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1. Introduction 
Manufacturing sectors in Sweden have a long tradition and represent a significant share of the 
national gross domestic product and the export values. Most of the Swedish manufacturing 
companies have gone through a modernization and adaptation process in order to be able to 
compete on a globalized market. Many plants, however, still have non-optimized shop floors as a 
consequence of adaptations over time without redesigning its production and logistics flows and 
with a lack of an overall strategy. To support the optimization of shop floors, this project suggests the 
combined use of Discrete-Event Simulation (DES) and Simulation-Based Multi-objective Optimization 
(SBO) under the umbrella of a design and creation research strategy. The aim of the project is to 
support the improvement and optimization of high product mix and a low-volume of customized 
products manufacturing systems by considering production and logistics flows along with the shop 
floor layout. The methodology is intended to contribute to significantly increase the productivity and 
efficiency of the Swedish manufacturing industry and help companies to survive on the globalized 
market. The potential results can serve for decision makers and stakeholders to apply changes and 
adaptations in the system considering the mid and long term goals of the company. Going through 
different case studies implemented in a middle-size water pumps manufacturer, this methodology 
will be useful in practice and it will provide a decision support system for this specific industrial 
partner and will serve as a guideline for other manufacturing companies. 

1.2. Aim and Objectives 
The aim of this project is to support the improvement and optimization of production and logistics 
systems with consideration of the shop floor layout and a high product mix and a low-volume 
production middle-size manufacturer.  

The main objectives of this project are: 

• Investigate the state of the art of simulation and optimization for system improvement in 
production, logistics and layout of high product mix and a low-volume production 
manufacturing systems. 

• Support with simulation and optimization the election, design and development of new 
production and logistics systems. 

• Find the potential and key parameters for the improvement and optimization of production 
and logistics flows considering the shop floor layout. 

The area is very interesting for Swedish industry because many plants in the country has a long 
history and are not flow-optimized. This in turn increases the cost for production, flow efficiency and 
the resource utilization. Addressing these issues will help Swedish industry to increase its future 
production capacity , competitiveness and growth. 

1.3. Research School and Industrial Partner 
This PhD project is founded by IPSI (Industrial PhD Research School in Informatics) with the support 
of the Knowledge Foundation (KK-stiftelsen) and the Industrial Partner Xylem Water Solutions 
Sweden AB together with the University of Skövde.  
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The IPSI Research School focuses on illustrating how advancements within engineering and  
computer science can be used to implement information technology systems that are beneficial for 
individuals, organizations and the society in general, and how with a socio-technical and 
organizational perspective can be integrated to create useful system solutions. Graduate students, 
their supervisors and mentors are linked to the IPSI School. The Research School's work is based on 
the combination of the knowledge available in the partner companies and the capacity of the 
Information Technology and Engineering Science faculties at the University of Skövde. 

Xylem Water Solutions Sweden AB is a middle-size water pumps manufacturing company under the 
umbrella of an International American Corporation since 2011. The American corporation has more 
than 12.000 employees around the world, is present in more than 150 countries and provides 
solutions to water supply systems all over the world. Its factory in Emmaboda is the focus of this 
project; it has more than 1.200 employees and their main products are middle- and big-size water 
pumps and mixers. Their main production at Emmaboda is around 100.000 pumps per year. 

1.4. Problem description 
Many middle-size manufacturing facilities of the Swedish industrial sector have been adapted along 
decades to meet the requirements and evolution demand of global companies. Many times this 
results in different extensions of several shop floor buildings with aggregated installations mainly due 
to continuous expansion, adaptation and modernization of the production systems. In order to be 
able to support decision makers to increase the productivity and efficiency and to have a better 
defined long term perspective when adapting this kind of middle-size manufacturing facilities, 
simulation studies to find potential improvements and feasibility of different parts of the systems 
should to be analyzed, designed and built.  

There are several limitations that have to be addressed for the improvement processes, some of 
them are the lack of enough free space on the shop floor, the excessive amount of traffic inside the 
factories, the coexistence of persons and heavy transport vehicles in concentrated areas, the 
extensive amount of manpower needed to produce different variants of products and the difficulties 
of stopping production at certain levels, all these problems should be considered when analyzing and 
proposing alternatives for system improvement.  

1.5. Delimitations 
Due to the wide coverture and the different entities involved in this project, boundaries have to be 
established in order to avoid an excess of simplification, generalization or specification. Moreover, 
this project will include changes in the existing facilities of the industrial partner generating some 
timing difficulties in the case study planning.  

The aim of the project concerns a long term approach including both short and long term 
perspectives. This means that the systems to be taken into consideration in the development of this 
project should have some relations with the long term perspective of the improvement 
methodology. In this way minors systems, changes or improvements that will not be included in a 
long term thinking or affected by it should be excluded from the methodology unless strictly 
necessary. 



