in the factory does not create any value for the customers. 

4. Motion: it can be for humans and layout. Tasks needs to be able to be performed by the personnel 

ergonomically. For the layout it relates to poor workplace design. 

5. Defects: they cost money to be fixed and lower the value for the customers. They can also lead to 

longer lead time to rework. 

6. Over processing: using more resources than necessary. 

7. Waiting: any second that a product is not undergoing any action, it does not create value for 

customers. 

These types of inefficiencies will be identified in the Current State Map (CSM) and then, for the 

proposed Future State Map (FSM), the changes will be proposed trying to improve at least one of the 

three of the following aspects: Time, Place, Form (Friedman et al., 2002). 

Another important lean tool that will be use in the evaluation of lean performance will be the 5S: Sort, 

Straighten, Shine, Standardize and Sustain (Gomez et al., 2013). Sort means to minimize the number 

of objects in each area. Everything that is not needed and used needs to be removed. Simplify a 

principle which relies on the fact that everything should be easy and immediate to get and use. Shine 

is the requirement for a working area to be clean, with everything at its place where it belongs. 

Standardize relies on having a standard procedure anywhere it is possible. Sustain stands for the 
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complete participation of the entire workforce in the application and improvement of all the lean 

principles. 

Single Minute Exchange of Dies (SMED) is another lean tool, which aims at the reduction of the time 

required to perform setup times of machines when they need to change their setting before being able 

to start to perform a new order (Sabadka et al., 2017). 

3.1.1. Value Stream Map (VSM) 

The most commonly used type of value stream map has been developed by Rother and Shook in 

1999, starting from the lean production thinking that has been discussed and developed in those years. 

The scope of this tool is to visualize the flow of material and information through a supply chain, 

highlighting different characteristics of the stages with the intent reducing wastes and improving 

Value Adding stages and reducing Non-Value Adding ones. The uses of this kind of mapping for 

flow of materials also aim at reducing the lead time of the production by working on batches, 

inventories, stations and layout of the plant (Kuhlang et al., 2011). Its validity as a lean tool to improve 

transparency and efficiency in a company has been tested and confirmed in the recent years (Koltz et 

al., 2008; Seth and Gupta, 2005). The principles upon which this tool has been developed can be 

described as: identify what is value from the perspective of the customers; understand the flow of 

materials and information; reduce and eliminate wastes; improve the flows and achieve perfection 

(Dinesh and Vaibhav, 2005). This type of process mapping follows five defined stages (Hines and 

Rich, 1997): 

1. Understand the flow of materials; 

2. Identify wastes; 

3. Consider if improvements and changes can be applied to improve efficiency of the workflow; 

4. Consider if flow of materials and transportation factors can be improved; 

5. Consider if each part of each process is done in the required way and what would change if 

unnecessary steps are eliminated. 

VSM application have expanded outside the pure application in the manufacturing field and has been 

proved a powerful tool in different areas, such as medical application and product development, 

which helped to develop new perspective not only about new way of using this tool, but also creating 

new factors that can be used in the performance evaluation in the traditional areas (Shou et al., 2017). 

Nevertheless, the manufacturing sector has been proved to be the one where this type of mapping 

has the greatest benefits (Dal Forno et al, 2014). Another evolution of this tool has been developed 
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by Faulkner and Badurdeen (2014) and then Brown et al (2014), to include to the pure lean approach 

the sustainable perspective, to get closer to the interest of the current industry and research. 

3.1.1.1. How to read VSM & Legend 

Value Stream Map is read from left to right. On the two top corners there are located the initial and 

final points for the materials included in the flow. At the center of the map, it is represented the 

production control, where the information (and data) is controlled (i.e. demand, product availability, 

status of the factory, etc.). The information coming to the shop floor and leaving the shop floor always 

go through the production control. The narrow black lines indicate the “information flow”. They 

indicate how stations are controlled and where the information goes from and to the stations. 

The boxes indicate the process box. Triangles with “I” inside indicates an inventory/warehouse. 

Under every box and triangle, it is included the information. White thick arrows indicate 

transportation and are accompanied by the transportation system used. Thick black striped arrows 

indicate a “push” approach (meaning that the manufacturing is “pushed” by the suppliers, production 

happens independently of the demand of the customers according to the schedule of the factory).

 

Figure 2 Legend for VSM 
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3.1.1.2. VSM implementation 

For the implementation of the Value Stream Map, four stages are required for the application (Rother 

and Shook, 2003): 

1. Select the product to focus for the study; 

2. Draw the current state map (CSM). The metrics for the evaluation have to be decided and 

observed during this process. 

3. Draw the future state map (FSM). It is important here to consider not only the final changes but 

also the procedure that will lead to them. 

4. Perform a comparison of the two maps to evaluate the benefits and the drawbacks of the eventual 

modifications suggested. 

KPI belonging to LP can generally be divided in the following categories: cost, quality, stock, and 

lead time (Corbett, 1998). These metrics, since they could also be connected to the reduction of 

wastes, can also be all included under a bigger category called “waste reduction”. They are type of 

metrics that focus on the evaluation of the performance of a certain action. 

3.2. Lean and sustainability synergies 

The competition between companies nowadays is no more limited to the quality of the products, but 

the competitive edge between companies has expanded including more departments of the product 

development chain. In fact, today the interest has expanded and reached the supply chain 

management, which has become now an important factor for the achievement of success in companies 

(Andersen and Skjoett-Larsen, 2009).  

60% of lean wastes are present in inventory sections. Raw material, work-in-process and finished 

goods represents the 3 stages of a manufacturing line in which materials rest at different times and 

places. Inventory wastes are present for different reasons, among which inefficiency of transportation 

in the factory, poor product planning and overproduction (Sundar et al., 2014). 

The greening of the supply chain can bring a wide range of benefits for a company, as for example 

optimization in costs and efficiency of the manufacture, reduce logistics costs, reduce emissions and 

wastes (Mckinnong et al., 2010). 
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The impact of lean economic benefits, in particular by applying Just-in-Time to an inventory, has 

shown to have positive effects, although the results vary with the firms and they extend also to other 

sectors outside the inventory field (Hofer et al., 2012). Adopting a green “mentality” in supply chain 

can lead to beneficial results among which profits, by saving in transportation, reducing energy usage 

and changing its source and of course also reducing wastes (Sakar, 2012). Some metrics and 

indicators of performance have been identified looking at how at another green methodology: Green 

Supply Chain Management (GSCM). The work by Hervani et al. (2005), creates an overview of the 

green issues and parameters that can be included in the development of a sustainable supply chain. 

A model has been proposed by Pampanelli et al. (2014), which integrates lean and sustainability 

aspects together to evaluate the impact that they have, on a manufacturing cell level, when it comes 

to energy reduction, economic impact, involvement of personnel and operational optimization. The 

results gave positive outcomes in each of the three sustainability roads, but as highlighted by the 

authors, their methodology has been focused only on a lean production cell and this approach should 

be extended to other parts of a company to confirm its validity. When it comes to supply chain, it is 

important to consider that there are a lot of factors that are connected to each other in a way that 

allows a smooth flow of resources and analyzing and eventually changing even a small part of it can 

“touch” other parts of the supply chain which are not directly connected to the part on focus (Jahre 

and Hatteland, 2005). 

Some studies have already explored the possibilities of including energetic metrics to the mapping 

(Kuriger and Chen, 2010; Dadashzadeh and Wharton, 2012), shifting the traditional map towards 

more environmental objectives. 

A different model been proposed by Aguado et al. (2012), which focuses on sustainability 

improvements in the manufacturing processes and by using some lean and environmental practices, 

evaluating in the end the benefits obtained. 

The impact of lean tools (VSM, 5S, Single Minute Exchange of Die, Cellular Manufacturing, Total 

Productive Maintenance) towards the reaching of sustainable goals has been explored in different 

motorcycle manufacturing companies by Chiarini (2014), confirming the influence/synergy. He 

highlights how the results, even if providing good insight for what concerns the use of tools, can give 

different results depending on the conditions of the different companies. The conclusions have shown 

that the application of these tools lead to very different result from company to company. 
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Some initial case studies have been carried out by Helleno et al., (2017) who tried to integrate Key 

Performance Indicators (KPI) for both green and lean philosophies. Value stream map has been used 

to evaluate the current impact in social, environmental and economic aspects, although highlighting 

that there are still relevant gaps required before their approach can be used as a tool in the 

manufacturing companies. One example of sustainable VSM has been proposed by Faulkner and 

Badurdeen (2014), which tried to include metrics belonging from the environmental, social and 

economic sphere together and applying their methodology to a case study to evaluate its validity in 

the industry. Although the results were positive, more research and exploration, together with the 

application in more fields, is suggested to validate the methodology proposed, as well as the 

outcomes, because of the difficulties of generalizing a case study as a research methodology.  

Klevås (2005) explored the case of a company in which packaging and logistics are closely related. 

He analyses how the changes in area can influence, in positive and negative ways the others. This 

research has demonstrated how logistic is a key topic that can be used to enhance the supply chain in 

different way, by dealing with aspects that are not strictly related to the logistics aspects themselves. 

3.3. Sustainability in a company 

It has already been introduced the triple bottom line that composes sustainability. As it is very hard 

to accomplish different type of goals at the same time and this division helps to create an 

understanding of how actions that are taken inside a company can influence these areas and in which 

way. 

