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Abstract: The main purpose of this paper is to show that if three specific contextual factors are present
in a company, it is possible to achieve great performance improvements with a lean and industry 4.0
implementation. In terms of research methods, a case study was carried out of a project to implement
digitalization and Lean practices in a cutlery company, which in fact encompassed a project of master’s
degree in engineering and industrial management. Thus, the research question is: “It is possible to
achieve major improvements in a lean and industry 4.0 implementation if three specific contextual
factors are present in the company, namely (i) commitment of top management, (ii) knowledge on
digitalization and lean, and (iii) very low Value-Added Ratio?”. Regarding the company project,
action-research was adopted, and the project team began by mapping and diagnosing the production
processes of the two product families (knives and spoons/forks). High levels of work in process,
long throughput times, poor flow planning and control, and high stocks of finished products, quickly
stood out in both families. Improvement proposals were developed and implemented, namely:
(i) creation of a production scheduling and control system, (ii) improvement of the warehouse stock
management system, and (iii) adoption of new routines, management tools, visual management, and
kaizen meetings. The results achieved were excellent (e.g., throughput time reduced by 27.6% and
productivity increased by 36.5%) and aligned with Sustainable Development Goals SDG 9 and 12.
The findings of this study corroborate that exceptional results in the company performance can be
achieved through a lean and industry 4.0 intervention, if the three referred contextual factors occur.

Keywords: sustainability; lean thinking; industry 4.0; continuous improvement

1. Introduction

Production flow is a key issue in the Toyota Production System [1], included in the
Just-In-Time pillar, as well as it is in the most common excellence models such as Lean
Thinking [2], Shingo Model [3], and Toyota Way [4]. Keeping the materials flowing through
the processes in a continuous way without stagnation is the most important achievement
on the physical side of the production organization and management. Improving flow is
achieved by reducing, in a controlled way, the amount of Work In Process (WIP) between
processes without losing machine utilization. However, keeping WIP at low levels without
losing good machine utilization is not always a simple task as the Kingman formula
shows [5]. In complex production environments with a wide variety of products, batches
of different sizes, and diverse and alternative routes, it is quite difficult to maintain good
performance, both in resource utilization and in WIP or processing time. As these indicators
conflict with each other, in order to have a positive evolution, a good balance is needed
between the techniques and tools used to keep WIP under control and the contribution
of people in the different areas of production (with the right decisions and the right
adaptability). In addition to these aspects directly related to the continuous and pulled
flow of materials, other principles of excellence need to be implemented for success to be
sustainable in the long term. Examples of these principles are, among others, continuous
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improvement, standardization of tasks, visual management, teamwork, and adapting a
leadership style.

The study presented in this paper took place in a cutlery company with 56 employees,
in the north of Portugal, which will be referred to from now on as the CR Company, with
the aim of showing that the presence of three specific contextual factors (commitment of top
management, knowledge on digitalization and lean, and very low added-value ratio) facilitates
the achievement of exceptional results in terms of production system’s performance.

As there was a slight reduction in demand and difficulties on the production unit
during the COVID-19 pandemic, the managers decided to apply the Lean philosophy as
best as possible to improve the company’s long-term sustainability. They had been aware
for some time of permanent problems in the flow of materials, enormous difficulties in
meeting delivery deadlines, and of some chaos on the shopfloor. For all these reasons, and
to meet the proposed challenge, the managers decided to involve a final year master’s
student in industrial engineering and management, to develop his dissertation in the
company, and to request the help of an external Lean consultant.

The defined objectives for the CR company project were quite challenging as they
included the reduction of WIP and throughput time by 50%, improvement of the average
productivity by 20%, improvement of the Value-Added Ratio (VAR), and a 30% reduction
of stock in the finished product warehouse. Moreover, in this particular case, efforts will
be made to continue to introduce improvements over time and for this reason it was
determined to reassess the effect of the project one year after its completion. The research
question in this study is: “It is possible to achieve great improvements in a lean and industry
4.0 implementation if three specific contextual factors are present in the company, namely
(i) commitment of top management, (ii) knowledge on digitalization and lean, and (iii) very
low Value-Added Ratio?”.

Previous works have shown positive relations between the implementation of Industry
4.0 principles with green, lean and resilience in industrial companies [6,7], which reinforces
the importance of the main guidelines, decided by the managers, to be followed in this
project: (i) use as much as possible the principles presented in the excellence models,
(ii) create continuous improvement practices and culture, (iii) pursue social, economic,
and environment sustainability, (iv) apply digitalization and connectivity, and (v) apply
standardization and visual management. Thus, it is expected that these principles will help
resiliently sustain the operational and green improvements in the company.