5 
 

Similarly, the possible planning problems due to layout changes and operational modifications in the 
facilities, should be addressed by the industrial partner so that the long term research aims are 
supported despite short term system changes. A high risk of focusing too much in coordination, 
technical problems, local planning, costs or development should be considered when implementing 
changes in the existing facilities.  

To establish some boundaries of this project regarding the scope of the production flow, a prior 
consideration is to include the main material flows from the production site entry dock of goods until 
the final products are ready to be shipped out of the factory. Regarding the production lines, all the 
processes that add value to the products, starting when the material is delivered to the lines until it 
leaves the production lines should be included. In the specific case of the industrial partner, the 
painting and packing processes are not being considered as part of the production lines (due to that 
they are clearly differentiated and separated from the production processes). Some other 
delimitations that have to be defined more specifically and related to the industrial partner, are 
usually included in a list of assumptions delivered at different stages of this project together with the 
different simulation models or sub-assignments of this research. Finally, the scope of this project is 
limited to middle-size manufacturers with a high product mix and customized low volume products. 
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2. Research background 

In this chapter a brief summary of the content of this project, some of the problems to confront and 
the literature review of the main topics of this project are addressed. These topics are production, 
logistics and layout; high product mix and low volume production; and simulation-based multi-
objective optimization.  

2.1. Production, logistics and layout 
The main research application of this project with the industrial partner is to try to solve the part 
feeding problem at the main shop floor of their factory in Emmaboda. This is known as the problem 
of delivering the necessary parts, at the right time, to different production lines with the appropriate 
transportation methods through the shop floor layout. This problem has been widely studied, mainly 
in some specific manufacturing sectors. For example part logistics in the automotive industry has 
been deeply studied and analysed by Boysen [1] and an extensive literature review and description of 
the different logistics types by Ziarnetzky [2] analyses aircraft assembly line models using DES. Some 
other papers are focused in more specific aspects of the internal logistics aspects. For example an 
heuristic solution procedure is developed by Golz [3] to minimize the required number of drivers for 
in-house shuttle tours between part storage and delivery areas in the automotive sector. Emde [4] 
develops an exact solution for the optimal scheduling and routing problems of the transportation 
method with tow-trains between a central supermarket storage and the assembly lines in the 
automotive industry. Many authors have analysed the in-house transportation methods from the 
parts storage area to the production lines [5, 6]. However the topic considering the part feeding 
problem has been analysed by these authors [3]. Golz [3] divides this problem into the planning of 
the transportation orders and the assignment of those orders to the shuttle system considering the 
transportation capacity restrictions. They mention that the main objective in feeding the parts to the 
production line is to ensure the efficiency of the logistics processes; stating that one of the key 
problems according to the just-in-time principle is to retrieve the parts in their respective unit loads 
from a central storage system until they are assigned to the designated assembly locations, with the 
proper transportation tour. They state that the exact timing in the material supply is of utmost 
important to avoid interruptions in the production line.  

One of the closest articles to the research topics addressed in this project but more focused in tow-
trains sizing and supermarket design, [7], presents the line feeding problem and models the logistics 
between a central supermarket area and the production lines of an Italian automotive company 
considering different alternatives.  

2.2. High product mix and low-volume production 
Low-volume assembly lines with a high amount of product variants are characterized by a large 
amount of manual processes, buffer space constrains, specialized resources and external suppliers 
[2]. As stated by Ziarnetzky, low-volume serial production is usually characterized by a small number 
of typically large-sized objects with a big number of necessary processing steps. The characteristics of 
the products usually need a high level of customization, often including a complex bill of materials, 
multiple routes and a high degree of parallelism. The processing times usually rely on the amount 
and skills of the necessary workers; the degree of automation is often low mainly due to many labor-
intensive processes. The major sources of complexity of this kind of production are the high 
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customization, the high amount of involved suppliers, the necessary highly skilled workforce, the 
learning curve of the staff and the spatial constrains for systems objects. The resources are usually 
mobile and workers and auxiliary resources are important. Finally buffers are also a major constrain 
due to the size of the system objects. Golz [3] states that the main problems related to production 
systems with a high product mix in the automotive sector are: to determine a proper configuration of 
the production lines regarding the equipment and processes of the different stations, to have the 
production lines balanced according to the expected production and the master production schedule 
for individual models over a short-term planning, and the production sequencing and resequencing 
in case of disruption and the material flow control.  

The related literature to this kind of high product mix and low-volume production systems regarding 
the layout, production lines and logistics has been deeply studied. In most of analyzed papers some 
of the problems mentioned above are addressed specifically, sometimes analyzed from an overall 
perspective but few of them including the layout, logistics and production lines of these high product 
low-volume production systems. Most of the relevant papers analyzed are related to the automotive 
sector. Several authors focus mainly on the balancing problem of the different process involved in 
the production lines and many others mainly focus on the production sequencing [1, 8-11]. Due to 
the specific case of this project, it is not easy to find related papers on similar production systems, 
hence, the ones found related to the automotive sector have been utilized as a reference due to the 
similarities in high product mix and low-volume production. 