One example is the administrative standard proposed in ISO 14001, which addresses the topic of 

sustainability issues and how to handle them in a company. To be approved to this standard, a 

company has to demonstrate that it follows the current environmental regulations in act; state 

objectives and policies in official documents to prove their commitment; adopt tools and system to 

supervise the actions and work towards a continuous improvement of its objective; adapt the whole 

supply chain to these sustainable standards. It is possible to see that this standard, which is widely 

known and applied, does not provide with direct regulations about how to pursue sustainability, but 

they rather provide a general framework to use in sustainability issues. Although, this Environmental 

Management System (EMS) does not include the social sphere of sustainability in the standard. 

One example of sustainable tool that has been developed to help companies to consider the flow of 

material by questioning the fair use of research, trying to reduce the use of resources for a better 

development of the planet is Factor X (Robert, 2012). There are many approaches that are utilized 
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surrounding the environmental situation of the planet, other examples can be the determination to 

reduce the emission of CO2 in the atmosphere, a concept that has been developed under the name of 

Ecological Footprint (EF). It does not limit itself to carbon emissions, but in general it aims at 

benchmarking the impact (footprint) that technological development brings in companies, to show 

the results and work to improve the system.  

Natural Capitalism (NC) is another concept that works more on the social-economical area and it tries 

to integrate the social aspects into the economical discussion (Robert, 2012). It aims at reducing the 

pressure from the environment by improving the productivity of resources, as well trying to use the 

wastes as new resources (closed loop). It also suggests investing in natural and human capital, a key 

step in the achievement of sustainability. 

Governance is defined by researches as a “changed way of governing” (Van Der Brande et al, 2011), 

It aims at guiding the changes in the company in a proper way. What stands with governance is not 

limited to one individual stakeholder, but there are different influences that act together, to create a 

participative decision making (Waas et al., 2011). Talking about sustainability, there are a lot of 

stakeholders that can change the way a system is perceived and what is good and what is not. Due to 

the continuous change in the worlds, being it economical, ecological or social, it is possible that the 

boundaries changes. Changes can come from either inside the company (i.e. management decisions) 

but also external to the company (i.e. Government policies, law, standards, etc.). 
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4. Theoretical framework  

4.1. Overview of the flow of material 

A representation of the flow of material inside the manufacturing company chosen for the case 

study, focusing on the logistic sector, is presented in Figure 5. The plant is designed to allow the 

manufacturing process in a top-to-bottom procedure, from the warehouse of raw materials until 

the finished product warehouse. In the factory it is produced one product group (kitchen front, 

the “door” that covers the furniture in the kitchen, such as cupboards. Figure 4) in three different 

families. The products, once machining and lacquering operations are completed, are located in 

Figure 3 Flow of material in the factory 
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a dedicated storage area called “components warehouse”, until the packaging line is ready to 

start the final packaging process. 

 

Figure 4 Example of a kitchen front 

Every order is made of a fixed number of products, in the quantity of hundreds (the number of 

products per order is not relevant for the research). The products are loaded into pallets and each 

pallet has a different number of products depending on the size of the products. The number of 

products per pallet before the packaging line is different from the number of products in the 

pallets after the packaging line, since the packaging increases the dimensions of the products. 

The first operation that every batch of products must undergo once it leaves the components 

warehouse is the packaging process. In the plant, there are present four automatic packaging 

lines, each of them working independently on individual orders. There are another 2 semi-

automatic lines, working in different conditions and therefore have not been included in the 

research. At the packaging line, there is dedicated workforce with the task of supervising the 

operation, as well as performing quality check of the individual products fed to the line. Because 

of the quality control, there are a variable number of products that will be out-sorted from the 

packaging line and will not move along the rest of the line. This means that, for every order, the 

last load unit collecting the products out of the packaging line can present different number of 

products, which will be simplified into full or half pallet, in the following way: 

• Full pallets: the load units which carry the maximum possible number of products; 

• Half pallets: The load units which carry less than the maximum number of products, 

independently of how many products are loaded on it. 
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After packaging, pallets move to the wrapping station. If it is a full pallet, it goes through the 

strapping and wrapping operation, to be at the end moved to the finished goods storage. In case 

it is a half pallet, in the case it satisfies a height requirement (set by the company), it goes through 

the wrapping station as the full pallet; in case it does not satisfy that condition, wrapping station 

is skipped and the pallet goes to the finished goods storage, and the wrapping station will happen 

only after the reassembly operation. Depending on their loading state, two scenarios are 

presented:  

• Full pallets: once the pallet reaches the warehouse, it is stored in the warehouse until the 

shipping order arrives. 

• Partially filled pallets: in a first moment, the pallet is stored in an area dedicated to these 

type of pallets, where it rests until the reassembly operation. This operation is performed by 

human workforce and it consists in reassembling pallets partially filled together (for the 

same type of products) to create a fully loaded one. In case the finished pallet has not already 

been wrapped before reassembly, it will go through the wrapping station before being 

located in the finished goods warehouse, ready to ship to the distribution center. If a 

reassembled pallet is already wrapped, it can be enough to adjust the plastic wrap, an 

operation performed manually by the operators at the end of repalletization. 

The reassembly operation is performed in an area dedicated to this task, created inside an isle 

of the finished goods warehouse, where the environment has been adequately adapted to this 

operation (dedicated tooling, lightings, forklifts etc.). 

The flow of material that composes the logistic department, in this case study, starts at the 

components warehouse and ends at the finished products warehouse. 

4.2. Theoretical approach 

The structure of the research for this research will follow these steps: 

• Factors and indicators, according to both lean and sustainability, for the creation of the Value 

Stream Map will be discussed and decided 

• Observation in the factory are carried out 

• Apply the VSM to map the flow of material in the case study company 

• Evaluate lean and sustainability in the current state 

• Propose changes according to the previous discussion 
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• Evaluate how lean and sustainability synergize in the Future State Map 

For the methodology used in this research, to the traditional structure of the VSM, additional metrics 

have been included to analyze supplementary information regarding lean and Sustainable factors. 

Because the research focuses on the final part of the supply chain, the starting point for the flow of 

material have been considered at the warehouse where the products are collected once they exit the 

last manufacturing stage, called “component warehouse”. At this point of production, the products 

are stored in the warehouse in pallets, according to their dimensions. 

4.2.1. VSM metrics 

The decision of the factors that are going to be observed in the mapping are very important, as they 

need to be able to represent the wastes in the flow correctly and completely (Rother and Shook, 2003). 

Depending on the purpose of the evaluation, different type of metrics can be decided, which should 

be key indicators of what is important inside the set boundaries. Here these factors have been divided 

according to which thinking they belong, to make simple the division and their contribution to the 

research. With the focus put on the logistic department of a manufacturing company, the indicators 

have been chosen accordingly.  

Because the scope of the research is to evaluate if a lean tool can be used to correctly estimate 

parameters belonging to different theories, the categorization of the metrics has been decided 

accordingly. The division has been made to help the readers to have a better overview of the different 

parameters, but in reality, the factors cannot be divided so sharply, as each factor has an influence in 

more that the area in which it has been categorized in this chapter. 

To evaluate the lean metrics, the model proposed by Behrouzi and Wong (2011) have been taken as 

an example and adapted to the purpose of this research, as they propose the most important factors to 

calculate the efficiency in a production line from a lean perspective. 

The most commonly used metrics in the creation of a Value Stream Map are the ones that relate the 

manufacturing stages to the time evaluations (Rother and Shook, 2003). Because this final stage of 

the production chain is considered NVA, time evaluations reveal themselves essential to be measured 

to achieve leanness in this stage by using value stream mapping. These time metrics are the ones that 

are commonly applied in a VSM (Rother and Shook, 2003; Seth and Gupta, 2005). The factors that 

have been decided to be observed for the time data are collected in Table 1.  



26 

 

 

Time observations will help to compare the productivity at this stage, from an efficiency perspective, 

but they will also be used in the calculation of the costs for the operations and warehousing, to help 

achieve more than a sole improvement in takt time. Time measurements will be carried out in seconds 

or minutes, to facilitate the readers in case the operations are long lasting.  

Cycle time measures the time that is required for one part to come off a manufacturing station (i.e. 

automatic packaging line, wrapping line, etc.), to the next one. It will be used to evaluate the time 

efficiency of the different stations, without considering the buffering and inventories through the 

flow. Lead time is the measure of the “time of order”, meaning the total time that passes from 

submitting the order to its completion, including active and passive time. Set-up time measures the 

time that is required to prepare machines and operators to adjust to start the production of a different 

type of products. Working time is the total time that each machine is available during a working day. 

In the stage of the packaging station, cycle time measurement has been carried out for both a product 

and a pallet, as this difference will provide a relevant point of discussion in the discussion surrounding 

the efficiency of the overall department. 

Metric Description 

• Cycle time (s) • The time that passes from one part coming off the 

process to the next one. 

• Set-up time(s) • Time to prepare for the process 

• Working time (minutes) • Time available per day 

• Lead time (s) • Time required for a product to move from the 

beginning of the stream to its end. 

Table 1 Time metrics 

Because the part of the area of interest of this research includes warehousing, parameters that allows 

to quantify and compare space and other factors are valuable (Table 2). The flow of material will be 

evaluated based on the load units used in this section, which is pallet. For this reason, information 

about the status of the pallet (full or partially/half filled) will be collected. More in details, it is 

valuable to measure how many pallets in each situation are present in the warehouses, as well as how 

many are produced and eliminated in the production line. In addition to that, also the knowledge of 

the current inventory level, which means how much the storages are used, will provide insight on the 

efficiency in the logistic area. The percentage of products out-sorted in the manufacture will support 

to highlight the importance that being efficient in the way that products are stored in the finished 

goods warehouse. The knowledge about how many different type of products, including all the small 
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parts of the assembly as well as the ones used for packaging and transportation, helps to understand 

how many different parts are part of the flow of material in this area. 