2. Theoretical Background

The world economy depends heavily on small and medium-sized enterprises [8].
However, these companies, when compared with larger ones, face more challenges related
to key resource constraints, low productivity, and great environmental impact. These
business characteristics, the current market conditions and the growing pressure on the
organizations to improve their environmental and social performance, force them to pursue
strategies to be more competitive and sustainable [9]. Moreover, in 2015, the 2030 Agenda
for Sustainable Development, which is centered on the 17 Sustainable Development Goals
(SDG), was endorsed by all UN Member States, shaping a framework for development
that focuses on eradicating poverty and deprivations, improving health and education
and spur economic growth while tackling the degradation of environmental resources for
all [10]. Within this framework, several goals are focused on production improvement,
including SDG 9, which seeks to promote sustainable industrialization, innovation, and
infrastructure. This goal is crucial for advancing technological progress and promoting
sustainable production processes, which can help reduce the negative impacts of industrial-
ization on the environment. Another relevant goal is SDG 12, which focuses on responsible
consumption and production [11], aiming to reduce waste, increase resource efficiency,
and promote sustainable practices in production and consumption. Achieving these two
goals is crucial for improving production processes, reducing environmental impact, and
creating more sustainable supply chains [8,9].
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Following the economic instability felt at the end of World War II in Japan, the auto-
mobile industry has changed its fundamental ideas about production organization and
production management. Just as mass production dissipated craft manufacturing, a new
production system emerged in the automotive industry—the Toyota Production System
(TPS) -, breaking the prevailing paradigm at the time [12]. The TPS concept was developed
by Toyota Motor Company, in an environment where resources were limited, in such
manner that its main goal was to achieve a reduction of production costs through the elimi-
nation of waste (Muda). Waste in this context is described by Ohno [1] as all actions that,
from the perspective of the final customer, do not add value to the product. He categorized
these activities into seven categories: overproduction, transportation, waiting, inventory,
over-processing, motion, and defects. Later, in 2004, Jeffrey Liker entitled an eighth waste,
which describes the lack of utilization of employees’ creativity in continuous improvement,
considering the loss associated with not taking advantage of ideas, or growth opportunities,
due to the lack of employee engagement [4].

The term “Lean Production” was introduced by MIT researchers [13] to depict the
adoption of TPS by occidental companies. Thus, a Lean Production system is a system that
strives for perfection, constantly focusing on reducing costs, achieving zero defects and
zero inventory, while producing a wide variety of products [12].

Throughout the years, the Lean Production paradigm, which was characterized by
producing more, with more quality using fewer resources, and less time and waste, evolved
to Lean Thinking which is founded on five guiding concepts that serve as the cornerstone
of every Lean initiative [2]: (i) define value from the perspective of the client; (ii) iden-
tifying the value stream; (iii) creating a continuous flow; (iv) applying pull production;
and (v) chasing perfection (continuous improvement). Furthermore, the management of
materials and information flow, takes a crucial role not only in Lean philosophy, but also
in other excellence models such as Toyota Way [4,12] and Shingo Model [14–16]. To better
explain the creation of flow in manufacturing companies, an analogy is often made to a
river flowing with or without rocks. Obviously, the river flows more smoothly if it has no
rocks; in the context of manufacturing, the river can be compared to the production process
and the rocks to the bad data, poor training and communication, and lack of standards
and metrics. If a continuous flow can be achieved, the throughput times, WIP, and wastes
will be reduced. The Value Stream Mapping (VSM) tool has proven to be very efficient in
portraying these flows of information and materials, as well as in identifying opportunities
for improvement [17]. Moreover, tools such as Waste Identification Diagram (WID) can
also be used with the same purpose [16,17]. Both VSM and WID pay great attention on
WIP because the higher it is, the lower the flow of materials along the processes, which is
one of the most important principles of Lean thinking and other models of excellence. The
main objective is to reduce WIP because this reduction has a positive impact on throughput
times, quick response to the market, better use of space and higher productivity.

Continuous improvement, or pursuing of excellence as it is called in Lean Thinking
(the fifth principle), is a core principle in the main excellence models. The role of this
principle is that even if a company performs well, is competitive, and dominates the market,
nothing lasts forever, and so it must anticipate the future, adopting strategic measures
following the philosophy that everything can be continuously improved, whether they are
processes, products, or services [2]. All staff members must be engaged in CI on a variety
of levels for it to be effective. Direct collaborators are the ones who are best able to identify
the difficulties and problems that arise in the course of their work, and their teamwork and
involvement are crucial in order for them to start making improvements to the organization
as a whole [18,19]. Along with this, the management of the business must support all
attempts for improvement and change and must guarantee that employees are respected
from the start [4,20–22]. The creation of a continuous improvement system [23,24] with
visual management, teams, and daily meetings with a standardized schedule are some of
the methods considered effective for increasing employee involvement [25]. Although there
is no consensus on the best practices for getting employee engagement and involvement,
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continuous improvement is a duty to all employees. Furthermore, the establishment
and monitoring of Key Performance Indicators (KPI) is essential to effectively measure
the progress of continuous improvement and Lean implementations; in fact, without a
standard one cannot know whether improvement has occurred or not [24–31].

Recently, the dissemination of Information Technologies and the transition toward the
adoption of Industry 4.0 technology has pushed companies to move forward digitaliza-
tion [32]. Case studies, particularly those from large enterprises, have shown that several
businesses are utilizing digital technology to take advantage of their surroundings and
process a higher amount of knowledge that has been gained and/or created internally [33].
Researchers have also demonstrated that digitalization affects companies’ capacity to search
information, absorb knowledge and make decisions.

Tablets and other digital devices can be used to monitor and manage the flow of
materials in a manufacturing system, providing operators with real-time information on
the status of production, which enables them to make the most appropriate decisions at any
given time and improve company performance [34]. They can also be used in an Industry
4.0 manufacturing system to connect equipment and systems, enabling information sharing
and communication between them. As problems may be rapidly discovered and fixed, this
can increase efficiency and reduce downtime. Additionally, tablets can be used to access
data from sensors and other monitoring tools, giving users insights into the functionality
of their equipment and facilitating predictive maintenance.

Digital Lean is a relatively new concept, which combines the principles of Lean
Manufacturing with Digital Technologies [34,35] to help companies achieve higher levels
of productivity, quality, and flexibility, i.e., higher levels of operational excellence [31,32].
Lean and Green 4.0 is an approach that combines the principles of Lean Manufacturing
and Green sustainability practices in the context of Industry 4.0 [36].

