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 Abstract 

 
Increasing competition from traditional and emerging channels has placed new emphasis on 

rapid innovation and continuous differentiation in every aspect of supply chain, from earliest 

production stage to the final distribution steps. To bridge the gap between brilliant ideas and 

successful business initiatives, leading companies implement engineering simulation particularly 

in logistics and supply chain management (LSCM). Discrete event simulation (DES) and system 

dynamics (SD) are two modeling approaches widely used in this field. However there are not 

much done researches about the applications of these simulation approaches in supply chain 

context of Swedish Manufacturing Industries (SMI). This study explores the application of DES 

and SD in LSCM of SMI by looking at the nature and level of issues modeled. Journal papers 

and master theses that use these modeling approaches to study supply chains, published between 

1990 and 2012 are reviewed. A total of 39 articles are analyzed to identify the frequency with 

which the two simulation approaches are used as modeling tools in LSCM of SMI. Our findings 

suggest that DES has been used more frequently to model supply chains in SMI. The results also 

show that not all the LSCM issues have been addressed evenly and generally tactical/operational 

issues have been modeled more frequently. The results of this study inform the existing literature 

about the use of DES and SD in LSCM of SMI. 

 

Keywords: Discrete event simulation, System dynamics, Logistics and supply chain 

management, Swedish manufacturing industries, Simulation modeling, Innovation. 
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1. Introduction 
World Economic Forum 2010 competitiveness index ranks Sweden 2nd most competitive, 

behind Switzerland [61]. Increasing competition from traditional and emerging channels has 

placed new emphasis on rapid innovation and continuous differentiation in every aspect of 

supply chain, from earliest production stage to the final distribution steps. To bridge the gap 

between brilliant ideas and successful business initiatives, leading companies in Swedish 

manufacturing industries (SMI) implement engineering simulation, particularly in logistics and 

supply chain management (LSCM). Discrete event simulation (DES) and system dynamics (SD) 

are two modeling approaches widely used in this field. However, an organized and conclusive 

review of simulation modeling efforts does not yet exist. This thesis tries to explore the 

application of DES and SD in LSCM context of SMI with a view to identifying the nature and 

level of their use. The nature of use is defined in terms of the type of LSCM issues modeled 

using DES and SD. The level of use refers to where on a continuum between strategic and 

operational/tactical the LSCM issue being addressed lies. These information is used later to 

answer research questions about the more frequently used approach, more frequently addressed 

issue and the focus of modeling studies in operational-strategic spectrum.  

Research’s contribution is three parts. First, it sheds light on simulation modeling efforts of 

LSCM issues in SMI. Second, it brings useful insights about classification of LSCM issues from 

simulation modeling point of view. Thirdly it informs the existing literature, industries involved 

and newcomers to this field about the use of DES and SD in LSCM of SMI. 

Around 39 Journal articles and master theses that published between 1990 and 2012 and report 

the application of simulation models in LSCM of SMI were identified through searching the 

scientific databases. Founded articles were reviewed to identify the addressed LSCM issues 

which later classified into a 17-category schema devised by A.A.Tako and S.Robinson [1]. This 

classification was later used to compare the different LSCM issues based on the frequency of 

use. The focus of applications was examined later based on where on the continuum between 

strategic and operational/tactical the majority of addressed issues laid. 

The rest of this thesis is structured as follows. In the next section, the theoretical background 

about the significance of simulation, discrete event logistics systems and modeling approaches 

are presented. This is then followed by a description of the review approach taken, including the 

identification of journal articles and the simulation approach adopted, the creation of a schema 

for classifying the LSCM issues modeled, and the identification of whether these issues lie 

within the strategic, tactical or operational level. The results of the literature search are presented 

in Section 4. Chapter 5 shows the analysis of the result and a short discussion. Finally, Section 6 

concludes the paper, including suggestions for further work. 

1.1 Aim of study 
According to Teknikföretagen, Swedish manufacturing industries (SMI) included 3600 

companies with nearly 300,000 employees account for nearly half of Swedish goods exported. 
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Simulation can dramatically reduce a product’s time to market, mitigate the risk of change 

management and even help to protect brand images. Not investing in engineering simulation 

could put organizations at a competitive disadvantage. Two widely used simulation methods in 

logistics and supply chain management (LSCM) of SMI are discrete event simulation (DES) and 

system dynamics (SD). 

The aim of this study is to describe the use of DES and SD as simulation modeling approaches in 

LSCM of SMI, looking specifically into the nature and level of issues modeled. This study tries 

to help new comers to this field and corresponding companies and industries to get better picture 

of simulation modeling efforts in SMI. 

1.2 Problem Statement 
The study is based on a review of journal articles that describe the application of DES and SD to 

LSCM issues in SMI and tries to answer the following three research questions: 

Which method has been applied more? 

What are the most frequently addressed LSCM issues? 

How is the distribution of applications over tactical-strategically continuum? 

The answer to these questions bring useful insights about different simulation approaches used in 

the field of logistics and supply chain modeling of Swedish Manufacturing Industries. 