Metric Description 

• Half pallet in warehouse • How many partially filled pallets are 

present in the finished goods warehouse 

• Inventory level • Stock level of product in the warehouse 

• Warehouse space/capacity utilization • Dimensions of the warehouses/ how the 

warehouse is used 

• Out-sorting • Percentage of products that are reworked 

and scraped (because of defects, per 

order) 

• Half pallet reassembly • How many half pallets are reassembled, 

per day 

• Half pallet production • How many half pallets are produced, per 

day 

• Number of products • How many products (primary, secondary 

and tertiary) are required 

Table 2 Space & other metrics 

The observations will also provide “non numerical information” about the operations and the 

workforce that is employed in these stages of the factory and will be use as completementary data to 

analyze the logistic situation. With this information collected, the data will be used to perform the 

evaluation of the impact that these metrics have on the following areas, by creating Value Stream 

Map as a tool to visualize the flow: space, time, costs, social aspects and enviornment (Figure 4). 

4.3. Lean 

With the information collected in the CSM, the discussion of the lean performance of the flow of 

material will center around the 7 wastes (over production, inventory, transportation, motion, defects, 

over processing and waiting). Time evaluations are a metric of evaluation for the workflow of the 

material through the different station and they reflect the efficiency of output of each process. If times 

fluctuates, or their measure inflates the final lead time, consideration about changes are made. 

For every station, in case of the presence of any muda, it will be analyzed and discussed. In the design 

of the FSM, these considerations will be considered, proposing an alternative that improves the 

inefficacies present in the CSM. In the logistics department, the central factor to consider is the load 
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unit (i.e. the pallet). For this reason, with the information collected around the pallets flow throughout 

the factory, their situation will be central. An analysis of the warehouses and its inventory condition 

and efficiency is made in relation to the previous stations, to see how it is possible to improve the 

performance of warehouses.  

To connect lean and sustainable wastes, the model proposed by Verrier et al. (2016) (Table 3) is used 

to compare and validate their result to the ones of this research. This table will help to develop the 

discussion around the connections and the influences that lean and sustainability have on each other. 
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Lean muda Associated green impacts 

Overproduction o Unnecessary use of energy and raw 

materials, further safety troubles in case 

hazardous substances are involved, 

potential increase of direct output emissions 

Unnecessary inventory o Excessive power usage for 

heating/cooling/lighting… 

o Potential extra material usage and rubbish 

production due to added packaging and 

possible products deterioration 

Transport o Energy usage in transports 

o Generated emissions in the air 

o Special risks in case of hazardous freight 

Unnecessary motion o Potential more space (energy) and 

packaging (materials) required for 

unnecessary motions 

Defects o Waste of raw material and energy 

o Management of re-treatments (energy, 

disposal…) 

Inappropriate processing o Unnecessary energy and raw materials 

needed, more rubbish and emissions 

created, potentially hazardous processes 

Waiting o Spoiled energy and resources, potential 

material damages 

Lost people potential o Lost potential for improvement 

Table 3 Correlation between lean wastes and green impacts (Verrier et al., 2016) 

 

4.4. Sustainability 

Sustainability indicators will not be numerical, but they will be analyzed by looking at the results of 

the Value Stream Map and the observations of the flow of materials.  
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To perform the analysis under the sustainable lenses, the Triple Bottom Line topics (Economic, 

Environmental and Social) will be analyzed and discussed individually, looking at different factors. 

As a starting point for the sustainability discussion, the literature review performed by Helleno et al. 

(2017) has been evaluated and adapted to the field examined in this research (Table 4). 

The goal of the discussion of the sustainability factors aims to see the correlations and influences that 

are possible to observe and integrate in a VSM, looking at current state, areas of improvement, and 

consequences of the improvement in the future state mapping. 

 Area Indicator Authors 

Economic Dimension • Cost Management 

 

• Operational 

Efficiency 

Costs (equipment, 

materials and 

services). 

Cycle time; setup 

time; Flexibility; 

inventory and stock. 

Aguado et al. (2013) 

 

 

Hajmohammad et al. 

(2012); Pettersen 

(2012); Lee et al. 

(2014) 

Social Dimension • Quality and Health 

• Human resources 

• Community 

Ergonomics. 

 

Skilled labor and 

performance. 

Corporative 

philanthropy. 

Lee et al. (2014); 

Brown et al. (2014) 

Jabbour et al. (2015) 

 

Roca and Searcy 

(2011)  

Environmental 

Dimension 

• Environmental 

Aspects 

• Product Life Cycle 

Environmental aspects 

and impacts. 

3R’s (Reduce, Reuse, 

Recycle) 

Tseng et al. (2014); 

Jabbour et al. (2012) 

Haden et al. (2012); 

Hajmohammad et al. 

(2012); Lee et al. 

(2014); Brown et al. 

(2014) 

Table 4 Literature review regarding sustainability (Helleno et al., 2017) 
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4.4.1. Economic dimension 

In the economic sphere, it is important to have a clear and accurate picture of as many aspects of costs 

as possible. One of the aspects that will be discussed will be the cost of each operation at this stage, 

which will be measured also in correlation to the cost that each product “carries” throughout the 

logistics stations (i.e. the cost of each station is added to the cost of final product). The costs for 

inventories and warehouses (components and finished goods) have also been considered. 

In each argumentation surrounding the costs, it is valuable to discuss the connection between the costs 

for every operation and how much it increases, or not, the value of the product to the final customers. 

4.4.2. Social dimension 

In the social sphere, the only factors that will be discussed are related to the ergonomics of the 

environment and the social aspects that influence the personnel working in logistics. The main goal 

of study of the social dimension will be to estimate the level of satisfaction and gratification that the 

personnel working in logistics. This includes factors such as the value of the tasks that are performed 

related to the skill that needs to be developed and applied by the employee, to analyze if the human 

potential is used at its best, or it can be considered as under-performant. The inclusion and capability 

to be socially active and not in an isolated working area is another valuable parameter that influences 

the satisfaction of the workforce. The hazards in this research includes the repetition of a task, as well 

as the ergonomics condition inside the factory.  

4.4.3. Environmental dimension 

In the environmental area the discussion will be around the general environmental aspects and impact 

connected to the use of resources throughout the complete flow of materials. 

The units of measure of the environmental dimension will be the products and pallets, since they are 

the main material moved in logistics. The way that resources are used, and how efficiently they 

perform at the different points of the flow will be analyzed. Considering that inside the warehouses 

is required a certain level of maintenance (lightings, heat, etc.), the performance of these two 

departments will be considered. 
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5. Research methodology 

5.1. Research approach 

Depending on the goal of the research, there are different field of methodology that can be chosen. 

The two main branches are inductive and deductive theories. In the inductive approach, the researches 

start with the collection of information and from the analysis they create a theory based on the data; 

deductive methodology has the opposite direction, it starts with the analysis of a theory and uses it as 

a basis for the deduction of a hypothesis. There is a third methodology, which is a hybrid of the two 

previously exposed, which is called abductive research. This last method is the most commonly used 

when the research is performed as a case study, because a real-life situation is studied to have a more 

profound understanding of the phenomena (Bryman and Bell, 2015). 

The approach that has been used in this paper, as the case study has been chosen as the methodology 

to use, will be an abductive approach, since an existing theory (lean and sustainability) will be used 

in a new context (internal logistics) to have a deeper understanding of the topic. 

5.2. Case Study 

5.2.1. Case study design 

The motivation behind the decision of using the case study, as a methodological approach for this 

research, is that it focuses on the application of a tool on a contemporary situation to evaluate the 

results based on the data collected by the evaluation of the situation (Yin R.K., 2014).  To be able to 

correctly assess the outcome of a case study, it is important to define the case with its activities and 

outcomes in a logical way, considering at the same time where to set the boundaries of the case itself 

(Kellogg Foundation, 2004, Yin R.K., 2014). 

The theory that is included in the research should provide the required structure to back up the entirety 

of the research, which is also important for the shaping of the design for the case study (Yin R.K., 

2014). 

As this research uses a single-case design, it has been of primary importance the decision surrounding 

the reasons and the factors that would made this situation relevant as a sample for the research, as 

normally more than one case is required to make valid the research (Yin R.K., 2014). In this case, the 

problem analyzed, and the company chose for the evaluation, analyze a common problem that can be 

related to other companies and offers solutions that are possible to generalize.  
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5.3. Criteria for research validity 

5.3.1. Validity 

One of the most difficult thing to overcome when it comes to case studies is the lack of objectivity 

when the research is performed (Ruddin, 2006). To have a valid case study, it is important to have a 

structure for the research which is validated by other studies as well as trying to validate the research 

by proving a chain of evidence when performing the data collection (Yin R.K., 2014). 

To have a valid case study, it must be carefully explained how the phenomena are linked to each other 

and how it is relevant for the research (Cook and Campbell, 1979). Finally, it is important to know if 

the results of the research are generalizable, and to which extent it is possible to do so (Yin R.K., 

2014). 

Overall, it is possible to consider a study valid once it accurately observes the features of a situation 

analyzed (Hammersley, 1987). 

Reliability is another essential criterion for the success of a research, and it is closely connected to 

validity. For a study to be reliable, it is important to accurately describe how the study has been 

performed and all the information and data collected need to be present in the paper (Corbin et al., 

2015). In such a way, in the case that another researcher will perform the same study again in the 

same conditions, the results will be the same. 