Industry 4.0, Digital Lean, Lean and Green 4.0 and sustainability are closely linked,
as they all focus on reducing waste, increasing efficiency, and minimizing environmental
impact. The integration of digital technologies with Lean principles can help companies
reduce their carbon footprint by optimizing processes, reducing energy consumption, and
improving resource utilization. Additionally, Digital Lean and Lean and Green can help
companies meet sustainability goals by improving the quality and durability of products,
reducing the use of harmful materials, and optimizing supply chains to reduce transporta-
tion and storage costs. Overall, the adoption of these approaches can help companies
achieve operational excellence while minimizing their impact on the environment, making
it an essential component of sustainable business practices [33–35]. Several scientific studies
have investigated their benefits [7,33–41]. For example, a study published in the Journal
of Cleaner Production found that the implementation of Lean and Green practices in a
manufacturing company resulted in a reduction in energy consumption, waste production,
and greenhouse gas emissions, while also improving product quality and customer satis-
faction [39]. Another study published in the International Journal of Production Planning
& Control found that incorporating Green principles into Lean production processes can
lead to cost savings, increased productivity, and improved environmental performance [41].
These findings suggest that Lean and Green 4.0 is a promising approach for achieving
sustainable manufacturing practices while also improving operational efficiency. Despite all
this, for success to be achieved some critical success factors must be ensured. The creator of
the Kaizen model, Masaaki Imai, often mentions in his lectures that the three critical factors
for kaizen (Lean) transformation are: “Top management determination”, “Top management
determination”, and “Top management determination” [42]. A very similar success factor
“Dedicated management and employees” appears as the most relevant one by Mrigendra
Mishra [43], regarding the implementation of Green and Lean six sigma. From the same
publication, another of the top five success factor that should be mentioned is “Facilitate
resources and skills for implementation”. A literature review [44] also concluded that the
“Management involvement and commitment” is the most important factor for the success
of Lean Six Sigma implementation. The other factor related to skills also appears in the list
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as “Understanding tools and techniques” as medium-priority critical factor. The factor “Top
management support and commitment” does not always appear on the top position [45].
In the same publication the factor “Skill and expertise” appears on the 12th position.

From the perspective of barriers that prevent lean implementation success, lack of
leadership and top management commitment, lack of systemic understanding of lean, lack
of lean expertise and training were found to be the most critical causal barriers [46].

Lean philosophy and digitalization are expected to have a positive impact on produc-
tivity, but in the context of this study, it is important to note that company productivity has
a direct impact on environmental, social and economic sustainability. When a company
is productive, it is able to produce more goods and services with fewer resources, thus
reducing the consumption of raw materials, energy, and water, as well as the generation
of residues and pollutant emissions [47]. In addition, productivity can also lead to cost
savings, increasing the firm’s competitiveness and profitability, which in turn can contribute
to economic sustainability [48]. However, it is important to note that productivity should
not be achieved at any cost, especially if it means sacrificing environmental and social
sustainability [49]. Companies must seek a balance between productivity and sustainability,
considering the complex interactions between economic, social, and environmental aspects.
In this regard, implementing sustainable practices, such as reducing waste, using renew-
able energy sources, and managing the supply chain responsibly, can lead to increased
productivity and efficiency while contributing to sustainability [50].

3. Method

In terms of research methods, the work presented in this article is a case study devel-
oped at the CR Company. However, all this work had its origin in a project proposed by
the CR Company, to improve the performance of its production system, and which was de-
veloped by a final year student of the master’s in industrial engineering and management.
Considering this purpose, the research-action method was adopted for the project in the
CR company, as it should tackle real organizational problems, involving the organization
stakeholders [51] with the researchers, aiming to solve identified problems, and improve
organizational performance [52]. For this paper, the case study methodology was adopted,
precisely about the referred improvement project. It is interesting to mention that, according
to Coghlan & Brannick [53], although action research can be seen as a live case study, it
can also take the form of a traditional case study reported retrospectively. A project team
was set up by the CR Company that included the student, an external lean consultant,
and a senior manager from the company (production manager). The project lasted six
months and took place in the year 2020. The university’s institutional master protocol was
established with the CR Company, defining rules, rights, and duties for both parties. The
information collection was carried out in the shopfloor as well as in the company’s existing
documentation and was processed and analyzed with common tools (spreadsheet).

The phases of the research were inspired in a very popular model presented by Mike
Rother [17,54], commonly used in Lean environments. The phases are then as follows:

• Grasp the current condition—in this first step, the researcher, the consultant and other
team members had to know the products, the production process of each product
family, the flow of materials, the layout, etc. Several analysis and diagnostic tools
can be used, such as flowcharts and Value Stream Maps (VSM) to describe the global
flow of the products through the production steps. The current performance will be
assessed using the following key performance indicators:

# Stock of finished goods and WIP;
# Throughput Time (WIP/daily demand);
# Value-Added Ratio (Total processing time/Throughput time);
# Productivity (production/man.hours).

• Establish a target condition—the target condition can be translated into the following
performance improvements:
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# A 50% WIP reduction;
# A 30% reduction in finished goods inventories;
# A 50% reduction in throughput time;
# A 50% increase in the Added Value Ratio;
# A 20% increase in productivity;
# Implement continuous improvement routines, entities, and artefacts.

• Identify improvement opportunities in the target condition direction, define improve-
ment actions and implement them—The concepts, rules, and techniques associated
with excellence models like the Toyota Way, Lean Thinking, and Shingo Model will be
used to construct the improvement actions;

• Check the results at the end of the project—compare the initial performance indicators
to target conditions. Based on that, the researchers and the company representatives
will draw some conclusion and decide upon next steps;

• Check the results one year after the end of the project.

