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Abstract: In this paper, developed in cooperation with a manufacturing industry that develops and produces 
components for conveyor technology, Denipro AG (Weinfelden, Switzerland), the first two lean approaches 
of the enterprise are reported and analysed. Specifically, both of these implementations deal with the design, 
realization and balancing of lean assembly shops: they address the same issues and share a similar schedule, 
the same guidelines and materials to support the implementation. Peculiarity of the method behind these two 
approaches is the direct implementation on the assembly shop floor of the lean concepts and solutions that 
were generated, by means of boards, wood, nuts and bolts, plastic and glue. In this practical way, classic 
topics of lean were addressed, such as the order of operations, cell layout, positions of tools and materials, 
WIP, flow and the logistics of replenishments. After the analysis and comparison of these implementations, 
their results were presented and discussed, so as to achieve a practical contribution, important tips and a 
direct example for organizations willing to approach lean manufacturing in their shop floor. 
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1. Introduction 

The application and implementation of Lean 
Manufacturing (lean) has shown a constant rise in the last 
two decades in the Western world (Hines et al., 2004), 
with an ever growing relevance for Small and Medium 
Enterprises (SMEs), where its ability to act as a cost 
reduction mechanism hampers its potential applications 
(Achanga et al., 2004; 2005). Lean is generally described 
from two different points of view: either from a 
philosophical perspective, e.g. as a set of general principles 
and ultimate ends, or from a practical perspective, e.g. as a 
combination of tools, practices and techniques that can be 
directly applied and observed (Shah and Ward, 2007). In 
both cases, main goal of lean is the focus on value for the 
customer and the constant elimination of wastes at every 
level of industrial activity (Womack and Jones, 2003). 
Characteristic consequences of this continuous effort are 
reduction of inventories and Work In Process (WIP), 
improvement of process understanding, increase of 
products quality, reduction of flow times and financial 
savings (Melton, 2005). On the other hand, detractors of 
lean contend that other manufacturing strategies may be 
superior under certain market conditions (Cooney, 2002; 
Doolen and Hacker, 2005), and affirm that only 10 per 
cent or less of companies succeed at implementing lean 
practices and most efforts to use them fail to produce 
significant results (Repenning and Sterman, 2001; Bhasin 
and Burcher, 2006). SMEs, in particular, are constrained 
by a number of key factors in the implementation of lean 
techniques (such as a lack of adequate funding and 

leadership deficiencies) and can only achieve successful 
corporate results with the involvement and commitment 
of management and a proper planning phase prior to 
implementation (Achanga et al., 2006; Hines et al., 2008). 

Since the first use of the term “lean production” (Krafcik, 
1988), several papers in literature address advances in lean 
(Sullivan et al., 2002; Braglia et al., 2006; Lindeke et al., 
2009), its applicability to various firms and contexts 
(Achanga et al., 2006; Bhasin and Burcher, 2006; 
Browning and Heath, 2009) and the integration of lean 
with other strategies or disciplines such as agile 
manufacturing, six sigma and project management 
(Mascitelli, 2002; Narasimhan et al., 2006; Taghizadegan, 
2006). This being true, literature is not rich of practical 
examples that describe best practices for SMEs embarking 
on their path toward lean (Hines and Taylor, 2000; Hines 
et al., 2008). In this paper, developed in cooperation with 
Denipro AG (Weinfelden, Switzerland), a manufacturing 
industry that develops and produces components for 
conveyor technology, the first two lean approaches of the 
enterprise are reported, analysed and compared. 
Specifically, both of this approaches deal with the design, 
realization and balancing of lean assembly shops. The 
main goal of this analysis and comparison is to define and 
evaluate a set of guidelines that may be used by SMEs 
when firstly approaching lean on their shop floor (SF). In 
the first approach, Lean Take 1 (LT1), a 4-day workshop 
that revolutionized an assembly shop, the firm was driven 
in its journey through cooperation with the University of 



Parma and a consulting business (Noventa Consulting
AG, Diepolsdau, Switzerland). 