The main characteristics and limitations of different automation, production and logistics methods in 
the manufacturing sector have been deeply analyzed by Groover [12]. A complete study in the 
automotive sector of a mixed-model assembly line focused in the logistics including an optimization 
is presented by Wenping [10]. Battini [6] defines an interesting integrated approach to parts and 
components management to optimize the centralization degree of warehouses to minimize storage 
costs and to choose the right feeding policies. Ende and Boysen [13] summarized the problem of 
locating the logistics areas optimally to facilitate just-in-time supply of mixed-model assembly lines. 
According to these authors, in modern-day production systems there is an increasing challenge to 
feed mixed-models production lines due to the ever rising product variety. They propose a 
mathematical model with an exact dynamic algorithm to discuss the pros and cons of the 
supermarket-concept.  

The concept of supermarket can be defined as a decentralized in-house logistics area close to the 
assembly lines that serves as immediate storage for parts delivered with a just-in-time approach [13]. 
Faccio [7] provides a framework to design the supermarket and feeding system to automotive mixed-
model assembly lines. In this case the decision of choosing a central kitting area to supply all the 
production lines was based on the amount of required place on the shop floor. Both possibilities of 
having the storage areas needed to feed the lines located in a dispersed manner by every production 
line or having a central storage supermarket area were analysed. It was demonstrated that the 
second option, the central area supermarket, would free much more space especially by the 
production lines and would reduce drastically the traffic around the production lines where usually 
operators have to walk around. Many manufactures around the globe are adopting this supermarket 
concept to supply parts to the assembly lines. 
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In the field of the line feeding problem including the proper in-house transportation method and 
route as well as considering different types of production lines (with different automation levels) not 
much literature has been found. One of the closest articles involving these three principles is 
presented by Battini [6], who introduces the line feeding problem and analyses different solutions of 
optimally locating in house logistics areas to facilitate JIT-supply of mixed-model assembly lines but 
without considering different production methods for different lines neither the shop floor layout.  

Summarizing, even though there is an extensive literature in production (especially in the automotive 
sector), in the field of production logistics including different types of in-house transportation 
methods and routing, as well as considering the layout and different types of production lines, not 
much literature has been found beside the analysed here. 

2.3. Simulation-based Multi-objective Optimization 
Simulation is an analytical tool to create, maintain, evaluate or improve a system or process. It is the 
imitation of the operation of a real-world process or system over time and presents a huge potential 
for manufacturing process development and improvement [14, 15]. 

It has been demonstrated that simulation techniques are the most suitable approach for process 
improvement of complex systems with high variability. The variability and difficulty of the processes 
within complex systems demand the analytic power of DES. One of the more highlighted 
characteristics of DES studies is the possibility to apply “what-if” questions or scenarios to the 
existing systems without disturbing them. Within these scenarios new alternatives, ideas, systems 
and work proceedings can be tried out without disturbing the real system, or be developed even 
before a system is constructed [16]. 

Since simulation is not an optimization tool by itself, a step that combines simulation and 
optimization is required when several possible combinations of the system are analysed. 
Traditionally, simulation and optimization have been considered as different approaches in the 
operational research domain, but they are many times integrated  and finally the concept is to use 
the detail system behaviour of simulation in combination with the ability of optimization to reach an 
optimal or close to optimal solutions [16]. It has been demonstrated that the combination of 
optimization and simulation tools allows decision makers to quickly determine optimal system 
configurations, even for complex integrated facilities [17]. When multiple objectives are 
simultaneously considered, Simulation-based Multi-objective Optimization (SBO) is the most 
promising approach. SBO facilitates the search for trade-offs between several conflicting objectives 
[18]. 

Depending on the type of problem to analyse, there are different optimization methods that can be 
used in combination with simulation, of which several are presented by Figueira and Almada-Lobo 
[16]. Different authors have described how simulation and optimization techniques applied together 
have improved production or material handling systems. Nevertheless, there are not many cases 
found in the literature where DES and SBO are applied together to support the design and/or 
development of production and logistics systems of high product mix and low volume production. 
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3. Research methodology and plan 
In this chapter the proposed methodology for the development of this project followed by the 
research questions and the research plan are presented. 

3.1. Research methodology 
The proposed methodology of this research is based on the Design and Creation research strategy  
[19, 20]. The election of this research strategy is based on the creation aspect of the aim of this 
project, to create a guideline to support the improvement and optimization of middle size 
manufacturing systems with high product mix and a low-volume of customized products, addressing 
different kinds of production and logistics systems and considering the configuration of the shop 
floor layout. Another reason to base the election of this research strategy is the need of a methodical 
documentation of the procedures implemented in the different steps of this project, in order to 
produce a properly defined and evaluated artefact. 