1.3 Research delimitation 
The search included journal articles, conference papers and Master Dissertations published 

during the 22 years period, between 1990 and 2012. The search was limited to journal papers, 

master dissertations and conference papers and no books were included. Given that the aim of 

this study is to explore the DES and SD modeling work in LSCM, other simulation approaches 

such as agent-based modeling and Monte Carlo simulation have been waived. In addition, 

Swedish manufacturing industries here imply all Sweden-registered companies. This is simply 

found by asking whether company involved is located in Sweden! 
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2. Theoretical Background 
In this chapter, Swedish Manufacturing Industries (SMI) is presented shortly and the importance 

of simulation for their Innovation and competitiveness is explained briefly. Definition and 

purpose of simulation modeling comes next and its functioning in discrete logistics systems is 

elaborated thereafter. This is then follows by simulation modeling main methods for Discrete 

Logistics Systems included system dynamics and discrete event simulation and their subtypes. A 

short comparison between two approaches in terms of framework and use comes at last.         

2.1 Swedish Manufacturing Industries (SMI) 
Sweden's world-class domestic industries created in the 17th century from its vast natural 

resources of forests, rich iron ore and waterpower. Over the course of the 20th century, Swedish 

industry has developed from traditional sectors with lower added value, such as wood and iron 

ore processing, to modern industries with a higher degree of skill and technology input, such as 

automobiles and precision and specialized engineering. The change of priorities became even 

more apparent in the 1990s, with the emergence of new research-intensive industries, such as 

information technology and pharmaceuticals, which replaced the more traditional engineering 

industries as the driving force of growth and business activity [58]. 

During this transition, some sectors, like textiles and iron, contracted considerably while others, 

such as shipbuilding, have all but disappeared, but Swedish restructuring has been smooth in 

terms of economic and social stability. By 2000, major industries included information 

technology (telephone, radio, and computer equipment), communications, pharmaceuticals, 

precision equipment (bearings and armaments), high-quality steel, automobiles, electrical motors 

and other electrical equipment, printed and published goods (including software and popular 

music), home and office furnishings, and processed foods. Most of the manufacturing plants are 

private and small, though Sweden also accounts for 29 of the 500 largest companies in Europe, 

perhaps the highest number per capita in the world). Several of the world's most sophisticated 

and diversified engineering companies bear Swedish names, although many of them are now 

foreign-owned or in multinational cooperation. They include, among others, Volvo, Saab, 

Scania, Electrolux, SKF, and ABB. The most dynamic sector by the late 1990s was 

telecommunications and information technology, with Ericsson being the most outstanding 

company in that field [58]. 

The automotive sector, one of the most important industries, has lived through major changes in 

the 1990s due to global restructuring and consolidation. General Motors acquired a 50 percent 

equity stake in Saab in 1989, and GM acquired the remaining stake in 1999. In 1999, Volvo sold 

its car division to the Ford Motor Company. Volvo shifted gears to concentrate on commercial 

transport equipment, and in 1999 acquired 75 percent of Scania, the second major Swedish truck 

maker. Volvo thus became one of the world's largest manufacturers of heavy vehicles. Sweden 

also is a major manufacturer of pharmaceuticals; its Pharmacia Company merged in 1995 with 
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the U.S. group Upjohn, while Astra merged in 1998 with British Zeneca, to form AstraZeneca 

[58]. 

During the 1990s, the information technology industry has been by far the fastest-growing sector 

in Sweden. In 1999, the country had more than 250 information technology companies 

(including foreign-owned ones) with annual revenue of more than US$10 million, and a huge 

number of smaller ones. By far the largest of them was Ericsson, with net sales of US$26 billion 

in 1999. Telia was its second largest company, in net sales and employees. Many important 

international information technology companies, including Intel, Microsoft, Hewlett-Packard and 

Nortel, have chosen Sweden as the base for their European operations or for advanced research 

and development [58]. 

The 20 largest Sweden-registered companies by turnover in 2007 were Volvo, Ericsson, 

Vattenfall, Skanska, Sony Ericsson Mobile Communications AB, Svenska Cellulosa 

Aktiebolaget, Electrolux, Volvo Personvagnar, TeliaSonera, Sandvik, Scania, ICA, Hennes & 

Mauritz, Nordea, Preem, Atlas Copco, Securitas, Nordstjernan and SKF [59]. 

2.2 Innovation and competitiveness in SMI 
According to Teknikföretagen, SMI included 3600 member companies with nearly 300,000 

employees account for nearly half of Swedish goods exported. Swedish companies also have a 

large local production in growing markets such as China, India and Brazil, which supplements 

the exports from Sweden [60]. 

For Sweden’s part, sales and production on growing markets have made industrial activity in 

Sweden more knowledge-intensive. This is shown by the fact that Swedish engineering 

companies have clearly more white-collar than blue-collar employees. At the same time, 

company activities are increasingly integrated across national boundaries and global corporate 

cultures are being cultivated [60]. 