5.3.2. Generalization 

Case studies are generally hard to generalize because of the structure that composes the company are 

normally specific, meaning that the data collected from a single situation might not be valid on a 

broad scale. To solve this problem, it is important to have a well-designed theory to back up the 

research (Yin R.K., 2014).  

At the same time, it can be highlighted that, in general, case studies do not focus on creating a general 

knowledge from a single case, but this approach is very helpful to provide new understanding of a 

concept that can then be applied beyond the single case analyzed (Corbin et al., 2015) to other similar 

situations (Yin R. K., 2012). 
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5.4. Methods of data collection 

5.4.1. Direct observation 

The main system used for the data collection is direct observation of the phenomena. This method of 

data collection is suggested by Rother and Shook (2003) as the most suitable one for the drawing of 

a Value Stream Map, as it offered a clear and unbiased view of all the different stages, offering the 

time to see of each piece of the plant interact with the others.  

This type of collection method offers the possibility to collect primary type of data. It means that the 

information collected will be objective and accurate, because it will be directly collected by the 

researches without passing through any other source, which could produce bias. The reliability will 

improve since more than an individual observation will be made. Cross verification of the data 

collection, by confronting with other sources will also help the reliability. It is also important to 

consider that there must be a strong structure to back observations, as it can be hard to collect the 

information properly by using this approach (Ghauri, and Grønhaug, 2010). 

5.4.2. Document analysis 

Information concerning costs and space, in this research, have been collected by the analysis of the 

official document provided by the company used in the case study. Reports and official documents 

are valuable resources of data, easily accessible with the approval of the company (Bryman and Bell, 

2015).  

Contrarily to observation, using documentation coming from sources internal to the company belongs 

to the category of secondary data (Bryman and Bell, 2015). The benefits of using this type of 

collection can be the savings in time, which is already available to the researchers without requiring 

the time to personally investigate the phenomena to have the required information; on the other hand, 

the main drawback coming from the utilization of this methodology is that it can lack objectivity, or 

the way that the information has been obtained in the first place might not reflect the requisite that 

are used for the research (Ghauri, and Grønhaug, 2010). 

5.5. Ethical implications 

As the nature of the research is a case study, it is important to consider the ethical implication that 

this approach has on the way that the whole study is structured. It is important to look at the problems 

in an unbiased way, keeping an objective point of view for the entirety of the research. The researcher 
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needs to have a critical eye to any type of information considering its source, to not have the outcomes 

of the study swayed by the perspective that the company might have (Yin R.K., 2014). 

To be ethically fair, for the entirety of the study, the data and information that are prioritized will be 

primary sources, while in case there is not the possibility to obtain them with this approach, secondary 

sources will be used, but carefully analyzing as possible its trustworthiness, also making this 

information transparent to the readers (Corbin et al., 2015). 

5.6. Case study decision 

Data have been collected inside a furniture manufacturing company, which has been chosen as the 

case study for this research paper. Because for the development of the research it is necessary to have 

a company which offers the possibility to apply the methodologies decided for this study, the 

company revealed itself to be a possible solution for this purpose. It has already implemented to a 

certain extent the principles of lean thinking inside the plant and has a strong interest in the application 

of sustainability. 

The layout of the plant used in this case study reveals itself very helpful for this research, since the 

entire logistic department is located internally to the factory, which offered the possibility to observe 

and collect the necessary information without the involvement of additional stakeholders, making the 

workflow more accessible and easy to analyze.  

Because of the sensitivity of the information, as well as to help the correct understanding of the 

functioning of the plant, the data collection has been supervised by an internal supervisor from the 

company. 
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6. Empirical analysis 

6.1. Current state mapping (CSM) 

The entire structure works 5 days a week, 24 hours per day. There are 3 shifts during every day, 

arrange in groups of personnel who works in the same groups, but at different times and at different 

lines. They have different jobs and their tasks depend on their competence (i.e. operator at a station, 

warehousing personnel etc.). 

The plant manufactures 468 variations of products, which corresponds to the maximum difference of 

batches that can be present in the component warehouse. Because of differences in the requirements 

of these products once they reach the distribution centers, they need to satisfy different necessities as 

they undergo the packaging process (i.e. different labels/packaging for different languages). Because 

of these differences, from the range of products in the components storage, in the finished goods 

warehouse there will be instead 612 variations of products. In the component warehouse, there are 

also stored all the secondary and tertiary kind of pieces for the assembly of the packaging, as 

cardboards, labels, pallets, wrapping plastics and others. 

The packaging lines operate with different type of products (different dimensions and different colors 

for the products) and measurements have been observed for different type of products. As described 

in chapter 6.1, every order begins with its submission coming from an operator, who decides, by 

looking at the status of availability and demand on a computer, which order needs to be packed.  

6.1.1. Lead time 

The lead time, which is the overall time that is required to move a product from the beginning 

(component storage) to the end of the logistic line (finished goods warehouse) can then be evaluated 

to be of 1 hour, 2 minutes and 50 seconds in case that repalletization happens, while in case of a full 

pallet after packaging, it takes 43 minutes and 20 seconds (Table 14). In this result, the buffer times, 

the time that a product waits at the end of a process, before it starts the following one, and the 

transportation times have not been considered. It is a simplification of reality as it has been able to be 

collected during the observations. In reality, the time required to move a product from the beginning 

to the end of the process is longer. 

Half pallet 1:02:50 

Full pallet 00:43:20 

Table 5 Lead time (hh:mm:ss) 
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Figure 5 is the visual representation, as a Value Stream Map, of the current state map of the logistic 

area in the factory (read from up-left, components warehouse, to right). 

 

Figure 5 VSM of current state 

6.1.2. Automatic packaging line 

The first step undergoing at the beginning of an order consists of an automatic machine which picks 

up (without any precise priority) the main products and all the other components required for the 

packaging operation and delivers them to dedicated station. Meanwhile the personnel are directly 

participating in the setup operation, by handling and feeding the pieces that are not automatically put 

into the line (i.e. cardboards, pallets, labels etc.) into the line. The time evaluations of the setup time 

for the packaging line are collected in Table 5.  
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Cycle time per 

product (seconds) 

Cycle time per 

pallet 

(minutes) 

Setup time 

(minutes) 

Working time 

(seconds) 

Observation 1 

70 seconds 

14 minutes 25 minutes 43200 seconds (5 

days, 24 hours 

per day) Observation 2 20 minutes 24 minutes 

Table 6 Packaging station (average, seconds or minutes) 

The tasks related to the setup operations are managed by the same personnel that is dedicated to the 

packaging line, which involves in total three persons. Once the setup is completed, the operators reach 

their dedicated locations and the products starts to flow into the line. The operation has three operators 

dedicated, with the following tasks: two performs quality check, while a third one has the task to 

ensure that the station has all the necessary material to keep the packaging going. 

The cycle time at the packaging line is the total time that a piece takes to move from the moment it 

leaves the pallet at the beginning of the station, go through quality check and packaging until it is put 

into a new pallet together with all other pieces, of the same order, output of this process. The data 

collected measured that the cycle time for the product was 70 seconds in both instances. Before a 

product can move to the next station, the pallets need to be completely filled with other products, or 

else there must be no more pieces to feed to the line. The time required to complete a pallet varies, as 

the dimensions of the products are different, as well as for other reasons (i.e. out-sorting due to quality 

check). A pallet can be loaded with many pieces each row, in case the product is small, or only few, 

if the product is of a big size. In the observation performed, as well as considering the cycle time per 

product, the result shows that it has been required 14 and 20 minutes to completely fill a pallet (Table 

4).   

Set-up time fluctuates in a range that varies from 2-3 minutes to more than 20, as there can be different 

scenarios which have been observed: the shortest times are associated to changes that do not require 

extensive operations, while in case that there is, for example, a shortage of personnel or the necessity 

of longer operations (i.e. change of labels for the packaging), the time extends. On appendix 11.1, it 

is shown the detailed report of the set-up time for a packaging line taken from the databases of the 

company (which contains the raw data), while on Table 4, it is reported the time observations 

performed on the spot by the researcher, in 2 different iterations. 
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If a product shows defects, depending on its condition it can be either scraped or reworked. To 

understand the impact which comes from having the quality control at the beginning of the packaging 

station, in Table 6 (raw data in appendix 12.2, source: company database) is presented the percentage 

of the products that are stopped at this stage, per order. 

March 18 February 

18 

January 18 December 

17 

November 

17 

October 17 Average 

8,2% 7,6% 9,7% 9,5% 9,6% 9,3% 8,8% 

Table 7 Percentage of out sorting products due to quality requirements (average per month) 

6.1.3. Wrapping station 

Once a pallet is fully loaded at the end of the packaging line, it moves to the wrapping station, 

where machines adds layers of plastic stretch foil to each pallet. 

In the situation of a half pallet, it goes through this station only if it satisfies a minimum height 

requirement. If it does not, this station is skipped, and the pallet will go through wrapping only 

after having been reassembled into a full pallet. 