The second approach, Lean Take 2 (LT2), was developed 
via the sole cooperation with the University of Parma and 
resulted in the design and realization of a new U
assembly shop that achieved the expected results after a 2
day workshop. 

The remainder of the paper is organized as
Section 2 LT1 will be introduced, described an
Section 3 will focus on LT2, paying close attention to 
differences between LT1 and LT2 and to the 
discussion. Section 4 will draw conclusions and 
possible future developments or applications.

2. Denipro Lean Take 1 

2.1 Introduction 

Denipro AG is a manufacturing industry that develops 
and produces components for conveyor technology, and 
employees over 130 people by its headquarters in 
Weinfelden, Switzerland, with a turnover of 
(2010). Denipro is the main supplier for Ferag AG, 
leader in the construction of plants 
industry, and belongs to WRH Walter Reist Holding AG, 
a self-financed business that employs around 1.6
around the world with a turnover of € 250

The first lean implementation of Denipro, 
place in a 4-days workshop (8-11 Nov. 2010)
assembly SF of a semi-finished Denipro product
that connects several grippers that will 
printed products for their handling and conveyance
Kette). The unit product comprises 5 grippers and 1 metre 
of chain, as reported in Figure 1. It involved a team of 10 
people: 6 of them were employees of the firm
different levels and branches, 2 of the team from the 
University of Parma and 2 from the consulting business
Before the workshop was held, part of the team 
mentioned above met and defined the project framework, 
its goals, and its organization and depicted t
of the assembly SF (e.g. the starting point on which the 
present situation can be drawn and the achievement of the 
goals shall be measured). As it can be seen
there was no clear path designed for the assembling 
operations, and a lot of back and forth (and pi
drop) were necessary in order to assemble the process 
batch of 5 grippers, subsequently fixed to the chain 
to form a unit end product (see Figure 1).
the materials necessary to assemble the product were kept 
within plastic box in pallet cases (see the centre of Figure 
2), to the detriment of ergonomics and assembly times.
 

Figure 1. The unit end product of LT1
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The unit end product of LT1: FLS Kette 

Figure 2. The AS IS conditions of the assembly SF where 
LT1 took place

LT1 started in a classroom with a general presentation on 
basic lean concepts, its advantages and disadvantages and 
some practical examples. Afterwards the AS IS state of 
the assembly shop was shared 
quality issues and so on) and the following
assigned to team members: team leaders (2 people), 
assembler (2 people), timer (2 people) and observers (4 
people). 

From this point on, the team st
unit and defined goals, timetable
implementation (they must be clear and well defined
an easy and unambiguous assessment of their achiev
at the end of the project). Goals agreed for the LT1 were: 
(i) a 50% reduction of assembly time
of higher ergonomics of the assembly 
reduction of lead time, (iv) reduction of process variation 
and (v) the realization of a 
other areas. After a few hours of classroom, the workshop 
continued on the SF, where it remained 
During this part of the workshop, a first assembly test and 
then a series of Deming cycles
PDCA cycle) were accomplished so as to implement lean 
in the assembly SF. 

2.2 Materials and Methods 

Materials used for LT1 were chosen with the goal of 
achieving a real involvement of the project team
particularity of this approach, in fact, lies in
implementation on the assembly 
solutions generated. This was made possible through the 
availability of plywood boards, wooden
and cordless drills, power jigsaws, hot glue gun and sticks, 
power angle grinders, shelves, tapes, empty containers,
spanners and so on. This material was used by the whole 
team in order to reach the goals stated in 
quick (but temporary) way. These goals were achieved in a 
step-by-step sequence of PDCA cycles as illustrated 
below: 

• PLAN: all the team people present and describe the 
wastes they have noticed and reported on post
No critics are admitted to the attendants’ 
and every post-it is pinned on 
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• DO: attendants try to find a solution to the issues 
previously presented, directly implementing these 
solutions by means of the materials reported above 
(e.g. moving and/or orienting tools, machines and 
materials, creating new instruments or devices that 
ease the assembling, changing the layout of the cell); 

• CHECK: results are measured through a timed 
assembly test and compared with the expected ones 
to detect differences, after the test opinions of the 
assembler are collected; 

• ACT: differences are analysed so as to determine 
their causes. Attendants note on post-its the wastes 
they have noticed in the assembly test so as to 
prepare material for the next planning session. 