4. Results
4.1. Grasp Current Condition or Initial State

All products that are produced in the production unit in question belong to two
families, the family of knives and the family of spoons/forks. The family of spoons/forks
include dinner spoons and forks as well as coffee spoons. These products use the same raw
material and follow the same production process, depicted on the left side of Figure 1. The
family of knives includes dinner and dessert knives because they share the same production
process route as depicted on the right side of the same Figure 1.
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Figure 1. Production process of spoons/forks (left side) and knives (right side).

To include in the same visual representation more information than just the process
route of each family, the team for this project resorted to VSM. This type of representation
is richer in information and serves as a platform to communicate, discuss and identify
problems and opportunities for improvement. One of the aspects that most clearly stands
out in a VSM is the issue of fluidity or lack thereof, represented with WIP and throughput
times, which are key aspects in this project.

Two VSM were created to represent the reality of the production flow, one for the
family spoons/forks (Figure 2) and other to the family knifes. For the sake of clarity and
dimension of this article the latter is not presented here. One of the main problems that can
be easily noticed in the VSM (Figure 2) is the large amount of WIP and consequent long
throughput time. This problem is identified in the VSM with the yellow tags nr. 1 (Figure 2).
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Data was collected during 2 days of production stoppage to establish the current condi-
tion or initial state of the WIP quantities along the various steps of the production processes.
WIP values were obtained by observation, in the shopfloor, carried out by the researcher
with the help of team leaders. With the WIP values (537,045 units of the spoons/forks
family, and 130,370 units of the knives family) it was possible to estimate throughput time
for each family, since the demand was known for each family (31,000 spoons and forks
and 10,500 knifes per day). Resorting to an adaptation of the Little’s Law [55], expressed
in Equation (1), for the family of spoons and forks, a throughput time of 17.3 days was
projected, and for the family of knives, a throughput time of 12.4 days.

Throughtput Time =
WIP

Daily Demand
(1)

These values for the throughput times do not include the waiting time of the raw materials
in the warehouse nor the waiting time of the final products in the respective warehouse. These
long throughput times were forcing slow response to market and poor service.

To measure and establish the reference of the quality of the flow for the materials in the
shopfloor, the team decided to use the Value-Added Ratio (VAR) as an adequate indicator,
expressed by Equation (2).

Value Added Ratio (VAR) =
Total Processing Time

Throughput Time
× 100 (2)

Considering the total processing time of 23.72 s required to produce a spoon or a fork
(Figure 2), the VAR for this product family was of 0.0025% (Assuming 920 min of work per
day; two shifts of 8 h with 20 min of breaks). For the knives family the VAR was of 0.0054%
(the throughput time is 12.4 days). These values are extremely small, compared with the
reference value of 5% for world class manufacturing companies [56,57]. These low values
for VAR show clearly a problem related to the lack of flow. The products in the production
process spend more than 99.9% of time just waiting in different queues.
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If the stock of finished products is also considered for the throughput time calculation,
the results are even more worrying (see Table 1). The amount of finished goods in stock
is also extremely high, being considered a problem to be addressed in this study. This
problem is identified as an improvement opportunity represented by the yellow tag nr. 2 in
the VSM of Figure 2.

Table 1. Total Throughput Times for spoons/forks, and knives.

Products WIP Stock of
Finished Products

Dailly
Demand

Total Throughput
Time (Days)

Spoons/forks 537,045 1,447,041 31,000 64
Knives 130,370 576,600 10,500 67.3

Raw materials stock is also a problem, indicated by the yellow tag nr. 3 in the VSM
of Figure 2. Raw materials are typically ordered for 3-month periods. Another identified
problem is related to production planning and scheduling procedures and practices (yellow
tag nr. 4 in Figure 2). Local decisions are daily taken for different reasons such as to
accommodate local optimizations, capacity variations, or urgent orders, resulting in poor
performance and waste, e.g., some production orders are produced too late while others
are produced too early. Furthermore, there are many communication problems between
the production planning and control system and local supervisors.

Table 2 summarizes the main identified problems in the value stream, the associated
yellow balloon number in the VSM, the negative impact in the production performance as
well as the type of waste associated with each one of them.

Table 2. Problems identified through the value stream.

Problem Tag Nr. Consequence Waste

High WIP 1

Occupied area on the shop floor;
Shop floor chaos;

Lengthy throughput times of 17.3 and
12.4 days (for knives, forks, and spoons).

Overproduction
Inventory
Waiting

High levels of Finished Product Stock 2

Occupied area on the finished
products warehouse;

Dead capital investment: 2,023,641
product units in a warehouse.

Inventory
Overproduction

Motion

High levels of raw material stock 3
Occupied area of the raw

materials warehouse;
Chaos on the warehouse

Inventory
Transportation

Defects

Inefficiency and lack of information
in production planning 4

Wrong production decisions and poor
delivery service;

Loss of time looking for data on
production scheduling and routing

Waiting
Overproduction

Defects

Long setup times 5
Time spent on non value added activities;

High WIP;
Low productivity

Overproduction
Waiting

Excessive motion and transports Not in VSM Low productivity Motion
Transportation

Low Productivity Not in VSM Workers spend much of their time
dealing with nonvalue adding activities

Motion
Transportation

Defects
Waiting

Overprocessing
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4.1.1. High Work-In-Process

The first problem or improvement opportunity indicated by the yellow tag nr. 1 in the
VSM in Figure 2, is related to high WIP levels throughout the production process, especially
between the polishing and washing processes for spoons and forks (this WIP is responsible
for 8.35 days in the total throughput time). The necessity of washing particular models in
a machine that is only operational on certain days of the week is the primary contributor
to this accumulation. High WIP values also exist in other locations, although to a lesser
extent, due to other causes. Inefficient planning, lack of WIP limitation mechanism and
inefficient production monitoring and control were identified as root causes of general
high WIP. Apart from the classic problems related to high WIP (e.g., space occupation, long
throughput times, excessive handling, time wasted in searching for material, and waste
with motion and transportation), in this case there was another worrying reality: some
production orders would end up being forgotten forever in the middle of so much stock.
This forgotten WIP was identified when checking the condition of each of the batches
parked in all sections of the plant.