World Economic Forum 2010 competitiveness index ranks Sweden 2nd most competitive, 

behind Switzerland [61]. In addition Sweden is considered to be one of the most advanced 

countries in terms of innovation. According to the book, The Flight of the Creative Class, by the 

U.S. urban studies, Professor Richard Florida of University of Toronto, Sweden is ranked as 

having the best creativity in Europe for business and is predicted to become a talent magnet for 

the world’s most purposeful workers. The book compiled an index to measure the kind of 

creativity it claims is most useful to business — talent, technology and tolerance [62]. Definitely 

high creativity and innovation has been one of the main reasons which help SMI to maintain this 

level of competitiveness. Simulation in its turn is one of the tools which contribute a lot to 

facilitation of innovation process in SMI. 
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2.3 Simulation: a tool for Innovation 
With SMI companies betting their futures on product and process development, the cost of being 

wrong and the value of being right have never been greater. External market conditions are 

squeezing the margin for error to the point where they cannot afford (and maybe not even 

survive) even one instance of being wrong. At the end of the day, executives at every level need 

to have confidence that the product and process they envisioned is the ones that makes it to 

market. 

In addition, today's declining price points and margins have forced manufacturers to drive costs 

out of every aspect of their supply chain, from earliest production stage to the final distribution 

steps. At the same time, increasing competition from traditional and emerging channels has 

placed new emphasis on rapid innovation and continuous differentiation. 

To bridge the gap between brilliant ideas and successful business initiatives, leading SMI 

companies implement engineering simulation. Simulation is a method which contributes to 

innovation process by facilitation of virtual experimentation. Joe Tidd and Scott Isaksen in their 

book “Meeting the Innovation Challenge” name the Visualization as a tool for innovation 

management and define it as “a method that consists of creating a mental image of a desired 

outcome, and repeatedly playing that image in the mind [63]”. 

Simulation can dramatically reduce a product’s time to market, mitigate the risk of change 

management and even help to protect brand images. Not investing in engineering simulation 

could put organizations at a competitive disadvantage. 

2.4 Simulation Modeling 
Simulation modeling, which mimics the real-world experiment, can be seen as virtual 

experimentation, allowing one to answer questions about the behavior of a system. As such, the 

particular technique used does not matter. Whereas the goal of modeling is to meaningfully 

depict a system presenting information in an understandable, re-usable way, the aim of the 

simulation is to be fast and accurate. A simulation model is a tool for achieving a goal (design, 

analysis, control, optimization . . .) [52]. Therefore a fundamental prerequisite is some assurance 

that conclusions drawn from modeling and simulation (tools) can be accepted and applied with 

confidence. The establishment of this confidence is associated with two distinct activities; 

namely, verification and validation [51]. 
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The simulation activity is part of the larger model-based systems analysis approach. A simple 

Figure 1. Simple process model for simulation activities [51] 
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process model for these activities is depicted in Figure 1. The approach starts by identifying an 

Experimental Frame. The frame determines the experimental conditions under which the 

modeler wants to investigate the system. It reflects the modeler's goals and questions, possible 

inputs to the system, output processing and depiction of the conditions under which the system 

(be it real or modeled) match. Through structure characterization, the appropriate model structure 

is selected based on a priori knowledge and measured data. A suitable model can be built and 

subsequently, during model calibration, parameter estimation makes optimal parameter values 

for reproducing a set of measurement data. From the model, a simulator is built. With every use 

of the simulator, this question must be asked whether the model has predictive validity: is it 

capable not only of reproducing data which was used to choose the model and to estimate 

parameters but also of predicting new behavior? The user determines whether validation is 

included in the process. In Figure 1, the feedback arrows indicate the correction process of 

modeling errors at each stage [51]. A desirable feature of the validation process is the ability to 

provide hints to the location of modeling errors [53]. Simulation modeling is often used in supply 

chain context especially as virtual experimentation. Since the focus of study is about Swedish 

manufacturing industries, next section investigates their supply chain context from systemic 

point of view. 

2.5 Discrete event logistics system 
Modeling LSCM issues of manufacturing industries is classified as DELS issues. Networks of 

resources, through which goods and people flow, are called Discrete Event Logistics System 

(DELS). The term logistics refers to the fact that there are physical flows. Each node of the 

network corresponds to some resource or set of resources by which the materials are either 

converted in some way, i.e., refined, shaped, assembled, disassembled, etc., moved, i.e., 

transported within one facility or between facilities, or simply held for some period of time as 

work-in-process (WIP) or stored in a warehouse. Material handling and transportation are key 

components of DELS. DELS can be found in such domains as transportation, distribution, and 

manufacturing. DELS are discrete because they move material in discrete quantities, and because 

their behavior can be characterized effectively in terms of events happening at discrete points of 

time, i.e., the start or end of some conversion, transport, or storage process. While logistics 

systems are typically discrete, the term ‘‘discrete’’ refers to the fact that DELS are not related to 

production logistics in process industries, i.e., for example, in manufacturing processes inside a 

refinery. A DELS may range from simple to complex. They may take the form of a single 

warehouse, a portion of a factory, a complete factory, or a global supply network [2]. 