This line in the factory works without the necessity of dedicated workforce to supervise each 

cycle, as the human contribution is limited to maintenance, problem solving and changing the 

materials required for the operation. This station is made of out two lines, which have to suffice 

for the entire range of products coming out of the 6 lines. These machines can work at the same 

time, and the period necessary to perform the operation varies of a minor quantity of time 

depending on the type of product or the number of pieces in the lot. The only buffer present in 

this station is dependent on the time required to complete a pallet in the packaging line and move 

it to the wrapping line. The output of this stage is then sent to the finished good warehouse and 

depending on its loading status (full or half pallet) it will be located on dedicated slots. Buffer 

times between the operations are negligible for this research, as the machines are dealing with 

the incoming pallets continuously without creating any effective delay, and they also leave the 

area in a negligible number of time, without creating bottlenecks and delays. In the two 

observations performed, two cycle times have been measured. The results (184 and 160 seconds) 

depends on the different kind of products loaded into the pallets (Table 7). 
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 Cycle time Setup time Working time 

Observation 1 (large 

size pallet) 
184 seconds 

0 

43200 seconds (5 

days, 24 hours per 

day) 
Observation 2 (medium 

size pallet) 
160 seconds 

Table 8 Wrapping station (seconds) 

6.1.4. Reassembly operation 

The reassembly operation interests only load units that have not been completely filled during 

the packaging operation, and it is performed manually by dedicated personnel. The operators 

can see the different available pallets in the warehouse (and their relative information such as 

the type of product, the number of pallet, their location in the warehouse and others). The 

personnel order from the storage the necessary number of load units to then work on the pallets 

to assemble them and ship them back in the storage, as full pallets, once the operation is 

completed. It is not always the case that from the initial number of half pallets, the whole batch 

will be removed and replaced by entirely full pallets. There is the possibility that at the end of a 

reassembly operation, there will be some remaining products that cannot be assembled into 

finished pallets and therefore a final half pallet will remain and put back in the first floor, until 

a new reassembly happens. In the same way, the number of half pallets chosen for the reassembly 

and the final number of full pallets will vary accordingly, and it is not possible to predict in a 

systematic way. This process in carried out every shift of every day, depending on the 

availability of the operators, which are not exclusively dedicated to this action, but have other 

tasks to perform in the warehouse (i.e. moving pallets of components from storage to the 

assembly line, moving pallets in and out the warehouse etc.).  

It is important to highlight that evaluating this station has been revealed itself to be complicated, 

as its duration varies depending on different factors, mainly the priority of action requested by 

the personnel dedicated to the station, as stated above. Due to the complete dependence of this 

operation on human workforce, all time evaluations strongly fluctuate. The operators have to 

find the right number of pallets in the warehouse for the reassembly, receive them, allocate them 

in the area, perform the operation, allocate them in a different place inside the workstation before 

finally stock them in the finished goods warehouse once they are complete. At the same time, 

during the operation it has happened quite frequently that the workforce had to perform some 

other tasks in the warehouse, or some other activities happened as the reassembly was 
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undergoing, elongating the time required to complete their current task. At the same time, 

depending on the number of products that are moved from one batch to the other, the time varies.  

To improve the quality of the time evaluation of this station, more than a single iteration of this 

reassembly operation has been observed and measured and the time is collected in Table 8: 

1. 2 pallets which were close to be completely filled (around 85% and 90% respectively) have 

been reassembled to completion taking the pieces from a third pallet, with only few products. 

The time required to complete the reassembly operation took 8 minutes, but if in the 

measurement is included the time to move the pallets around the workstation and “minor” 

interruptions of the operation, the time rises up to 25 minutes. 

2. 2 partially filled pallets assembled into a complete one. The operation itself took 7 minutes, 

but the overall time rises to 14 minutes if considering the movement of the units and 

interruptions of the flow. 

The number of full pallets that results from the reassembly operation varies on the number of 

products of the half pallets used for this action and the real number has not been considered 

valuable for this research. 

 Operation time Total time 

Observation 1 8 minutes 25 minutes 

Observation 2 7 minutes 14 minutes 

Table 9 Reassembly operation (minutes) 

The company have records of the number of output full pallets results of repalletization, every 

day, in the reassembly station (Table 9. Raw data in appendix 12.3. source: company database). 

As it is possible to see in that same table, there is fluctuation in the way that this station performs, 

which is again due to the fact that the personnel shares different responsibilities and tasks at 

different places inside the factory, not allowing to focus on a single action as it could be for the 

reassembly operation. In appendix 11.3 there are collected the detailed data of the half pallets 

reduced by this operation. 

April 18 March 18 
February 

18 

January 

18 

December 

17 

November 

17 

October 

17 
Average 

16 16 20 22 14 12 18 17 

Table 10 Full pallets resulted from reassembly per day (monthly average) 
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6.1.5. Finished goods warehouse 

The storage is designed in a way that allows to collect all the partially filled pallets in only one floor 

(1st floor), while the other floors stores the full pallets, for all the kind of products. In case a unit is in 

the 1st floor, it means that it will go through repalletization; if it is a full unit, it will be ready to be 

shipped to the distribution centers. In Table 10 the summary of how much the warehouse is used is 

presented (in percentage). The first floor is filled for the 71,1% of its capacity, which highlights the 

impact that the creation of half pallets has on the inventory. The other floors are filled for half of their 

capacity. 

1st floor 2nd floor 3rd floor 4th floor 5th floor 6th floor 7th floor 

71,2 52,2 51,9 52,3 52 52,7 52,3 

Table 11 Area occupied by pallets in the finished goods warehouse (%) 

In Table 11 it is shown in more details the number of half pallets present on the 1st floor at different 

point in time (raw data in appendix 12.4, source: company database). This information has been 

collected from the software, which provides the company real time statistics of the filling rate in the 

warehouse.  In the finished goods storage the number of half pallets present varies every day, as this 

result fluctuates depending on number of orders submitted, the time required to complete them as 

well as the number of repalletization that happens every day. 

October 17 November 17 December 17 January 18 February 18 Average 

599 637 626 481 441 579 

Table 12 Number of half pallets in the finished good warehouse per day (average per month) 

In Table 12, it is summarized the number of half pallets that are produced by the automatic 

palletization lines per day, on a monthly average (raw detailed information available in Appendix 

12.3, source: company database). Looking at the detailed report of this information, it is possible to 

see, that in the same way that happened for the reassembly operation, also in the packaging line there 

are days when there is no production of half pallets, and other days when the production is above its 

average. The fluctuation is mostly connected to the percentage of products that are stopped during 

the quality control in this station, as it also depends on the time required to complete each order and 

eventual inefficiencies and problems that can happen during the operations. 
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April 18 March 18 
February 

18 

January 

18 

December 

18 

November 

18 

October 

18 
Average 

10 7 4 3 3 2 2 4 

Table 13 Number of half pallets produced per day (monthly average) 

In Table 13, it is shown the difference at different period of times, between the number of pallets that 

are produced compared to the number that are removed per day. It has to be recalled that, during the 

repalletization, there is the possibility that the outcome of each process will not always be the 

complete removal of the entire half pallets in favor of full pallets, but some products could still be 

left as half pallets at the end of the process. This type of data has not been possible to gather from the 

information of the company from the database but has been possible to observe during the visits at 

the factory. This condition has not been included in the numerical data due to the fact that there was 

not a systematic way to measure it. 

 

April 

18 

March 

18 

February 

18 

January 

18 

December 

17 

November 

17 

October 

17 Average 

IN 10 7 4 3 3 2 2 4 

OUT 16 16 20 22 14 12 18 17 

Difference -6 -9 -16 -19 -11 -10 -16 -13 

Table 14 Pallets produced, and pallets removed (average per month) 

6.2. Lean Analysis 

These processes in logistics do not create any additional value in the product for the customers, and 

therefore they are classified as a waste, leading to the necessity to thin as much as possible the 

resources (i.e. time, personnel, space, energy, etc.) used in these processes. 

The VSM shows that throughout the flow of material, there are three points of interests, where 

observations of wastes can be observed:  

1. Packaging station 

2. Repalletization station 

3. Finished goods warehouses 

Repalletization is a necessity, as the shipping of the pallets to the distribution centers happens by 

trucks, and for efficiency reasons only full pallets are transported (the more pieces are possible to 

load in a truck, the better). The reason that motivates the maximum possible number of products in 
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the trucks, applies inside the factory as well: maximum efficiency happens only if pallets are fully 

loaded. Full and partially filled pallets undergo the same processes in the same way, but in the 

partially filled one, there are fewer products, but the resources used are the same, resulting in wastes.  

The only station that is possible to identify as superfluous in the plant is the reassembly station. 

Although, the number of products loaded into the half pallet varies from order to order and cannot be 

predicted in a systematic way. Because the company has more than a single line working at the same 

time, completing many orders every day, repeating it over the months, it is possible to see that there 

will be several unfilled pallets that will require additional work before leaving the warehouse. 

Repalletization operation, unavoidable in the current situation, requires space and time, although, 

since they do not increase the value of the products for the customers, but increasing the costs for the 

manufacture, can be categorized as “mudas”, and points of interest and improvements under this 

perspective.  

Looking at the time evaluation, the analysis shows that the number of time for a product to move 

from the components warehouse to the final warehouse, in case it belongs to a filled load unit, is 43 

minutes. In case that the product ends up in a partially filled pallet instead, it requires 1 hour and 2 

minutes. It is clear to see that there is an impact of the reassembly station, but also the set-up time of 

the packaging line has been analyzed as highly fluctuating and, in many cases, high (according to the 

data it can vary from 4 to more than 20 minutes). Lead time reduction is one of the targets of the 

efficiency goal set in lean thinking, it is important to look at these two total times, and analyzing all 

the singular stations that compose it, looking at possibilities to thin this result. 

Looking at the way that the storages are currently used, in the final warehouse 71% of the entire 

ground floor is filled with different type of partially filled pallets in different quantities, while the 6 

remaining higher floors are half filled (52% on average). As the goal of lean is to remove inventories 

and warehouses, although it is hard to achieve in reality, in this case there is a high utilization of the 

warehouses, which is waste and therefore these numbers should be lowered. The number of pallets 

produced, and the ones removed per day vary in an unpredictable way. Even considering the decrease 

of out-sorted pieces with the increase of performance of the manufacture, it is hard to forecast that 

there will be a situation where there will be no product that will be out-sorted by the quality check. 

