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Abstract. There is generally agreed that lean pull production principles like
Kanban, ConWIP or takt time are successful tools within repetitive production
where with one-piece flow, where each job produces exactly what the next job
needs, when it is needed and with no inventory in between the stations. To our
knowledge, very little research is done on implementation of these concepts
within Engineer-to-Order (ETO) environment. This paper presents a case study
on implementing the three principles within a Norwegian company that builds
complex and highly customized vessels for the offshore industry.
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1 Introduction

Norwegian shipbuilding industry is a typical engineer-to-order (ETO) manufacturing
environment where customers are involved in the building process from the concept
design phase, follows it through the detail engineering as well as the production and the
testing phases. The scope of such involvement is to maintain the possibility of changing
features of the vessels while under construction and that result in one-of-a-kind product
at the end of the each project. Most of the vessels build through an ETO approach start
as a conceptual frame for a future possible service, but during the building project things
frequently change and the final product can look quite different from the starting idea.
This means that the design/engineering/production phases in an ETO must be flexible
and adaptable to this dynamic system within which changes occur all the time [1].

Lean production is seen by many as a manufacturing philosophy applicable to
mass production or other repetitive manufacturing industries [2], with high volume
production environments that demand mass consumption [3]. Looking at these char‐
acteristics, it seems like an ETO environment would not fit for lean ideas. However,
Vard, a Norwegian shipbuilder, adopted and implemented some lean tools in the
process of building highly customized vessels. Vard initiated a set of improvement
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projects in different departments involving lean principles and the lean tools imple‐
mented by the group were: Plan-Do-Check-Act (PDCA); Last Planner [4]; Kanban,
Takt time and Constant Work in Progress (ConWIP). This article presents the
preliminary results of the project dedicated to implementing Kanban, Takt time and
ConWIP at the assembly line in the hull factory.

In the following, we present a short literature review on ETO and lean followed by
research methodology. Then we present the case company, the results of the implemen‐
tation process and the discussion.

2 Literature Review

In this section, relevant theories for this study are presented. First, we address the pecu‐
liarities of ETO industry that challenge each phase of a project, frequently seen in isola‐
tion from each other. This approach increases the lead time of the total project and makes
overall improvements quite difficult to achieve [5]. We also present some important
features of the lean thinking concept as well as some of its principles and tools that were
implemented at the case company. The literature part ends with the presentation of the
lean shipbuilding concept.

2.1 Engineer-to-Order Features

ETO is a manufacturing strategy where the design, engineering and production activities
do not start until after the order is confirmed by the customer [3]. The main characteristics
of ETO manufacturing are low-volumes, high degree of customization and project-based
environment [6]. Manufacturing process in an ETO are typically non-repetitive yet labor
intensive, demanding quite often highly skilled labor force [3]. In an ETO project the
customer is involved in the decision process from the concept design phase, and has the
possibility to decide most of the product features while the project is ongoing. Conse‐
quently, planning and controlling activities in an ETO project must cope with a dynamic
system, product complexity and information uncertainty [7]. A dynamic system is
defined as a system in which changes occur all the time [8]. The complexity of the
product is given by (1) the structure of the goods flow; (2) the number and the composite
of the parts that are needed to the final product; (3) the number of the ongoing projects
that each department is involved in. Uncertainty of an ETO project is mainly defined by
the amount of information necessary to perform a task compared with the information
already available in the project organization. There are three uncertainty factors specific
to ETO manufacturing: (1) The uncertainty of the product specifications where change
occur all the time especially in the beginning of the project, (2) Mix and volume of the
future demand (the firm do not know when the customer will place a new order and that
affect the forecast of people and materials). (3) Process uncertainty where parts of the
product are not known and are difficult to estimate in terms of machines, materials
amount of resources [7].

The ETO features described here apply to the shipbuilding case in this study.
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2.2 Lean Production

Lean can be defined as a philosophy of management that “consists of an ideal to be
pursued, principles to be followed in that pursuit and methods to be used to apply the
principles” (p. 86) [2]. Delivering exactly what the customer wants, with no waste is the
main ideal for the lean way of thinking. One guiding principle when pursuing the lean
ideal is only to do work when the customer requests it. In order to apply lean principles
in different circumstances there are tools and methods developed over the years [2].
Among the tools and methods applied for achieving a continuous flow of work, we find
Kanban, Takt time and ConWIP, which are the subject of this paper. These are all pull
concepts that enable to limit the work in progress (WIP) along the production line [9]
in order to achieve a continuous flow of production [10]. There is an ongoing debate
whether these concepts can be implemented within the ETO environment. Stevenson
et al. [11] argue that Kanban is not appropriate for non-repetitive production, but argue
that other types of card like ConWIP could be possible in some cases. In a recent paperm
Park and Lee [12] developed an algorithm for applying ConWIP within non-repetitive
production processes. A brief description of these concepts is presented in the following.