There are several examples of DELS in related literatures. The wafer fab which produces 

integrated circuits (also called chips) is one of them. A semiconductor chip is a highly 

miniaturized, integrated electronic circuit consisting of thousands of components. Semiconductor 

manufacturing starts with thin discs, called wafers, made of silicon or gallium arsenide. A large 

number of usually identical chips can be produced on each wafer by fabricating the electronic 

circuits layer by layer in a wafer fabrication facility [2]. Wafer fab consists of hundreds of 
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machines ([44]) and a sophisticated automated material handling system (AMHS) ([45]). Lots 

are the moving entities within wafer fab. The routes of the lots contain several thousands of 

processing steps. Consequently, the cycle time of the lots is between four and six weeks. Wafer 

fabrication is widely considered to be amongst the most difficult of all manufacturing 

environments ([46]). 

2.6 System theory point of view on discrete event logistics systems 
In order to get a unified framework for DELS, system theory point of view is used. According to 

Grochla [48], an enterprise can be decomposed into the following subsystems: 

 

- Base system 

- Operative system 

- Control and monitoring system  

Susbsystem Description

Base system Responsible for transferring 

commodities into products in course of 

rendering goods and services. 

Represents the resources and also the 

working objects

Operative system Immediate planning, control, and 

monitoring of the base system

Control and Monitoring System Calculation of control instructions to 

connect the operative system with the 

planning system. Because of the longer 

horizons in the planning system, 

aggregation and disaggregation 

functionality is provided by the control 

and monitoring system

Planning system Calculation of plans that are used to 

fulfil the goals of the enterprise taking 

information from the environment and 

the remaining subsystems into account

Table 1

Decomposition of an enterprise into subsystems.
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- Planning system 

The functionality provided by the different subsystems is sketched in Table 1. The obtained 

decomposition of a single enterprise is shown in Figure 2. It is possible to associate each of the 

subsystems to a specific process in manufacturing related context. The base process for example 

corresponds to the operations and transformation process of raw material into final goods. The 

planning system supports strategic planning and parts of the management control, while the 

Figure 2. Decomposition of an enterprise into subsystems [2] 
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control and monitoring system supports management control and also parts of the operational 

control. The operative system finally supports the operational control that is closely related with 

base system and base process related decisions. However it is not possible to separate these 

subsystems on the course of one operation or activity. Manufacturing systems could have two or 

more of them in one unit or subsystem. 

Note that DELS is a network of nodes that each is an enterprise and can be decomposed into 

subsystems. In this situation the different subsystems that correspond to different nodes of the 

network are typically distributed. 

2.7 Modeling for Discrete event logistics system 
Taking a simulation point of view, the term modeling refers mainly to modeling the base system 

and operative system and to a lesser degree, to modeling the planning system and the control and 

monitoring system [2]. But it is not always possible to model all these subsystems at the same 

level of detail. For example job release times or rates are usually assumed as given when their 

impact on cycle time is investigated by simulation modeling. Of course, job releases are a result 

of a decision made by the planning system. Thus, in this case, the planning system is not 

modeled in detail, but is represented by a relatively crude approximation [2]. It is the same 

summarization when dispatching rules are chosen from predefined options in simulation blocks. 

These rules like FIFO could be much more complex that needs to be modeled separately. 
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Since DELS is a network of nodes, it could be modeled by different degree of abstraction and 

integration. The simulation model could depict a subsystem of a node, a vertical integration of 

Figure 3. Subsystems/Submodels of a DELS model [2] 
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subsystems of a node or a horizontal integration of more than one node. However more 

integration means more complexity. Having planning and operational subsystems in a model is a 

horizontal integration and depiction of distribution, warehouse and production in a model is an 

example of vertical integration. A model can also have detailed planning and operational 

subsystems of warehouse and production nodes together which makes it high complex. 

There are approaches in the literature that address the modeling of supply chain networks. Two 

widely used approaches are System Dynamics (SD) and Discrete Event Simulation (DES) that 

are described in next section. 

2.8 System dynamics modeling 
System Dynamics is a computer-aided approach, initially called “Industrial Dynamics” 

(Forrester 1961) developed from the work of Jay W. Forrester at the Massachusetts Institute of 

Technology. Forrester (1961) defines Industrial Dynamics as”…the study of the information 

feedback characteristics of industrial activity to show how organizational structure, amplification 

(in policies), and time delays (in decision and actions) interact to influence the success of the 

enterprise. It treats the interactions between the flows of information, money, orders, materials, 

personnel, and capital equipment in a company, an industry, or a national economy”[47]. 
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The application of System Dynamics Modeling to Supply Chain management has initiated by 

Industrial Dynamics Model of Forrester (1961). ‘Forrester Model’ is a production-distribution 

system described in terms of 6 interacting flow systems, namely the flows of information, 

materials, orders, money, manpower, and capital equipment [47]. 