One of the important aspects of the Deming cycle is its 
repetition, in the struggle for continuous improvement; 
during the cycle, the following subjects were addressed: 

• layout of the line: choosing the layout of the 
manufacturing cell. Since U-cell manufacturing 
systems have shown excellent results in most lean 
applications, it could be wise to adopt it directly; 

• order of the operations: e.g. answering to the question 
“where do I need to do this?”, it is important to 
evaluate critically the order of the assembly 
operations for it is often not the optimal one; 

• machines: they must be in the best position, with the 
right orientation and distance so as to ease and speed 
operations of different workers; 

• tools: they must be exactly where needed, with 
positions clearly marked and as standard as possible 
amongst different workstations. Also consider 
possible duplication of tools; 

• materials: they must be in the right amount, exactly 
where needed and allow easy replenishment. Also 
consider materials logistics; 

• WIP: it is very important to address the handling of 
WIP during assembly operations in order to ease 
unidirectional one-piece-flow; 

• flow: it is also important to smooth operation times 
and allot space proportionally to each operation. 

While addressing these subjects, the following guidelines 
were attentively followed: 

• times [s] were measured for each operation; 

• the team was constantly motivated and kept cooperating 
actively; 

• attention was always paid to lean principles; 

• people felt free to make mistakes; 

• creativity was stimulated; 

• intelligence was freed; 

• occupational health and safety always remained a main issue. 

After the conclusion of the last PDCA cycle, assembly 
standards were set for the new cell, future developments 
(e.g. stabilization of the results achieved) were planned, 
and the results of LT1 were shared with the team. 

2.3 Results and discussion 

LT1 dealt with the lean implementation in the assembly 
cell of a semi-finished Denipro product. Assembly times, 
their variation (compared with test n. 0) and relative 
throughputs are reported in Table 1 in function of the 
assembly test number. The value of test n. 0, reported in 
Table 1, refers to the assembly time evaluated before the 
assembly test, e.g. its average value on a working day, and 
includes breakdowns, setups, preventive maintenance, 
breaks and so on. 

Test n. 
Assembly time 

[min/part] 
∆ Assembly 

time 
Productivity 
[parts/day] 

0 130.00  3.46 

1 68.00 - 48% 6.62 

2 58.58 - 55% 7.68 

3 50.25 - 61% 8.96 

4 47.50 - 63% 9.47 

5 49.58 - 62% 9.08 

6 47.08 - 64% 9.56 

7 44.58 - 66% 10.09 

8 45.83 - 65% 9.82 

9 45.00 - 65% 10.00 

10 41.67 - 68% 10.80 

Table 1. Assembly times and productivity 

As it can be seen in Table 1, the assembly time saw a great 
variation at test n. 1, part of which can be explained with 
the elimination of outages from assembling operations, 
but its value kept decreasing almost steadily during the 
tests. Together with the evidence of assembly times, the 
team was also asked to evaluate the results obtained, by 
indicating the attainment of each goal listed in Section 2.1. 
It was stated that (i) the goal of reducing the assembly 
time by 50% was fully achieved; (ii) ergonomics of the 
workspace was strongly increased, although some issues 
still remain; (iii) the 50% reduction of lead time was fully 
achieved, with a great reduction of WIP; (iv) the process 
flow was strongly improved and (v) lean concepts were 
applied and, after an adequate practice, could be exported 
to other areas. The TO BE layout of the assembly SF 
where LT1 was held is reported in Figure 3: together with 
the U-form of the assembly cell. It is possible to note 
from Figure 3 the number of each operation (small post-
its around the assembling station, used for sort the 
operations), the position of materials, tools and machines 
(see the plastic cases containing nuts, bolts, rods, pins and 
other parts), the increased ergonomics of the assembling 
station and the smaller space occupied (less than a quarter 
of the area of the AS IS state). 