Kanban is a card based system used in production to signalize the need for refill of
materials at a work station [10]. It is a pull type system for managing and ensuring the
flow and production of materials as requested by the immediate customer [10]. More‐
over, the system is used to signal completion of a job.

Takt time is inspired from a German word for rhythm or meter and defines the rate of
customer demand. According to [10], Takt time together with continuous flow are
methods used mainly in repetitive operations.

Constant Work In Progress was first introduced by [11] who defines it as a generalized
form for Kanban based on the same cards signaling principle. However, ConWIP is used
for managing an entire production line while Kanban signals production of a specific
part. In the ConWIP approach, cards that are used to signal the start/completion of a job
are not numbered as opposed to Kanban, where cards have numbers and are attached to
a specific part. ConWIP cards are assigned to the production line, and then part numbers
are assigned to each card at the beginning of the specific line. The numbers must match
with the cards by referencing a backlog list, and no parts are allowed to enter the line
without a card. When the job on a specific part is completed at the last station, the card
is transferred to the first workstation and a new part is loaded on the line [11].

2.3 Lean Shipbuilding

Lean shipbuilding as a concept was first described by Liker and Lamb in [13] where the
two authors present and recommend application of lean principles and methods in ship‐
building. Figure 1 illustrates a transformation of the Toyota house (principles and
methods supporting the lean ideal) to a vessel perspective.
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Fig. 1. Lean shipbuilding concepts [13]

Lean principles like for example built-in-quality are presented in the figure together
with methods which support the process of achieving it. In the following, we present
the research methodology approached for this study.

Previous research is conflicting regarding the applicability of these lean principles
in an ETO manufacturing environment. The present study aims at contributing to this
debate by providing a case study from the shipbuilding industry in Norway, where these
lean principles have been implemented. The methodology, the case company and expe‐
riences from the implementation process will be presented in the following.

3 Research Methodology

This article is a result of action research (AR) based approach to the process of imple‐
menting lean concepts at the assembly line at hull factory. Two of the authors were
directly involved within the process from the proposal/analysis phase and all the way
through the testing and operative phases. All authors have both academic and practi‐
tioner perspectives from the Norwegian shipbuilding industry.

The concept of action research was formulated by Kurt Lewin in the late 40’s with
the scope of finding a method to help the practitioners.AR is defined as a process of
mutual learning between researchers and practitioners where the researchers get the
possibility to experience different situations with their own specific circumstances [14].
The AR seems to be the most appropriate methodology for ETO complex projects that
are difficult to comprehend from outside. Through AR, the researcher can understand
the settings and participate to the process of finding a right solution while the case
company can improve their working processes. AR can be categorized as a knowledge
construction process able to generate scientific knowledge. From such perspective, this
research contributes to filling the gap on case examples of lean concepts adapted and
implemented within ETO. From the case company perspective, this research will
contribute to the development of a planning process that integrates design and engi‐
neering activities.
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4 Case Company: Vard Group AS

Vard is a global designer and shipbuilder of offshore and specialized vessels used in the
offshore oil and gas explorations as well as in production and oil service industries.
Headquartered in Aalesund, Norway, the company owns in total 10 shipyards located
in Norway, Romania, Brazil and Vietnam. For most of the shipyards within the group,
the building process is similar the one described in Fig. 2. The shipbuilding process
starts with customer negotiations where the basic features of the vessel are designed.
Subsequent to contract signing, the design, detail engineering and procurement work
start almost concurrently. Soon after the basic features of the vessel are designed and
materials are procured, the production phase starts at the hull yard (or hull department
of some yards), where the body of the vessel (hull) is built together with some pre-
outfitting activities. For most of the shipyards within the group, the hull must be towed
from the hull yard to the outfitting yard where outfitting activities are completed together
with the commissioning (testing of the whole vessel) phase. The vessel can be delivered
only after the completion of the commissioning phase.