An estimate of the average value of the products in WIP is presented in Table 3. As
can be seen, around €400 k are permanently tied up in the form of materials waiting. This
amount of money cannot be used for anything else and so there is a loss of opportunity
due to this mismanagement of material flows. The throughput time resulting from high
WIP represents another very negative effect on the business. Long throughput times lead
to difficulties in meeting deadlines, i.e., a worse response to the market.

Table 3. Value assessment for WIP.

Product
Category

Average Unfinished
Part Cost (€) WIP (Units) WIP (€)

Spoons/forks 0.55 € 537,045 295,374.75 €
Knives 0.80 € 130,370 104,296 €
Total 399,670.75 €

The current value of the throughput time is perceived to be very high because the VAR
is very small, as argued in Section 4.1, making this a problem that needs to be addressed.

4.1.2. High Stock of Finished Products

The strategy of the company in its response to the market mainly involves Make To
Stock (MTS), but also includes Make To Order (MTO). The advantage of MTS lies in being
able to respond immediately to customers directly from stock, for some products. The MTO
allows to satisfy the market for specific orders for which there are not enough quantities in
stock. It turns out that in the CR company, production orders for restocking were defined
intuitively and very often according to the conditions at the time of the decision. The
existing errors in the information about the stock levels of the various products, as well as
the delays in the update of the stocks, also contributed to the enormous inefficiency of the
management of the finished product stocks, resulting in exaggerated stock levels for some
products (yellow tag nr. 2 in Figure 2).

The stock holding cost associated with over 1.2 M€ in finished products and the large
area occupied are sufficient motivation to welcome a reduction in stock quantities.

4.1.3. High Stock of Raw Materials

The third problem, indicated by the yellow tag nr. 3 in the VSM (Figure 2), resulting
from observation and through conversations with managers and employees, is the high
stock of raw material existing in CR company. One of the main causes of this problem is
the fact that, in the case of cutlery (spoons/forks), there are many different sheet metal coil
references to meet the different specifications of the finished product and the way the press
cutter is designed. For each product, a new press cutter must be designed, and the result is



Sustainability 2023, 15, 8302 10 of 20

the need of a sheet metal coil with a specific width. As can be seen in Figure 3, the different
cutter specifications for sheet metal coil results in the need to purchase many different coils
with various widths.
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In February 2021 there were 100 different references of sheet metal coils, requiring a
significant amount of storage space and high stock holding costs. This warehouse had to
be recently expanded, exactly because of the growing number of different sheet metal coils
that need to be stored.

4.1.4. Ineffective Production Planning and Control

The person responsible for Production Planning and Control (PPC) decides daily what
is produced, and in what quantities and sequence. However, there are often miscommuni-
cations between him and the local supervisors and managers, which leads to ineffective
production sequences and poor performance. In addition to this problem, the fact that
the production manager does not use the computer system to help in planning, makes it
impossible for him to give answers regarding delivery dates or even processing times. An
auxiliary excel sheet is used to determine in which machine the cutting will be performed
for each production order, and from there, the local manager decides production sequences
with local optimization logic. So, in reality, the decision upon with order will be executed is
taken just when a machine becomes available (yellow tag nr. 4 in Figure 2). This practice
has led to large WIP and long delays in production orders.

4.1.5. Long Setup Times

The fifth and last yellow tag in the VSM identifies the long setup time of some machines
and the effects of that in WIP and overall performance. At CR Company, most machines
require several tuning changes from one product reference to another. Furthermore, few
operators can perform the setup of a machine without the help of the local supervisor or
another more experienced operator. Since the planning is inefficient, the operator often
does not know which product to produce next and the setup takes long time because there
is no prior preparation of the necessary tools for that specific setup.

4.1.6. Excessive Motion and Transports

The cutlery produced in CR Company, starts production in pavilion 4 or 5, and always
ends in pavilion 1. Both products and operators are obliged to travel long distances to
transport the parts between machines that can be located in different pavilions. However,
a problem identified during the project, related to movements, was the fact that most
stamped parts (spoons and forks) must be transported from pavilion 5, where they are
produced, to pavilion 3 to be delivered to a subcontractor. On average, the supervisor for
the cutlery section (pavilion 5) must travel twice a day between those two pavilions, to
transport the stamped parts destined for the subcontractor. This transport was observed
3 times, and it takes an average of 15 min, representing thus a total expenditure of 45 min
per day.



Sustainability 2023, 15, 8302 11 of 20

4.1.7. Poor Productivity

The researcher was able to determine from field observation and performance indicator
monitoring that the organization was having trouble delivering on time, which was a sign
of both high levels of WIP and low productivity. Together with the process’s high amount
of WIP, other factors that have an impact on this key performance indicator (KPI) include
long setup times (Section 4.1.5), excessive motion, transports, waiting, and defects. Another
issue is poor communication between the production manager and the section managers,
which causes delays in the execution of production orders (POs) and even the production
of goods that don’t match the specifications. Forgotten POs are also to blame for the
“forgotten” WIP that is present on the factory floor and in the warehouse where finished
goods are stored. Other factors that were influencing the performance of setup tasks were
poor planning and a lack of communication. In this regard, the operators frequently did
not know what product or model they would produce next, so the setup tools were not
prepared in before. In order for the operators to know what product the team should use,
they must speak with the section manager. The lack of location information and the fact
that the tools were not stated in the POs hampered the process further because it required
the operator to hunt for someone who knew where the tools were kept or simply knew
which tool to use. Table 4 displays the daily setup time based on the typical reference
values used by the company.