Figure 4. Forrester Classic Supply Chain Model [47] 
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Figure 4 shows the Forrester Classic Supply chain model that was used in his simulation 

experiments. “There is a downstream flow of material from the factory via the factory 

warehouse, the distributor and the retailer to the customer. Orders (information flow) flow 

upstream, and there is a delay associated with each echelon in the chain, representing, for 

instance, the production lead time or delays for administrative tasks such as order processing 

[47]”. This Model was developed and improved over the years and applied to issues evolving 

around supply chain management. In the other word, SD is a well-established method with 

already defined models for supply chain issues like Inventory Management and Demand 

amplification (Table 2).  

Table 2. A Taxonomy of Research and Development on System Dynamics Modeling in Supply 

Chain Management [47] 

Category 

Research Areas 

Research: 

Modelling for 

Theory 

Building 

Practice: 

Modelling for 

Problem 

Solving 

Putting Research 

into Practice: 

Improving the 

Modelling Approach 

Inventory Management (b) (b),(c)  

Demand Amplification (b) (b)  

Supply Chain Re-

Engineering 
 (a),(b),(c) (a),(b),(c) 

Supply Chain Design (a) (a),(b),(c) (a),(b),(c) 

International SCM (a) (a),(b),(c) (a),(b),(c),(d) 

Key to Table 2: Techniques and Methods applied 

(a) Causal Loop Diagramming 

(b) Continuous simulation 

(c) OR techniques 

(d) Discrete simulation 

According to B. J. Angerhofer and M. C. Angelides in their research review [47], System 

Dynamics Modeling has mainly three techniques that are used for problem solving in Supply 

Chain Management area: (a) Causal Loop Diagramming, (b) Continuous simulation and (c) OR 

techniques. 
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2.8.1 Causal Loop Diagramming 

Causal loop diagramming (CLD) is a fundamental tool used in system dynamics. It is the causal 

loop diagram’s unique ability to identify and visually display sophisticated processes and root 

causes. Every system behaves in a particular manner due to the influences on it. Some of these 

influences can be modified, some cannot, and some can diminished. Causal loop diagrams bring 

out the systematic feedback in processes by showing how variable X affects variable Y and, in 

turn, how variable Y affects variable Z through a chain of causes and effects. By looking at all 

the interactions of the variables, the behavior of the entire system is recognized. With a CLD, a 

practitioner no longer needs to focus only on one interaction between two variables, but can 

focus on the whole system, along with its many variables and its many causes and effects [57]. 
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CLDs consist of arrows connecting variables that show how one variable affects and impacts 

another variable. Additionally, each arrow in a CLD is labeled with a minus or plus sign. The 

minus sign denotes that the first variable causes a change in the opposite direction in the second 

variable. A plus sign is used to signify that a change in one variable causes the second variable to 

change in the same direction (Figure 5) [57]. 

In causal loop diagrams, the arrows come together to make loops, and each loop is labeled with 

an R or B. R means reinforcing (i.e., the causal relationships within the loop create exponential 

growth or collapse). For instance, the more a person drives their car, the more gas they use and 

as they consume more gas, they spend more money to buy the gas and so on, in a vicious, 

Figure 5. An example of Causal loop diagramming (CLD) [57] 
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upward spiral. B means balancing (i.e., the causal influences in the loop keep things in 

equilibrium, or in balance. For example, as a person spends more money on gas, they begin to 

find more and probably cheaper alternative methods of transportation (walk, take the bus, etc.) 

and as they do this, they spend less money on gas [57]. Figure 5 shows a CLD describing the 

impact of different factors on an organization that suffers from lack of productivity. 

2.8.2 Continuous Simulation 

Continuous modeling is the mathematical practice of applying a model to continuous data (data 

which has a potentially infinite number, and divisibility, of attributes). These models have often 

mathematical equations which fit the problem assumptions. In simulation of continuous models, 

time advances in equal steps and model equations and values are recalculated at each time step. 

Many LSCM parameters with continuous data like inventory, demand, cost, etc. could be 

modeled using continuous simulation modeling. 

Depending on the problem, different software and toolboxes have been developed. Simple 

problem could be modeled even with Microsoft excel. Middle class issues could be modeled 

with simulation toolbox of Matlab. However there is plenty of simulation software that can solve 

complex continuous models. These packages usually have predefined blocks for arithmetic 

operations and statistical distributions. 

2.8.3 OR Techniques 

Operations Research (OR) is a discipline that deals with the application of advanced analytical 

methods to help make better decisions. Employing quantitative techniques such as Linear 

Programming, Game Theory, Integer Programming, Nonlinear Programming, etc. , OR arrives at 

optimal or near-optimal solutions to complex decision-making problems. In supply chain 

management context, OR is often concerned with determining the maximum (of profit, 

performance, or yield) or minimum (of loss, risk, or cost) of some enterprises. Barely some of 

LSCM strategic issues like supplier selection are modeled by the use of other techniques like 

Game Theory. 

Like continuous simulation there is a plenty of software packages with predefined functions that 

are used to model OR problems. Some of them like Excel and Matlab are applicable in 

continuous simulation also. Nevertheless Lingo, Lindo and SAS are among the OR special 

packages.  