But considering that the goal of a company is to increase production and quality, consequently there 

will be the necessity to have more space in the warehouse, and lower the inventory level, by adjusting 

production. At the current state, the warehouse has its available space used for more than half the 



45 

 

 

number possible, with a very high utilization in the floor dedicated to half pallets. In the case that 

production is increased (or out-sorted pieces are reduced), more space will be necessary, and the only 

possibility, without considering changes in the plant, will be the expansion of the warehouse, with all 

its consequences. Considering the range of different products that are manufactured inside the 

company (468 in the components warehouse, 612 in finished goods warehouse), there can be at the 

same time, just for one single type of product a wide range of possible half pallets and products that 

can stay in the warehouse for a long period of time, until another pallet with the same characteristics 

is created and able to be used to repalletization. This has can lead to a relevant number of different 

products that stay in the warehouse without having the possibility to reach the customers, leading to 

long waiting time. 

About space utilization, it is relevant to discuss that there is the need to have an area dedicated to the 

reassembly next to the final warehouse. Due to the necessity of space required to perform the 

operations, it has been shown that there has been the situation where the pallets had to be moved in 

locations not dedicated to the operation, creating possible obstacles in the aisles and unnecessary 

movements of the pallets with forklifts.  

Looking at the analysis from the seven mudas, depending on the type of waste, it can be said that:  

• Unnecessary inventory: it can be identified in the finished goods warehouse, mainly in the 

floor dedicated to the half pallets (71% used) but at the same time also in the other areas where 

the usage is still above 50%. 

• Unnecessary transport and motion: the flow of the half pallets, in addition to the one in 

common with the full pallets, has to move to the reassembly station and eventually a wrapping 

station again, depending on its initial status. The transportation of each half pallet is not 

performed at its maximum potential, as more products could be moved, if loaded on the same 

pallet. 

• Inappropriate processing: the reassembly station can be seen as an additional station in the 

manufacture that could be avoided if the half pallets condition changes (i.e. removed). 

• Waiting: half pallets and the products loaded in it require additional time compared to the full 

pallets because of the reassembly, before being eligible for shipping.  

• Lost people potential: the operators in the reassembly station dedicates their time to a task 

which does not involve the human potential at its best. 

A summary of the lean analysis is presented in Table 15. 
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• Packaging & ordering • Set-up time fluctuation (4-20 minutes) 

• Random ordering 

• One half pallet per order produced 

• Repalletization • Station located in a part of a warehouse 

• High cycle time 

• Lost people potential 

• Warehouses • One floor entirely dedicated to partially 

filled pallets 

• Half pallets floor is full for ¾ of its potential 

• Overall inventory level above 50% 

Table 15 Lean considerations in CSM 

6.3. Sustainable analysis 

6.3.1. Social 

Looking at the outcome of the analysis, the main area of interests for an internal social discussion is 

about the station dedicated to reassembly and warehousing. The operators working to reassemble 

pallets have to perform additional tasks inside the warehouse, which are mostly dedicated to 

transportation and relocation of products and components from different isles by a forklift. According 

to the sustainability perception, the human force inside a factory has to perform operations that worth 

the skills of the person and looking at the types of tasks that are demanded with these operations, and 

reassembly is not making use of the potential of a person at its best. The persons dedicated to this 

stage could be employed in other, more important performance inside the factory, or also just reduce 

the number of tasks that they are required to perform. The interruption of the flow in the reassembly 

area, which has also been discussed as a void of efficiency in lean terms, can also be argued from a 

social perspective: it is in fact possible that due to the overlapping of different tasks, which require 

the attentions of the employee in the warehouse, the operators could get distracted and lose focus of 

the stages once they start and stop each of them, which could then create confusion, or stress due to 

the multitude of operations that require their attention. Another social issue that concern the working 

environment for the personnel dedicated to the reassembly station is related to the allocation of this 

area: the repalletization happens in a corner of the space dedicated to the warehouse, where the 

operators are “isolated” with respect to the other ones employed in the other areas of the plant. A 

consideration can also be made about the environment in which the personnel has to perform the 

reassembly: the isle had to be adapted by adding the adequate lightings and tools (and a remodel of 
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the area) to allocate the station. If compared to the rest of the plant, this area still performs as a 

warehouse and overall lighting conditions are dim compared to the rest of the plant, which could 

create some different perceptions in the workers dedicated to this area. 

Isolation • Workforce is employed in an area external 

to the main one, where operators do not have 

chances to share many interactions with the 

rest of the employee. 

• The environment must be adapted from the 

warehouse (lighting, tooling and space) but 

is still in the same overall conditions of the 

warehouse, which are different from the 

conditions in the rests of the plant (i.e. low 

lightings) 

Low skills requirement • This action is a basic action, not making full 

use of the human abilities. 

Additional Tasks • In addition to the task of reassembling, the 

personnel have additional operations to 

perform (transportation of materials, pallets, 

warehouse maintenance etc.). 

Table 16 Social considerations in CSM 

6.3.2. Environment 

The production of a half pallet has environmental consequences. Although this load unit is not 

completely full, if the height condition is satisfied, it continues its route until finished goods storage 

as if it was a full pallet, undergoing all the different stages and actions. Half and full pallets undergo 

the same process, in the same way throughout every station. Considering that the energetic amount 

of resources is the same, but the number of products in a half pallet is inferior compared to the full 

pallet, it is possible to see that the amount of energy used per product is different: in the half pallet, 

more energy per product will be used than for a full pallet. It can then be concluded that there is an 

energetic lack of efficiency as a consequence of the half pallets. The repalletization itself has energetic 

demands that are added to the overall usage of energy for the products in a half pallet. 

The argument of energy usage per product in half pallets, can be extended to a further point when this 

analysis is not limited to the point where the pallets reaches the finished goods storages as half pallets, 
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but if it is then considered the energy from this point on, the final value increases significantly: once 

it reaches the warehouse, energy is used during its stay in this area (heating, lightings etc.…), once 

its repalletization happens, energy is used to perform this action, and other maintenance energy will 

be used once the pallets is repositioned in the warehouse, until it leaves the storage for the shipping. 

In the end, the finished pallet, no matter if it was a full pallet from the beginning, or the full pallet 

happened at the end of a reworking operation, under any perspective (i.e. the company or the 

customers) these two load units are the same (same products, same conditions etc.), but looking at 

the energy used to manufacture one compared to the other, the results are different. 

• Wrapping 

Energy usage 

Half pallets require the same energetic resources 

as full pallets, although they contain a lower 

number of products 

• Repalletization 

Energy usage 

Material usage 

To perform repalletization resources are used 

inside the work area, as well as materials and 

tools, including forklifts. 

• Warehouses 

Energy usage 

Resources are used to maintain pallets 

independently of their status (half or full 

pallets). Half pallets use same quantity of 

resources for less products 

Table 17 Environmental consideration in CSM 

6.3.3. Economic 

What has been said in the paragraph above concerning energy usage issues, has a strong connection 

to costing. The same discussion can be made substituting the energetic unit with a cost unit, gives the 

same results. Inside the plant, a half pallet going through the flow, have higher costs per product 

compared to the cost of a product that is in a full pallet. Wrapping, transporting, warehousing and 

especially repalletization increases the overall costs. 

The inventory situation in the finished goods warehouse also indicates that in case that the company 

set as a goal an increase of production, of out-sorting is reduced, the warehouse might not be 

sufficiently big to allocate the increased number of pallets, which will lead to an eventual expansion 

of the storage, which requires investments and other logistic implications. 
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Flow of materials 

• Products in half pallets costs more to 

manufacture, but have same value of the ones 

in a full pallet 

Repalletization 
• Costs for maintenance of the area, personnel, 

tooling etc. 

Warehouses 

• Costs for maintenance of half pallets (heat, 

lightings, etc.) 

• Costs for the area dedicated to half pallets, 

which is not used for warehousing 

• High usage of finished goods warehouse does 

not allow to increase production 

Table 18 Economic consideration in CSM 
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7. Results 

7.1. Future state map 

With all the consideration observed (chapter 6), it is possible now to propose an alternative to the 

current state map, to observe if, by making changes according to lean and green theories, there are 

indeed synergies among the two.  

Having identified the uneven production of half pallets are a key factor in the logistic area of the 

company, which touches and spread through different stations and influencing different factors, the 

alternative will be centered at this issue.  

There will always be a discrepancy between the number of products coming into the packaging line 

and the products that successfully leave it (because of quality control), which means that at some 

point throughout the flow, there will always be “leftovers” of productions. To say it in another way, 

either at the beginning or at the end of the packaging station, some products will be in the half pallets; 

it can be as in the current state, or they can be stopped at the beginning of the station. 

The proposal would be the following: instead of having the half pallet as an outcome of the packaging 

station, with the pallets moving forwards towards its destination (finished goods warehouse), the 

feeding of products to the packaging line would stop as the operators dedicated to the station observe 

that the last pallet is completely loaded and that there are not enough pieces left to completely fill a 

new pallet. The products that have not been allowed to be processed by the line are sent back to a 

predetermined lot in the components warehouse, until a new order of the same type of product is 

submitted. the next time that an order for the same type of product is submitted, it will start by feeding 

into the packaging line the pallets the “leftovers” of the previous order. 