The proposed artefact to be created as part of this methodology is the mentioned guideline for 
system improvement of high product mix and a low-volume of customized products manufacturing 
systems. This artefact will be also based on the simulation methodology presented by Banks [21] that 
relays on DES and SBO tools to address the analysis and improvement of different logistics and 
production system considering the shop floor layout. For showing the industrial applicability of the 
methodology, it will be implemented in different case studies together with the industrial partner. 
The main principles of the proposed research strategy are presented here: 

• Design as an artefact 
• Problem relevance 
• Design evaluation 
• Research contributions 
• Research rigour 
• Research as a search process 
• Communication of research  

 
Going through these principles and deeply analyzing the problem description of this project, this 
research strategy should be the research framework for the application of simulation and 
optimization approaches for the system improvement presented. In the following Figure 1, the 
research framework is defined by its interrelations of the three main bodies that can be included in 
this research (Environment, Design Science and Knowledge Base): 
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Figure 1: Information systems research framework [22] 

The first main body to consider in this research strategy is the environment, which in this case it is 
the existing technology present in the manufacturing sector and its evolution to new systems and 
capabilities. This actual and potential environment is the main input to the development phase of the 
project together with existing knowledge base and the previously defined problem description. The 
knowledge base is mainly compounded by foundations and methodologies; within the foundations, 
all the explicit research and industrial material and information should be considered; within the 
methodologies, the different measures to evaluate the base of the implementation, the formalisms 
and the validation of the analyzed knowledge should be addressed.  After that, during the 
development phase, iteration between new suggestions to be implemented, the development phase, 
experimentation and its evaluation should be performed until the achievement of a solid conclusion. 
If the achievement of the conclusion is satisfactory enough, that knowledge should return to the 
knowledge base and to the environment bodies to enrich them, closing the cycle of the base of 
research and design science. 

To finalize, a proper evaluation of the overall project should be performed to address the fulfillment 
of its purpose. Consequently the documentation and data generation phases could be implemented, 
including in this case, case study implementations and real result data, useful for the industrial 
partner and used for the assessment and evaluation of the research project. 
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3.2. Research questions 
The related research questions this project is aiming to address are: 

• How can an efficient continuous flow production be achieved having a high product mix and 
low-volume production? 

• Which production logistic concepts are more advantageous considering production layout 
and throughput when having a high product mix and low-volume production? 

• How can we achieve an optimal combination of production and production logistic systems 
for different product family? 

• Which combination of production and production logistic systems is the best trade-off 
solution for a high product mix and low-volume production considering production layout, 
high flow efficiency and resource utilization? 

Combining the aim and objectives that compound this project, these questions should be addressed. 
The two main approaches in which this project will be based are DES and SBO. The area is very 
interesting for the Swedish industry due to many plants in the country has a long history and are not 
flow-optimized. This fact limits the potential capacity of the production, competitiveness and growth 
of the Swedish industry. 

3.3. Research plan 
The proposed plan for this PhD project is presented in the following figure 2. In the left part of the 
figure it is possible to see the time period that this research would preliminary take. On the headings 
of the upper row of the table is it possible to appreciate the main division of tasks: literature survey, 
case studies and experiments I and II, thesis writing and conference and journal papers. At the 
Ecuador line of this project the thesis proposal or licentiate is programed. 
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Figure 2: Research plan 

3.4. Expected outcome 
The outcome of this research should be an analysis presented in form of a guideline addressing 
different kinds of production and logistics systems considering the configuration of the shop floor 
layout to make similar middle-size manufacturing systems with high product mix and a low-volume 
of customized products work more efficiently. This analysis should be supported by DES and SBO 
techniques and should be complemented by real world case studies that support and validate it 
giving some benefits to the mentioned industrial partner. Besides the aim of this project, the 
presented objectives should also be addressed in the outcome of this project:  

• Investigate the state of the art of simulation and optimization for system improvement in 
production, logistics and layout of high product mix and a low-volume of customized 
products manufacturing systems. 

• Support with simulation and optimization the election, design and development of new 
production and logistics systems. 

• Find the potential and key parameters for the improvement and optimization of production 
and logistics flows considering the shop floor layout. 

The combination of a guideline with industrial case studies can be a really useful tool to increase the 
production and efficiency of similar middle-size manufacturers around the world. Supporting this 
guideline with simulation and optimization, the trial and validation of potential improvements of the 



13 
 

system can be implemented without the need of interrupting it or even working in the design phase 
of new systems to be constructed. The potential results of this research can serve to stakeholders 
and decision makers to increase the productivity and efficiency of different and complex production 
systems with high product mix and a low-volume of customized products around the world. 
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