2.9 Discrete Event Simulation 
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For a class of simulation modeling called discrete-event, system models are depicted at an 

abstraction level where the time base is continuous, but during a delimited time-span, only a 

finite number of relevant events take place. These events can cause the state of the system to 

change. In between events, the state of the system is fixed. This is unlike continuous models in 

which the state of the system may alter continuously over time [49]. 

The simple example system shown in Figure 6 will be used to illustrate above-mentioned 

concepts. At the physical level, the system consists of a cashier serving arriving customers, one 

at a time. Customers stay in a queue if the cashier is not available (serving another customer). 

Here, the state of the system composed of the states of the queue and the cashier. The queuing 

discipline is First in First out (FIFO) and individual customers are assumed not to have any 

distinguishing features (such as age, or number of items bought). Thus, it is meaningful to model 

the state of the queue by means of the queue length, a natural number. The cashier can be in 

either the Idle or the busy state. The dynamics of the system is determined by: 

- the arrival pattern of customers characterized by their Inter Arrival Time (IAT) 

distribution, 

- the time required by the cashier to serve a customer characterized by the Service Time 

(ST) distribution, 

- the logical sequence of customers proceeding through the system under different 

conditions (queue empty/not empty, cashier Busy/Idle). 

Figure 6. A simple system [49] 
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Discrete-event modeling is clearly at a high level of abstraction. This abstraction is often 

appropriate for realistic representation of a system's behavior. In addition, as in between events, 

the state of the system does not change, a discrete-event simulator need not explicitly represent 

the state of the system at non-event times. This allows for highly efficient simulation comparing 

to continuous simulation, where principally; state information must be shown at each point in 

continuous time-span [49].  

Figure 7. Different discrete formalism [50] 

[50] 
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Based on different time flow mechanism and system state changing algorithms, several discrete 

formalisms have been developed.  Figure 7 gives an overview of the relationships between 

different” discrete formalisms. On the left hand side, formalisms are shown whose time flow 

mechanism is a fixed time advance. On the right hand side, formalisms with a discrete event time 

flow (clock advances to event times only) are shown [50]”. Exploring the all formalisms and 

their modeling algorithm is beyond the scope of this research. Interested readers are referred to 

Hans Vangheluwe (2001) [50]. 

2.10 SD and DES: Comparison and use 
Discrete event simulation (DES) and system dynamics (SD) are two modeling approaches widely 

used as decision support tools in logistics and supply chain management (LSCM). Simulation 

models, in both DES and SD, are usually built to understand how systems behave over time and 

to compare their performance under different circumstances [54]. Some technical differences 

exist between the two modeling approaches related to their underlying principles. For example, 

DES models systems as a network of queues and activities where state changes occur at discrete 

points of time, whereas SD models represent a system as a set of stocks and flows where the 

state changes occur continuously over time [55]. In DES entities (objects, people) are 

represented individually. Specific attributes are assigned to each entity, which determine what 

happens to them during the simulation. On the other hand, in SD individual entities are not 

specifically modeled, but instead they are represented as a continuous quantity in a stock. DES 

models are generally stochastic in nature, where randomness is represented by the use of 

statistical distributions. SD models are generally deterministic and variables usually represent 

average values. In DES state changes occur at irregular discrete time steps, while in SD state 

changes are continuous, approximated by small discrete steps of equal length. [1] 

DES and SD have both been used to model a wide range of LSCM issues. “Evidently, DES and 

SD are capable of modeling the complexity and uncertainty inherent in LSCM environment. 

They are powerful techniques that can be integrated in LSCM to undertake “what if” analysis 

with a wide range of scenarios [1]”. According to A. A. Tako et al. [1] DES is used more 

frequently than SD for supply chain modeling and the use of DES in LSCM context is growing 

at a faster rate. 

There is a general belief that SD modeling is more suitable for modeling at a strategic level and 

DES at an operational/tactical level. However, based on the literature review done by A. A. Tako 

et al. on the journal papers identified in the period (1996–2006); “in terms of application of DES 

and SD to support decisions at a strategic or operational/tactical level, there is little evidence of 

any difference within LSCM context. It may be that SD, when it is used, is marginally used 

proportionately more often for strategic issues. Overall, DES and SD are used more frequently to 

model operational/tactical issues in LSCM context [1]”. 

What appears is a limited separation in the use of DES and SD for LSCM. Findings from a 

recent empirical study on users' perceptions of DES and SD shows that “two approaches were 
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not perceived as significantly different; implying that from the user's point of view the type of 

simulation approach makes little, if any, difference as long as it is suitable for addressing the 

problem situation at hand [56]”. 
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3. Research approach 
The aim of this study is to explore the use of DES and SD in LSCM of Swedish Manufacturing 

Industries (SMI), looking specifically into the nature and level of issues modeled. In order to 

achieve this, an analysis was done based on the frequency with which issues in LSCM are 

modeled using DES and SD. The study is based on a review of journal articles that describe the 

application of DES and SD to LSCM issues in SMI and addresses the following three research 

questions: 

Whether DES or SD has been applied more? 

What are the most frequently modeled LSCM issues? 

How is the distribution of applications over tactical-strategically continuum? 