Looking at the flow of materials through each station from top to bottom, the changes that will apply 

will be the following: 

• Components warehouse: it will be the new location for the half pallets. It will now contain one 

pallet for each type of product and component required for the packaging and storing of the goods, 

which in numbers mean that there will be at maximum 468 half pallets in the storage (the number 

will vary depending on production demands), in addition to the ones with the ones fully loaded 

with finished products coming from previous stage of manufacture. The first pallet to be picked 

out of the warehouse, instead of being randomly chosen by the robot, will always be the 

“leftovers” one, which will have dedicated positions, allocated as close as possible to the 
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entrance/exit of the warehouse, to facilitate the pickup and transportation from the storage to the 

packaging line.  

• Packaging station: the operators will have the additional task of super visioning (with the aid of 

computers) the condition of the output and input of the products, to interrupt the order in the 

situation that a new pallet cannot be completely loaded. The robots dedicated to the transportation 

of products from the warehouse to the line (and converse) will require reprogramming to adapt 

the new condition of relocating the leftovers back into the storage as an additional task. The output 

of this station will only be completely loaded pallets, which will move to the next stations without 

requiring dedicated labelling due to the eventual half loaded condition.  

• Wrapping station: this process does not undergo any change from the way it works in the current 

state. 

• Repalletization: because now only full pallets are produced, this station will cease to exist, and 

its area will be dedicated for other tasks depending on the needs of the company. The workforce 

employed in this area will be relocated to other stations and tasks in the factory. 

• Finished goods warehouse: as no half pallets will be produced, the floor dedicated to the storage 

of half pallets can now be used for the storage of full pallets as the other floors. 

The Value Stream Map of the layout of the logistics area in the suggested future state is represented 

in Figure 7. 
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Figure 6 Future State Map of the logistics area 

7.1.1. Lean analysis 

From the lean standpoint, there are some clear changes that can be observed passing from the CSM 

to the FSM proposed. Looking at Figure 7, the flow of materials must go through fewer stations from 

the moment that it leaves the components warehouse finished goods one. 

Removing a station from the layout allows to have a more streamlined movement of the products 

inside the factory, with less possibilities of unexpected issues during the production and it allows to 
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have an easier way of obtaining an overview of the plant. The absence of half pallet will also avoid 

the crossroad that happened in the current state, where there was a minimum requirement of height 

for a half pallet that influenced the path that it has to take once it leaves the packaging station. 

Although, it gives the possibility to use the space previously dedicated to that station to be redesigned 

and used for a different purpose. 

Not having the reassembly station in the warehouse, will reduce the number of transportation inside 

the finished goods warehouse, since there will not be the need to have forklifts moving the pallets 

around the area, and the presence of products in the isle will not create obstacles anymore in the area. 

This makes the movements and transportations inside the warehouses easier and safer for the 

personnel. 

The changes made to the half pallet situation, which are not an output of the packaging line, but they 

are instead individual components pre-packaging, have a consequence on the inventory level of the 

two warehouses. In the components warehouse the changes will require the allocation of a dedicated 

part of the warehouse to the “leftovers” pallets, as close as possible to the entrance/exit of the storage, 

as it would make it easier for the automatic storage system to identify, pickup and move the pieces to 

the line. This change will have make the usage of the warehouse more efficient, as it will always be 

possible to give always a clear point to start a production order. It will also make the storage overall 

clearer and more structured to all the personnel interested in the managements and workforce. The 

possibility of having additional space in the finished goods warehouse due to the removal of the half 

pallets from this storage will allow to potentially increase the production and allocate the pallets in 

the new area. 

Another changes that interests warehouses and inventories is that in CSM, in the finished goods 

warehouse, there can be several half pallets of the same product waiting for the reassembly. By having 

only one half pallet per product, it means that there can be 612 half pallet. By moving the “leftover” 

pallets to the components storage, the maximum range of product possible to store (as it is the range 

of products for the company) is 468. These number changes depending on demand and production, 

but it can be seen how the FSM allows to reduce the maximum number of half pallets. 

The lead time of whole process will also undergo some changes because of the changes in the setup 

of the entire line. As no half pallets are produced, there is no need to have the time evaluation for this 

situation, while the full pallet lead time will still be different, as the way that orders are initially 

submitted will change. The setup time will change, as now different actions have to be performed by 
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the workforce employed in the packaging line; at the same time, the kind of tasks that are more 

structured and makes the process more streamlined, as it is clear what to do and where to put the 

“leftovers” resulting from one order, at the same time that the ones for the incoming order are fed 

into the line. 

7.1.2. Sustainability analysis 

7.1.2.1. Social 

The only changes that have been influenced in the social sphere concerns the personnel dedicated to 

the reassembly station. In the proposed solution, they are not anymore dedicated to that station, while 

they can now be employed to either focus on the other tasks, without having to perform reassembly, 

or they could also be employed in different areas, where their potential would be more valuable. The 

changes are expected to increase the satisfaction of the workforce, as they are now more socially 

involved with the rest of the personnel in the department. The risks and ergonomics concerns that 

arises in the reassembly station is not present anymore as well. 

7.1.2.2. Environment 

From an environmental perspective, it was described in the CSM how transportation, lightings and 

the overall maintenance of the half pallets in the warehouses require energy resources. But due to the 

change of the situation of the pallets, inside the warehouses, the energetic situation will change. The 

energetic requirements inside the warehouse (heating, lightings, etc.) will be used in a more efficient 

way. In the components warehouse, the presence of the half pallets will not create any change in the 

way that the energy is used in the storage, as the same number and type of products will be stored in 

the same conditions. In the finished goods warehouse, in a similar way, the energetic requirements 

will not change, but at the resources used in this department will now be used to maintain products 

with higher value. In the case that there will be more finished goods in the warehouse, this will also 

mean that a greater number of energy will be used to sustain products, instead of “air” as in the case 

of the half pallets. Same results will be seen in the wrapping station. 

As the reassembly station has been removed from the plant, all the energetic resources that have been 

previously used in the area (i.e. lights, power for tools, transportations etc.) are no longer required, 

reducing the overall energetic impact of the factory. 
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7.1.2.3. Economic 

All the costs that were connected in the CSM to the repalletization station are now removed, or the 

moved to other areas (i.e. forklifts and personnel are still in the factory but used for other purposes). 

The same argumentation that has been done for the energetic aspects is valid from the economic 

perspective: the costs invested to use the energy for the half pallets are not expended anymore, as the 

half pallets situation has changed. 

Inside the finished goods warehouse, there is now the possibility to use more space for the storage of 

full pallets, which allows to increase production that can allow to increase the revenue for the 

company. More space will also mean that the risks related to the expansion of a warehouse as a 

consequence to more production can be delayed. Having more space inside the finished goods 

warehouse, instead of the repalletization station, allows the management to plan of using that space 

in more a more valuable way. 
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8. Discussion 

8.1. Lean and sustainability in CSM 

The lean wastes identified after the application of VSM in the current state have mainly interested the 

warehouses conditions, the packaging and reassembly station. 

Each of the problems have been found by looking individually first according to lean factors and 

principles, and then the sustainability ones. As summarized in table 18, once a waste has been 

identified under the lean perspective, it has shown to carry different consequences in the sustainability 

areas. Lean has shown to be a valuable methodology for the identification of inefficiencies in 

logistics, providing a valuable tool as the VSM to map clearly and efficiently the flow of materials 

throughout the different stations. In the case of the reassembly station, it has been possible to see that 

the operation itself contains different types of lean wastes, but it is not able include and develop the 

discussion surrounding the social aspects of the personnel dedicated to the operation. On the other 

hand, it created the opportunity to explore more in details the reasons behind the necessity, or not, of 

such station. The same can be said as well for the environmental and economic aspects. The VSM 

has functioned as a starting point for the understanding of the flow of material beyond the pure lean 

theory. Even if the analysis of the VSM does not show the economic, environmental and social aspects 

in an immediate way inside the map, it still provided information that supported the analysis the 

current state of the plant from a sustainable perspective. 

The motivation surrounding the necessity and the current state of the reassembly station argued also 

around the topic of the 5s, which have also a sustainable side since it influences the ergonomics of 

the workforce dedicated to the station. 

Once the CSM has been mapped, it has been possible to evaluate the flow and its inefficiencies and 

possible improvements. The inclusion of factors, relevant to the department under study, which go 

beyond the pure lean theory has helped to broaden the discussion surrounding lean and sustainability, 

which would not be possible, or as immediate, in a traditional VSM. Starting the analysis from a lean 

perspective helped to find a starting point for the development of the FSM, adding to the lean 

motivations the sustainability ones, for each of the three areas interested.  The sustainability 

perspective has revealed itself to be a powerful argumentation and valuable structure to add 

information and points of interest and improvements that are not possible to see by using exclusively 

the lean theory. 
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8.2. Lean and sustainability in FSM 

As in the same way as for the CSM, in the proposed FSM the changes have touched both lean and 

sustainable factors. The changes proposed to the situation of the half pallets, from the packaging 

station further, dealt with lean wastes such as inventory, over processing, waiting, motion 

transportation and lost people potential. The same results that Verrier et al. (2016) observed are 

confirmed in this research. Working around the lean wastes in the design of the FSM, it is possible to 

see that what has been proposed by the researchers, has been confirmed valid also in the logistics 

department. The unnecessary use of resources (energy and materials) is a consequence of over 

processing (in repalletization) and inventory (finished goods warehouse). The changes proposed in 

the transition from CSM to FSM works in the direction of improving the lean wastes and will 

consequently improve the green aspects connected to them. 
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9. Conclusions 

It is possible to conclude that lean and sustainability are two important realities in the logistics 

department. Looking at the current state of a company beginning from the lean performance, there is 

an unavoidable link to the sustainability aspects. The converse is also valid. Having identified issues 

from a lean perspective, as it was possible to do in the CSM, have shown correlations with areas of 

interests which are covered by sustainability. In this case, with the metrics and the evaluation 

performed in the factory, a positive impact in one of the two methodologies resulted in improved 

performance for the other area as well. Without the inclusion of the sustainable perspective in the 

mapping of the flow, and the evaluation of the changes, the possibilities would be more limited, as 

the factors included in the discussion are limited. By integrating sustainability, more inefficiencies 

and opportunities can be analyzed, broadening the possible improvements. The “continuous 

improvement” (Kaizen), which is one of the fundamental principles of the lean theory, greatly 

benefits from the inclusion of the sustainability “triple bottom line”, allowing to work on 

improvements in more directions. 