Figure 3. The TO BE conditions of the assembly SF 
where LT1 took place 

Before closing the project, other important issues were 
addressed: 

• how to deal with more assembler in the same assembly line
bucket brigade (Bartholdi and Eisenstien, 1996

• maximum number of worker on the line 
job partition; 

• how and where to insert the logistics for the replenishments of 
materials and consumables for the cell. 

Finally, the results achieved in LT1 were shared 
company employees and at the managerial level, 
supporting feedback from attendants and thinking about 
the implementation of the next lean tool.

3. Denipro Lean Take 2 

3.1 Introduction 

LT2 was organized as a 2-days lean workshop
2011) by the assembly SF of another
Denipro product. LT2 involved a team of 
employees of the firm and 1 person from the University 
of Parma. Even in LT2, part of the team met
project meeting for defining framework, goals and the 
general organization of the project, and depicted t
IS state. LT2 did not start with a general presentation of 
lean, for most of the team had already 
one person was designed as team leader
and 2 timers. The team also defined and shared 
timetables and guidelines before moving to 
SF. The following goals were agreed: (i) a reduction of the
assembly time to a maximum of 6 minutes/part
achievement of higher ergonomics of the assembly 
in LT1, a first assembly test and then a series of 
cycles were accomplished. 

3.2 Similarities and differences 

Generally speaking, the LT2 approach
same as the LT1. This means that materials, subjects to be 
addressed, guidelines and methods were al
that were used before; the main differences between LT1 
and LT2 can be listed as follows: 
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a series of PDCA 
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This means that materials, subjects to be 
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he main differences between LT1 

• the workshop was led by employees of the firm
from what was experienced in 
team leader was an employee
the assembly line where the workshop took place

• the workshop was set up in a more free and 

• the subject was narrower. 

Because of the first two points, pe
workshop felt much more at ease
combination of internal team leaders and a free and 
informal style, together with 
subject (it was not something as new as LT1), increased 
creativity, inventiveness and liberty. On the other hand, 
the points listed above caused 
engagement of the team people: the lack of clearly defined 
expectations and of formality in collecting feedbacks and 
opinions did not call for such an effort as in LT1.

3.3 Results and discussion 

As a matter of fact, LT2 was a success, even mo
the previous implementation. The values of assembly 
times in function of the test
Figure 4. 

Figure 4. Values of assembly times 
number

Figure 5. The TO BE conditions of the assembly SF 
where LT2 took place
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As it can be seen from Figure 4, after test number 3 the 
assembly time of each part constantly remained under 6 
minutes, as asked for in Section 3.1. For this reason, it was 
stated that (i) the goal of reducing the assembly time was 
fully achieved and (ii) ergonomics of the SF was highly 
enhanced, but some issues still remain. The TO BE layout 
after LT2 is reported in Figure 5: it is possible to see, in 
this case too, the shape of the cell and its ergonomics. 

Although both implementations reached their goals in a 
more than satisfactory way, the analysis and comparison 
of Denipro LT1 and LT2 can provide some interesting 
cues: both of the implementations shared most of the 
method, apart from a few differences. The presence of a 
domestic team leader and an informal approach increased 
creativity and inventiveness of the team, to the detriment 
of attention and engagement. These downsides could have 
been avoided either by organizing the implementation 
with a stricter approach or by appointing as team member 
an employee of the firm from a different area (e.g. not the 
assembly manager of the assembly line). 