The literature review undertaken follows four stages: identification of journal articles and 

simulation approach adopted, creation of a schema for classifying papers by LSCM issue, 

distinguishing between strategic and operational/tactical LSCM issues, and classifying papers by 

LSCM issues addressed. In performing this analysis, no judgment has been made about whether 

the most appropriate modeling approach was selected and simply observed which approach is 

used for which issue. Each of the stages followed to undertake this research is now described. 

3.1 Identification of journal articles and simulation approach adopted 
Journal and Conference papers that report simulation models for LSCM in SMI were selected 

based on a keyword search using the DIVA and Web of Science citation database. Relevant 

Master theses which used simulation models in LSCM context of SMI were selected based on a 

keyword search using the Uppsok database. The keywords used were ‘supply chain’, 

‘simulation’, ‘discrete-event simulation’ and ‘system dynamics’. These were combined to 

include the first keyword (‘supply chain’) and one of the other keywords mentioned, connected 

by ‘and’. The search included journal articles, conference papers and Master Dissertations 

published during the 22 years period, between 1990 and 2012. After removing duplicates, the 

initial list produced resulted in 39 entries in both English and Swedish Languages. The search 

was limited to journal papers, Master dissertations and conference papers and no books were 

included. Given that the aim of this study is to explore the DES and SD modeling work in 

LSCM, other simulation approaches such as agent-based modeling and Monte Carlo simulation 

are not included. 

A screening process was carried out to make sure that only papers actually using DES or SD 

modeling in LSCM were included. In some cases this was identified by reading the abstract, 

while in other cases this was only revealed in the main text of the paper. A full list of the 39 

articles plus a short description of each is provided in Appendix 1. 

3.2 Creation of a schema for classifying papers by LSCM issue 
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The next stage was to devise a schema for classifying the papers into the LSCM issues that each 

paper addressed. Supply chain management is a vast subject, covering a wide variety of topics. 

Finding a comprehensive classification of the topics covered in the supply chain context is not 

easy. 

In order to cover the breadth of LSCM issues, this study is based on a customized classification 

of LSCM issues developed by A.A.Tako and S.Robinson in their literature review of simulation 

modeling of supply chains [1]. Table 3 shows this 17-category classification. A more full 

explanation of each of these LSCM issues is provided in Appendix 2.  

3.3 Distinguishing between strategic and operational/tactical LSCM issues 
Having identified a set of LSCM issues representing decisions made within the supply chain, 

these were further classified into strategic, tactical and operational issues. Decisions in supply 

chains can be categorized into the three groups depending on the frequency with which a 

decision is made and the time frame during which it makes influence [1]. Referring to DELS 

system theory point of view, each decision corresponds to a subsystem. Strategic decisions 

normally deal with company-wide problems involving a time span of between 2 and 5 years. 

LSCM Issue

Supply chain structure (SCS)

Process Redesign (PR)

Supplier Selection (SS)

Facilities/capacity planning (FCP)

Replenishment control policies (RCP)

Bullwhip effect (BE)

Information sharing (ISH)

Supply chain integration (SCI)

Supply chain optimization (SCP)

Cost reduction (CR)

System performance (SP)

Inventory planning/management (IPM)

Planning and forecasting demand (PFD)

Production planning and scheduling (PPS)

Distribution and transportation planning (DTP)

Dispatching rules (DR)

Reverse logistics (RL)

Table 3. Classification of LSCM Issues [1] 



29 

These consist of issues mainly deal with planning system such as supply chain configuration and 

resource allocation. Tactical decisions involve mid-term activities, that is, over a time period of 

one month to a year, and involve issues related to control/monitoring system and also parts of the 

operative system. Operational decisions normally involve short-term decisions related to day-to-

day activities. These decisions reflect the problems related to operative system and base process. 

At the operational level the main problems pursued are lot sizes, replenishment orders, and 

service levels. 

Attempting to classify a LSCM issue as being strategic, tactical or operational is not straight 

forward because it is not always possible to be exact about the nature of the decision. Given that 

DELS consists of four subsystems, in many cases a simulation modeling might be a vertical 

integration of these subsystems address overlapping decision levels. For the purposes of this 

review, the listed issues in Fig. 2 were ranked between the two extremes of strategic and 

operational/tactical. The devised ranking is shown on the left side of Figure 8. The ranking is 

largely based on A.A.Tako and S.Robinson 's ordering of the issues. Operational and tactical 
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Figure 8. LSCM Strategic/tactical Continuum [1] 

LSCM Issue

Supply chain structure (SCS)

Process Redesign (PR)

Supplier Selection (SS)

Facilities/capacity planning (FCP)

Replenishment control policies (RCP)

Bullwhip effect (BE)

Information sharing (ISH)

Supply chain integration (SCI)

Supply chain optimization (SCP)

Cost reduction (CR)

System performance (SP)

Inventory planning/management (IPM)

Planning and forecasting demand (PFD)

Production planning and scheduling (PPS)

Distribution and transportation planning (DTP)

Dispatching rules (DR)

Reverse logistics (RL)
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issues are not specifically separated, since it is difficult to distinguish between the two at the 

coarse level of an issue descriptor.  