Table 4. Average (Avg) daily time spent doing setup tasks.

Avg Daily Amount
of Setups Avg Setup Time (min) Avg Daily Time Spent

on Setup Tasks (min)

Operation Spoons/Forks Knives Spoons/Forks Knives Spoons/Forks Knives

Cut 7 1 60 10 420 10
Rolling 1 2 30 25 30 50
Deburring 1 2 25 35 25 70
Stamping 7 2 20 30 140 60
Sanding - 3 - 5 - 15
Knurling - 2 - 15 - 30
Burnishing 3 2 80 45 240 90
Polishing 9 7 60 60 540 420

It is clear that a lot of time that could be used to produce products is used in setups.
The most serious case is the polishing operation, where 9 h per day (in two shifts) are spent
on setups for the spoons/forks family and 7 h for the knives family. Additionally, the project
team measured the productivity for one month. The company produced 585,347 units in
that month requiring 45 workers with an average of 288 h per worker. Thus, the average
productivity was 45.17 units/man.hour.

4.2. Improvement Opportunities Development and Implementation

After having identified problems and opportunities for improvement in the previous
phase, the project team started to develop and implement some changes in order to pursue
some common principles and practices associated to the main excellence models, such
as Lean Thinking. Visual management, standard work, teamwork, pull production, and
KPI monitoring are a few examples. Production planning and controlling also underwent
through certain adjustments.

4.2.1. Production Orders Monitoring and Control

One of the key goals of this project was to reduce the amount of work in progress that
is typically dispersed over the shop floor. As this reduction has positive effects on the re-
duction of throughput time, reduction of occupied space, and improvement in productivity,
the project team reserved full attention to it from the start. One of the recognized causes of
high levels of WIP was the existence of batches forgotten on the shopfloor. It was necessary
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to define their production status and determine the operations missing to complete their
processing. After that, the production manager and the supervisors of each section set
in motion a plan to finish all the forgotten batches and catch up on all production orders.
The period was perfect because the COVID-19 pandemic contributed to lower the demand
reducing the pressure on production.

After everything has been arranged regarding ongoing production orders and cus-
tomer commitments, the important thing was to find a way to maintain low WIP levels
and good material flow. Digitalization and connectivity between different resources were
understood as tools to be implemented. A system was then designed and implemented
to monitor and allow the control of the flow of materials. One tablet was assigned to
each supervisor of the different production areas, linked to the centralized PPC system,
providing the information about production planning, sequencing and scheduling, helping
them in the local management and allowing workers and supervisors in the introduction
of relevant production data back to the system. In terms of data sent to the shopfloor, a
list of production orders sequenced by due date is created and sent every week to the
polishing and cutting stations. The polishing station was identified as the key station as it
acts as the pacemaker (“drum”) of the system, and the cutting station for being the first
station in the sequence. All other stations just follow the FIFO (First-In First-Out) rule as
the orders arrive to stations queues. The production manager also sends a daily schedule to
every machine. To control the production flow, operators access tablets with that schedule
(Figure 4), i.e., the sequence of orders to be followed, and select the one to be processed
next (from left to right and top to bottom; each green rectangle represents a production
order). When starting an operation, the operator introduces the time spent on setting up
the machine and then performs the operations required for that order. When the operations
are concluded, the operator indicates the quantity of parts produced, parts sent to scrap
and parts to be reworked.
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With this system, the productivity was improved since several types of waste were
eliminated or reduced. Everyone knows what to do next and no operator wastes time
looking or waiting for information. There are no wrong production orders being processed
to be forgotten somewhere in the factory.



Sustainability 2023, 15, 8302 13 of 20

4.2.2. New Stock Management Practices for Finished Products Warehouse

Existing data on quantities sold for each type of product, as well as internal delivery
times, made it possible to more precisely determine safety stocks, reorder points and
replacement quantities for each final product. An excel file was created with the demand
profile as well as internal delivery times for each product. This data makes it possible to
automatically determine safety stocks and reorder points for each product, considering the
updated demand profile and changes in delivery times.

This excel file provides the production manager with an ordered list of priorities for
generating production orders so that stock levels of finished product are kept at low levels,
yet with a low probability of stock-outs. This file also provides visual alerts if some orders
are critical, by showing them in red color in the list.

4.2.3. New Approach to Raw Material Stock Control

To solve the problem of high levels of raw materials stock, two improvement actions
were implemented. The first one was the reduction of different sheet metal coil widths. The
design of the press cutting tools is now limited to a list of metal sheet widths. After some
time with these limitations, the number of different metal sheet coils in the warehouse was
reduced from 100 to about 70 units.

A second action was focused on a better stock management. The calculation of
raw material consumption in the cutting operation was developed for all the cutters
in the company. The quantity of raw material needed for each product reference was
determined in detail. With that information, the quantity of raw material needs for a certain
production period is accurately determined based on the master production plan for that
period. A database was created with the raw material consumption of all products in
the catalogue, which was connected to the production planning and control software and
could be consulted by all people involved in the process. An Excel spreadsheet was also
created, linked to the production planning and control system, where all the references
that would start production in the following months were listed. In this way, the search
for raw materials is made according to actual needs and not based on forecasts, as was
done previously.

4.2.4. Other Improvements

Fine-tuning the machines, an important part of the time spent setting them up, was
seen as an improvement that could be implemented at very little cost. The main problem
identified was the lack of any kind of pattern during setup. Each operator had the habit of
improvising the way to make this final adjustment, consuming an excessive amount of time
in this task. The project team has successfully developed and implemented fine-tuning
standards for most machines. Each team leader became responsible for providing training
to all members of his team in carrying out setups according to the new standards. The new
daily routine for team leaders now includes the pre-preparation of all the tools needed for
the setups according to the existing production plan for the day.