Fig. 2. Shipbuilding process

4.1 Implementing Lean Concepts

The hull building process starts by cutting and welding steel plates into different shapes
and sizes, which are then assembled in a unit. Units are then assembled to blocks, each
vessel being made of five to seven blocks, depending on the size and complexity of the
vessel. The focus of this paper is on the units’ assembly hall where Kanban, Takt time
and ConWIP concepts were implemented since the end of 2013.

The number, size and shape of the units differs from vessel to vessel depending on
the type and size of the vessel as well as equipment to be installed, making standardi‐
zation impossible. At the assembly hall, small units get weld together and processed to
form bigger units, which are then sent to another hall to join the block they belong to.
There are several production lines within the assembly hall, and the shipyard manage‐
ment decided to start the implementation process at one of these lines [15].
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4.2 Before the Implementation Process

Before starting the implementing process, activities at the assembly line were lacking a
clear planning process and a good overview over the lead time of each unit on the line.
Some units were on hold, waiting on the line for alterations or technical information.
The number of units on the working line was variable, depending on availability of
information and workforce. Afore implementation of the lean principles the hall was
filled up with as many units as possible. The high density of units and the high probability
of alterations during the building process caused problems for the flow of units through
the assembly process. Poor flow resulted in long and unpredictable lead times of units’
assembly.

4.3 After the Implementation

In order to reduce the lead times and to increase throughput and predictability of lead
times, a limited number of moving production platforms were installed. Here, workers
allocated to that job from a dedicated pool of skilled workforce, assembled the units
following an established takt. Since the number of assembly platforms was limited and
had a dedicated workforce pool, this implementation phase could be seen as ConWIP
system with a first-in-first-out (FIFO) sequence. The production platforms have a limited
size, which resulted in a selection of units to be assembled on those assembly lines. Units
which had unforeseen changes during the assembly process and which would disturb
the flow on the line, were postponed and executed later on the designated areas. These
delayed units had to follow the whole process in order to be removed to a designated
area. The combination of ConWIP, a FIFO sequence, a stable workforce, and grouping
of units influenced positively the throughput and the predictability of the lead times.
Introducing Takt time for each assembly stage improved predictability of lead times
further.

The Kanban concept was implemented with the scope of improving the control over
the number of WIP units on the assembly line. Some of the rules used for this board
(Fig. 2) were: (1) All the units for the assembly hall were shown on the board for better
visual planning. (2) Each unit had one Kanban card. (3) Only coordinators or foremen
moved the card/units on the board, (4) The most urgent units were on top of the board.
(5) Use a color code for delayed units or the one missing materials.

Takt time was introduced by gathering units in a given number of wagons that move
at a fix interval through the assembly line during the production process.

The preliminary results of implementing takt time, ConWIP and Kanban, at the
assembly line were showing a better flow of materials and a better planning for the
assembly line. The average lead time for the units was reduced from about 1.9 to 0.5 on
the takt time lines. Some of the supporting principles in implementing takt lines were:
(1) ConWIP limits the number of wagons and, as a consequence, the number of units
on the line. (2) As a result of takt time implementation, the adoption of a strategy of a
dedicated pool of skilled workers on the line was possible which in turn improved the
planning and scheduling processes. (3) Planning was made based on the actual situation
at the line showing the workload and capacity for the next period. (4) Each line has an
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own coordinator that manages eventual issues on his/her line and has a better overview
of the situation on the line. However, the implementation process for these lean concepts
is put on hold due to limited effect of the investment. It is an open question if just proper
planning can give the same effect as the takt conveyor system (Figs. 3 and 4).

Fig. 3. Kanban board (with Vard permission)

Fig. 4. Takt time (with Vard permission)

5 Conclusion

This case study presented here shows that the pull production concepts, Takt time,
ConWIP and Kanban can be applied to some aspects of ETO manufacturing environ‐
ments. The preliminary results shown by Vard confirm the possibility of achieving a
continuous flow for the hull units’ production, where the processes performed to each
fabricated part are repetitive even though the parts are customized. By analyzing each
process and identifying the processes that are repeated from one product to the next, the
possibility of implementing pull concepts within ETO projects can be further demon‐
strated.

However, there are limited application of these concepts within ETO manufacturing,
and more research into this subject will prove the feasibility of implementing lean
concepts in such dynamic environments.
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