Particularly, the advantages of the practical approach used 
for these implementations can be summarized as follows: 

• quick, practical and easy approach: choosing to begin the 
implementation of lean directly on the SF is a 
common choice, but the advantage of this approach 
consists in its capability of reshaping the SF and 
achieving considerable results in a few days; 

• reversible operations: the idea of modifying the SF 
directly with boards, wood, nuts and bolts, plastic 
and glue allows people to try solutions and make 
mistakes and therefore stimulates creativity and 
inventiveness; 

• initiative to the workforce: most lean books focus on the 
importance of the workforce, directly adding value 
to the product, but then rely on specialists for 
designing the future state map of a production line, 
in this approach team leaders only act as referees to 
a match directly played by the workforce itself; 

• no lean sensei is required: as illustrated before, the 
methods of these approaches worked well with just a 
lean instructor, because of the direct involvement of 
workers. 

Together with these advantages, the following 
disadvantages may also be drawn for the described 
approach: 

• only applicable to the SF: the approach described above 
suits only well to the SF of a manufacturing industry, 
for the same approach cannot be applied to other 
contexts; 

• necessity of stabilizing the results: the new reshaped 
assembly cell must then be stabilized in a sound and 
lasting way, e.g. substituting temporary solutions 
with permanent ones; 

• lack of a strong scientific base: one of the drawbacks of 
this approach is the lack of a scientific method 
behind the implementation; 

• lack of a holistic view of the factory: as reported by Bhasin 
and Burcher (2006), the approach to lean as a 
philosophy, rather than only a series of tactics, is 
fundamental in order to achieve its benefits. 

4. Conclusions 

In this paper, two lean implementations in the SF of a 
manufacturing firm were presented, analysed and 
compared: LT1 and LT2. Both of them were carried out 
by teams of around 8 people and addressed several issues 
about the organization of assembly SFs of two Denipro 
products. They achieved excellent results, assembly times 
and WIP were noticeably decreased and ergonomics of 
the SF was highly increased. After the analysis and 
comparison of these two implementations the following 
conclusions were drawn: 

• the SF is the best place where a lean implementation can be 
started: because of its visibility, and the possibility of 
achieving results in a simple and quick way the SF of 
a firm is the best place for starting with lean; 

• management support and resolution are fundamental for the 
success of lean: several authors show how the benefits 
of lean can only be achieved with a high resolution 
of management, and this research confirms that this 
element is necessary; 

• the presence of a guide with consistent experience is very 
important; even when dealing with this down-to-earth, 
practical application, the presence of lean 
professionals is significant and valuable, at least at 
the very first implementation step; 

• project goals must be clearly defined and shared, active 
participation and creativity must be stimulated and 
encouraged: one of the major points of the approach 
used in this study is the active and direct 
involvement of the workforce in the project, in 
order to achieve this the project team must be 
provided with clear, reachable but ambitious goals 
and their participation, attention and creativity must 
be kept high and focused for the whole project; 

• lean must then be extended to other areas of the firm: as 
already stated before, and like many authors confirm, 
lean must not be seen as just a set of techniques, but 
as a philosophy, in order to produce the expected 
benefits. The approach that was used in this paper, 
although interesting and direct, is just the beginning 
of a journey that must extend to product design, 
research and development, accountability and 
management if the objective of the firm is “staying 
lean” (Hines et al., 2008); 

• it is important to avoid cherry picking: one of the major 
risks when dealing with lean is to consider it as just 
another buzzword (Hopp and Spearman, 2008). This 
approach may lead to promotional lean 
implementations that fails to tackle the wastes of the 
firm and does not provide with the expected 
benefits. The ways to avoid this risk are summarized 
in the previous points of this Section and must be 



supported with a holistic view of the factory, which 
is always further away from the scientifically 
fractionated Western world. 

It can be said that this approach resulted to be an 
excellent first step for lean implementation, with great 
results on the assembly SF and in motivating the 
employees of the firm towards a new manufacturing 
philosophy with an approach that can be adopted by 
virtually any manufacturing SME with low costs and short 
implementation times. Nonetheless, this step must be the 
first of a series that embraces lean in a much more 
complete and systematic way, so as to avoid the risk of 
cherry picking. It is also important to note that further 
approaches in this direction should be planned and carried 
out with the support of general lean tools and techniques 
such as SMED, TPM, one piece flow and process 
mapping, among others. 
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