With these new routines and with operators trained in these new setup standards,
the company started to save 440 min a day in setups, allowing that time to be used in
value-added operations.

Another important change in the production and performance awareness among
everyone was the introduction of team boards for teams of workers. The team boards
helped in creating team spirit and performance awareness, since information about the
team, KPI monitoring, and improvement suggestions’ monitoring became part of the daily
life of all workers.

4.3. Results at the End of the Project

The main improvements are marked in the VSM of Figure 5 using green star tags.
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The completion and follow-up of all production orders allowed a reduction from
667,415 to 225,600 units of WIP at the end of the project (Table 5). This reduction represents,
in relative terms, a decrease of 66%, which is well above the 50% reduction that had been
established as a target. The total throughput time for the spoons/forks family also followed
a considerable reduction from 17.3 to 4.6 days. In terms of capital resources, there was a
reduction of more than €255 k tied up in WIP. In practical terms, the company now has
€255 k more available in capital than it had before.

Table 5. Key Performance Indicators behavior.

KIP and Objectives Initial State End of the Project One Year Later

Total processing time for s&f * (s) 23.72 23.72 22.12

Total processing time for knives (s) 37.12 37.12 36.52

Daily Demand for s&f * (units) 31,000 31,000 35,000

Daily Demand for knives (units) 10,500 10,500 12,500

WIP of s&f * (50% reduction) (units) 537,045 143,960 175,000

WIP of knives (50% reduction) (units) 130,370 81,640 105,000

Total WIP (units) 667,415 225,600 280,000

Productivity (20% reduction) (units/man.h) 45.17 61.64 65.24

Finished products inventory (30% reduction) (units) 2,023,641 1,244,766 1,350,000

Throughput Time of s&f * (50% reduction) 17.3 4.6 5.0

Throughput Time of knives (50% reduction) 12.4 7.8 8.4

Value Added Ratio of s * f * (50% reduction) 0.0025% 0.0093% 0.0080%

Value Added Ratio of knives (50% reduction) 0.0054% 0.0086% 0.0079%

* spoons and forks.
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After the implementation of the new stock management system, made available
through the Excel file referred to in Section 4.2.2, the finished products warehouse now has
779,000 fewer units stored than before. This figure represents a reduction of over 38% in
the quantity of products stored, exceeding the target of 30% set at the start of the project.

This project has brought about some changes in the way employees and leaders position
themselves in the organization. There is now greater transparency and more effective communi-
cation between managers, supervisors, and employees, increasing the focus and collaboration
of all on common goals. Weekly kaizen meetings and visual management have reduced the
barriers between different departments and between different hierarchical levels.

The implementation of new standards in the machine setups has increased the time
available for production by approximately 440 min.man each day. This, together with
improvements in clarity and efficiency of planning and the reduction of WIP, led to an
overall improvement in productivity by 36.5%, from 45.17 to 61.64 units/man.hour. This
particular performance improvement clearly exceeded the 20% target initially set.

The good results were achieved mainly because of the management commitment, the
expertise in Lean practices brought by the consultant and the low initial Value Added Ratio.
This project brought clear transformations in waste awareness, work organization and
the importance of continuous flow and low inventories, as well as transformations in the
behavior and culture in the company. These ingredients are a significant step towards the
company’s operational excellence [58] and long-term sustainability [59]. Lean’s inherent
nature predicts that these adjustments will have a favorable impact on sustainability [60].
It became obvious from the study discussed in this article that the company enhanced its
economic sustainability by lowering expenses and boosting competitiveness, as shown in
Table 5. These accomplishments are directly related with the Sustainable Development
Goal 8—“Decent work and economic growth”, that includes policies encouraging produc-
tivity and promoting safe and secure working environments, and SDG 12—“Responsible
Consumption and Production”, that draws attention to the worldwide material consump-
tion and therefore promotes the improvement of resource efficiency, and waste reduction.
Because there was more teamwork, team spirit, a sense of belonging to a group, enhanced
communication between employees, and a greater identification of the effort of each person
in the performance of all, the social side of the socio-technical nature of organizations had a
notable improvement.

Since the company became more resource-efficient, especially in terms of energy
consumption per item produced and paper reduction accomplished through digitalization,
this initiative had less of an environmental impact than anticipated.

4.4. Results One Year after the End of the Project

Once the project is finished, the big challenge is, at least, to maintain the changes imple-
mented. The project team was aware of a huge percentage of companies implementing some
transformations towards excellence, which fail to maintain them in the long term. For this
reason, an analysis of the performance indicators was carried out one year after the end of the
project, in January 2023. The behavior of the indicators is presented in Table 5. The figures
shown in green indicate a positive trend, while those in red indicate a negative trend.

After the project was finished, the managers and supervisors tried to improve the
performance of some machines and managed to reduce the processing times in the polishing
operations in several products. They implemented changes in the machine that allowed 1
to 2 more products to be placed in each polishing comb, which reduced the total processing
time. In the spoons/forks family the average reduction was 1.6 s per piece. On the knives
family the reduction was a little shyer, only 0.6 s on average, because the improvement was
only possible on a smaller number of models.

5. Discussion

WIP levels have depreciated somewhat, probably because daily production has in-
creased to meet demand and with it an increase in batch sizes. Although it negatively
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affected WIP, this increase in production had a positive effect on productivity, as can be
seen in Table 5. Throughput time, as well as value added ratio, followed the negative
impact of WIP behavior, naturally.