In this research, lean methodologies have been used as the basic ones to evaluate a current state of a 

company, and by looking at the outcome of the VSM at the current state, lean as well as sustainability 

issues have been observed and changed. 

Other researchers have implemented many different numerical KPI for the evaluation of sustainability 

in a VSM (Brown et al., 2014; Faulkner and Badurdeen, 2014), which helped to deepen the utilization 

of such a powerful tool beyond the pure lean practices, but it came at the costs of cleanness and 

immediacy of the results. In this research has been observed how it is possible to work with lean and 

sustainability together without compromising the immediacy of visualization of a VSM. 
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10. Further research 

Due to limitations of time and resources, the number of factors that have been possible to collect in a 

numerical way in this research has been limited, compared to the possibilities that the theories of lean 

and sustainability offers. Although many of these areas have been possible to analyze thanks to the 

application of VSM and observation inside the factory, it is suggested for future research to dedicate 

more time to numerical evaluation of factors, in particular sustainable ones, that will help to produce 

further results around the synergy between lean and sustainability in the logistics department. 
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12. Appendix 

12.1. Set-up time (Information from the database of the company) 

Skift Stopptid

2 0:22:48

1 0:09:20

1 0:09:46

1 0:03:51

1 0:02:47

2 0:04:29

2 0:02:28

1 0:08:21

1 0:13:02

2 0:30:18

3 0:13:56

1 0:02:17

1 0:04:35

3 0:03:02

3 0:09:48

3 0:07:31

1 0:03:29

2 0:21:24

2 0:16:00

2 0:39:00

1 0:08:20

3 0:10:53

1 0:09:58

2 0:09:02

3 0:04:23

3 0:16:36

1 0:09:48

1 0:02:58

1 0:20:57

1 0:09:32

3 0:20:04

3 0:15:11

2 0:40:37

1 0:06:03

1 0:04:42

3 0:07:04

3 0:04:47

1 0:06:28

3 0:25:47

2 0:17:19

1 0:28:29

2 0:26:28  
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12.2. Out-sorting data ((Information from the database of the company) 

YearMonth Direct reworkRework Scrap Sum

Average 0,8% 5,0% 3,9% 8,8%

2017apr 0,8% 4,6% 3,8% 8,4%

2017maj 0,1% 4,7% 4,0% 8,7%

2017jun 3,4% 4,4% 3,8% 8,1%

2017jul 0,0% 3,7% 4,1% 7,8%

2017aug 0,3% 4,8% 4,1% 8,8%

2017sep 0,3% 5,5% 4,0% 9,5%

2017okt 0,1% 5,4% 3,9% 9,3%

2017nov 0,2% 5,8% 3,8% 9,6%

2017dec 2,2% 5,5% 4,0% 9,5%

2018jan 1,1% 5,6% 4,1% 9,7%

2018feb 0,5% 4,1% 3,4% 7,6%

2018mar 0,1% 4,5% 3,7% 8,2%  

12.3. Half Pallets produced in packaging and half pallets removed from the final storage 

Information given from the database of the company  

Pallets 
delivered 
into the 
storage 

Reduced number 
of half pallets due 
to repalletization Date 

7 7 2018-04-24 

20 22 2018-04-23 

14 11 2018-04-20 

11 13 2018-04-19 

10 23 2018-04-18 

18 38 2018-04-17 

21 29 2018-04-16 

1 1 2018-04-14 

4 14 2018-04-13 

15 33 2018-04-12 

14 31 2018-04-11 

11 20 2018-04-10 

9 11 2018-04-09 

0 1 2018-04-08 

10 6 2018-04-06 

5 0 2018-04-05 

10 18 2018-04-04 

7 22 2018-04-03 

2 0 2018-04-02 
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7 14 2018-03-30 

5 14 2018-03-29 

10 18 2018-03-28 

8 6 2018-03-27 

14 10 2018-03-26 

5 0 2018-03-23 

7 13 2018-03-22 

13 26 2018-03-21 

9 8 2018-03-20 

3 23 2018-03-19 

1 6 2018-03-16 

9 16 2018-03-15 

8 20 2018-03-14 

4 19 2018-03-13 

2 20 2018-03-12 

2 9 2018-03-09 

5 30 2018-03-08 

9 22 2018-03-07 

6 31 2018-03-06 

8 36 2018-03-05 

3 0 2018-03-02 

6 4 2018-03-01 

1 26 2018-02-28 

4 25 2018-02-27 

8 29 2018-02-26 

0 12 2018-02-25 

3 16 2018-02-23 

3 22 2018-02-22 

4 25 2018-02-21 

11 37 2018-02-20 

1 12 2018-02-19 

3 36 2018-02-17 

2 1 2018-02-16 

1 22 2018-02-15 

3 20 2018-02-14 

3 13 2018-02-13 

4 20 2018-02-12 

4 33 2018-02-10 

1 25 2018-02-09 

3 17 2018-02-08 

0 13 2018-02-07 

2 8 2018-02-06 

4 12 2018-02-05 

3 33 2018-02-03 

0 6 2018-02-02 

6 15 2018-02-01 
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10 23 2018-01-31 

4 18 2018-01-30 

4 8 2018-01-29 

3 5 2018-01-26 

3 9 2018-01-25 

3 11 2018-01-24 

4 19 2018-01-23 

5 51 2018-01-22 

2 28 2018-01-20 

1 20 2018-01-19 

4 26 2018-01-18 

2 34 2018-01-17 

3 19 2018-01-16 

0 54 2018-01-15 

0 20 2018-01-14 

1 35 2018-01-13 

0 26 2018-01-12 

3 4 2018-01-11 

1 55 2018-01-10 

2 42 2018-01-09 

2 18 2018-01-08 

0 1 2018-01-05 

2 11 2018-01-04 

0 10 2018-01-03 

0 3 2018-01-02 

0 22 2017-12-28 

0 51 2017-12-27 

1 10 2017-12-22 

4 26 2017-12-21 

0 10 2017-12-20 

1 0 2017-12-19 

2 4 2017-12-18 

1 26 2017-12-16 

2 10 2017-12-15 

0 15 2017-12-14 

1 32 2017-12-13 

4 12 2017-12-12 

4 33 2017-12-11 

2 2 2017-12-10 

1 1 2017-12-09 

4 3 2017-12-08 

7 11 2017-12-07 

3 2 2017-12-06 

4 5 2017-12-05 

2 10 2017-12-04 

0 21 2017-12-02 



73 

 

 

2 2 2017-12-01 

10 12 2017-11-30 

0 20 2017-11-29 

1 15 2017-11-28 

4 40 2017-11-27 

1 24 2017-11-26 

3 0 2017-11-24 

0 8 2017-11-23 

2 14 2017-11-22 

4 19 2017-11-21 

3 5 2017-11-20 

1 0 2017-11-17 

3 7 2017-11-16 

1 3 2017-11-15 

2 23 2017-11-14 

2 20 2017-11-13 

0 1 2017-11-12 

2 5 2017-11-11 

3 0 2017-11-10 

2 5 2017-11-09 

1 13 2017-11-08 

0 16 2017-11-07 

2 18 2017-11-06 

0 13 2017-11-04 

1 4 2017-11-03 

1 9 2017-11-02 

1 7 2017-11-01 

1 4 2017-10-31 

3 3 2017-10-30 

2 18 2017-10-27 

1 4 2017-10-26 

2 15 2017-10-25 

3 30 2017-10-24 

6 45 2017-10-23 

1 20 2017-10-22 

1 5 2017-10-21 

0 14 2017-10-20 

2 26 2017-10-19 

0 16 2017-10-18 

0 34 2017-10-17 

1 5 2017-10-16 

1 28 2017-10-14 

1 10 2017-10-13 

0 21 2017-10-12 

0 11 2017-10-11 

1 26 2017-10-10 
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1 19 2017-10-09 

0 13 2017-10-08 

0 21 2017-10-07 

1 11 2017-10-06 

1 21 2017-10-05 

0 22 2017-10-04 

0 23 2017-10-03 

0 21 2017-10-02 
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12.4. Half pallets in finished goods warehouse 

Information from the database of the company 

Date Amount

12-feb 582

08-feb 617

05-feb 597

31-gen 605

26-gen 589

22-gen 565

19-gen 602

16-gen 610

15-gen 617

12-gen 685

11-gen 668

10-gen 675

09-gen 694

08-gen 676

04-gen 655

03-gen 636

19-dic 664

18-dic 647

13-dic 652

11-dic 638

07-dic 600

04-dic 554

27-nov 530

20-nov 498

13-nov 491

06-nov 451

01-nov 433

23-ott 395

16-ott 451

10-ott 443

03-ott 472  