The exceptional results achieved were possible due to the existence of some specific
success critical factors, as well as the presence of some characteristics of the production unit
at the beginning of the project. The main key success factor identified was the management
commitment, as frequently referred as the number one factor in most literature. In this project
that commitment played a key role in the success. This factor allowed another critical factor
to enter the equation; an external consultant and a researcher with relevant knowledge and
experience in adopting operational excellence principles and tools. These two critical success
factors were essential in allowing the generation of a success momentum and the development
of other success factors such as better communication, and leadership culture.

Despite the presence of these factors, the extraordinary level of success was only
possible due to the initial characteristics of the production unit and the potential for
improvement that existed. This is important because many other companies in similar
situation could significantly improve their competitiveness and sustainability by replicating
this method. The characteristics are, in short, a very low value in the Value Added Ratio
due to: a culture of local optimization without a systemic view, focus on machine utilization
(large batches to reduce setups), and push production.

In this study, the first two contextual factors expressed in the research question are
very often mentioned in the literature on the successful implementation of Lean philosophy
in industry, referred to earlier in Section 2. However, the third factor, ‘very low Value
Added Ratio (VAR)’, is very rarely mentioned as a success factor, but is mentioned here
because it is probably an important contribution of this work, as it shows that in this kind
of context the possible gains are extraordinary. Other companies that find themselves in a
similar context of very low VAR are in a position where they can make a leap to another
level of competitiveness and sustainability.

6. Conclusions

The main goal of this study was to create and put into effect modifications that would
enhance a cutlery company’s overall production performance through the application of
operational excellence ideas and practices. The mapping of the production process, using
the VSM tool, made visible some of the problems and opportunities for improvement that
became the focus of the study. The main problems identified were high levels of WIP, high
levels of finished product stock, erratic production planning and control, long setups, poor
communication between departments, and ineffective leadership.

The team created and implemented a number of changes, including pull production
techniques, standard work, daily kaizen sessions, and visual management. The organiza-
tion benefited from these changes in a number of ways, namely in terms of productivity,
lead time, operating expenses, service, and increased information flow.

Some solutions in the area of digital transformation were necessary to achieve some
of the objectives of this project, namely improving the flow of materials and reducing WIP.
These results were achieved using low-cost technologies with simple computer applications
developed internally and installed on tablets integrated into a network with the PPC system.
This digitalization made it possible to reduce the use of paper and movement of people
and greatly increased the effectiveness of communication between workers, supervisors, and
company management. This made it possible to improve the efficiency of production planning
and control and to reduce the errors that existed in communication and decision-making.

When comparing the project’s final results with the initial set of objectives, it can be
concluded that expectations were surpassed. WIP was reduced by 66.20% (reducing the value
of inventory by 255,180.80 euros), throughput time was decreased by 73.4% for the spoons and
forks family and by 45.16% for the knives family, and finished product stock was decreased by
38.49%. Productivity increased by 36.46%, far exceeding the defined target of 20%.
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In summary, by increasing digitalization, optimizing processes, and improving resource
utilization, companies can reduce their energy consumption, and consequently diminish their
carbon footprint. Overall, the adoption of Digital Lean [61] and Lean & Green [62] approaches
can help companies achieve operational excellence while minimizing their impact on the
environment, making it an essential component of sustainable business practices [6].

One of the problems with implementations of this type of improvements is that they
are usually difficult to maintain in the medium term. For this very reason, one year after
the end of the project, the team returned to the field to evaluate the various performance
indicators. It was interesting to note that stock levels increased slightly, both in WIP and
stock of finished product. This behavior can be explained by a certain relaxation of people
but can also be explained by a slight increase in demand. During that year, the people in
the field managed to reduce very slightly the processing times in some operations and
managed to improve quite significantly the productivity. That was one of the biggest
surprises that left the team confident about the sustainability of the changes introduced
because part of them became part of the culture.

These practices contribute to a successful Lean implementation by enabling organiza-
tions to streamline their processes, reduce costs, and improve customer satisfaction while
also minimizing their impact on the environment. By integrating digital, Lean, and Green
principles, organizations can create a culture of continuous improvement and achieve
operational excellence in a sustainable manner, leading to long-term success.

Regarding the research question “It is possible to achieve great improvements in a
lean and industry 4.0 implementation if three specific contextual factors are present in the
company, namely (i) commitment of top management, (ii) knowledge on digitalization
and lean, and (iii) very low Value-Added Ratio?” some considerations can be drawn.
Outstanding results in terms of performance as described earlier are possible when the
some of the classical critical factors are present but again the number one factor is the
management commitment. With that factor in place all the other factors became possible,
including enabling green, Lean and resilience sustained approaches [6]. Despite that, the
outstanding results are only possible when the production unit has a large improvement
potential, characterized by a low value added ratio (in this case way below 0.1%).

The three main contributions of this study are: (i) the confirmation of the role of top
management commitment in the success of this type of change and (ii) for the performance
improvement to be extraordinary, there must be great potential for improvement, trans-
lated into a very low Value Added Ratio, and (iii) somebody with experience in Lean
implementation is needed so successful improvement actions are implemented.

The circumstance that this work was carried out in a single company is obviously a
limitation of this study. However, this happened because the origin of all this work is found
in a master’s project developed in the company CR in particular. In any case, this paper
showed a concrete industrial case in which the existence of the three contextual factors
already mentioned was indeed decisive for the achievement of exceptional improvements in
the performance of the production system, thus positively answering the research question.

Another limitation of this study is that when VAR is not very low, even if the first two
critical factors are met the potential of improvement is more limited. In other words, as the
VAR increases, the potential for performance improvement decreases.

One of the ideas for future research is to identify in more detail the steps that need to be
taken in such a transformation in order to achieve significant improvements in performance
more quickly and sustainably.
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