3.4 Classifying papers by the LSCM issues addressed 
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SCS PR SS FCP RCP BE ISH SCI SCP CR SP IPMPFDPPS DTPDR RL

1 S. Ujvari, O. Hilmola, (2006)[5] DES DES

2 S. Zanoni, I. Ferretti , O. Tang, (2006)[6] SD SD SD

3 J. F. Persson, (2002)[7] DES DES

4 O. Tang, M. M. Naim, (2004)[8] SD SD SD

5 P.Hilletofth, O. Hilmola, F. Claesson, (2011)[9] SD

6 R. Sundkvist, R. Hedman , P. Almström, (2012)[10] SD

7 J. Wikner, M. M. Naim, M. Rudberg, (2007)[11] SD

8 A. Syberfeldt, A. Ng, R. John, P. Moore, (2009)[12] SD SD

9 M.M. Naim, J. Wikner, R.W. Grubbström, (2007)[13] SD SD

10 F. Persson, J. Olhager, (2002)[14] DES DES

11 J. Pettersen, A. Segerstedt, (2009)[15] DES DES

12 D. Hellström, O. Johansson, (2010)[16] SD SD

13 F. Persson, (2011)[17] DES DES

14 M. Frantzen, A.H.C. Ng, P. Moore, (2011)[18] DES

15 A. Fredriksson, P. Jonsson, P. Medbo, (2010)[19] DES DES DES

16 E. Beltrame, R. Foresto, (2005)[20] SD SD

17 A. A. Malaki, (2012)[21] DES

18 N. S. Harari[22] DES

19 M. Sandström, D. Zulumovski, (2012)[23] DES DES

20 F. Ibrahim[24] DES DES

21 J. Harder, D. Lindell, (2011)[25] DES

22 S. Ferrada, H. Omeragic, (2010)[26] DES

23 M. I. Zia, (2009)[27] DES

24 S. Güneş, (2009)[28] SD

25 M. Holm, (2008)[29] DES

26 P. Huotari, C. Regnström, (2008)[30] DES DES

27 K. Elmström, (2008)[31] DES

28 M. Byman, P. Gustafsson , (2005)[32] SD SD

29 D. Lennartsson, P. Månsson, (2004)[33] DES DES

30 F. Ahlsen, L. Johansson, (2008)[34] DES DES

31 D. Moback, M. Mroczek, (2008)[35] SD

32 D. Anselmsson, O. Borg, (2007)[36] DES

33 C. Bentzel, M. Lövgren, (2005)[37] SD

34 T. Hansson, T. Johansson, (2004)[38] DES

35 H. Tärnqvist, N. Engdahl, (2003)[39] DES

36 K. Brovig, (2002)[40] DES

37 C. Ljungberg, (2001)[41] DES DES

38 A. Asplund, U. Hedström, (1999)[42] DES DES DES

39 K. Björnham, C. Marklund, (1997)[43] DES

Table 4. Classification of papers based on LSCM Issues 
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Eventually, the 39 articles that were selected were further screened, either by reading the abstract 

or the full text if it was required, with a view to identifying the LSCM issues modeled. In most 

cases the models described in the papers addressed more than one LSCM issue, resulting in the 

classification showing papers being associated with more than one issue. The full classification is 

provided in Table 4. The results from analyzing this classification are now presented.   



33 

4. Result 
The classification of papers was analyzed in order to address the questions of whether DES or 

SD is used more to model different LSCM issues in SMI, and to determine whether modeled 

LSCM issues are focused more in operational/tactical or strategic issues. With respect to this, 

results are presented from three perspectives: the frequency of use of DES and SD in LSCM 

context of SMI, the frequency with which LSCM issues are addressed by the two simulation 

approaches, and the focus of LSCM issues on the strategic and operational/tactical levels. 

Results also shows a statistics of companies involved in these simulation applications. 

4.1 The frequency of use of DES and SD in LSCM context of SMI 
Out of the 39 papers, 26 (67%) used the DES approach and 13 (33%) the SD approach. DES 

modeling activity is more than double that of SD, suggesting that DES is the most frequently 

applied simulation approach in LSCM context of SMI. 

Figure 9 shows a histogram based on used frequency of DES and SD in LSCM context of SMI. 

As it is shown, most of the issues have been addressed by both SD and DES approaches. Totally 

DES has been more commonly approach but there are a few issues that have been addressed only 

by SD. 

However theoretically, there is no difference between SD and DES in terms of use in supply 

chain context and studies show that both of approaches have the potential and capacity for 

modeling of all LSCM issues [1]. 
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4.2 Most frequently modeled LSCM issue 

Figure 9. Histogram based on used frequency of DES and SD in LSCM context of SMI 



35 

Through 39 identified papers, totally 63 LSCM issues have been addressed by two main 

modeling approaches, SD and DES. Figure 10 shows the histogram of addressed LSCM issues 

while modeled frequency is from interval of 0 and 10. As it is shown, not all issues got same 

attention. Figure 11 shows the list of LSCM issues sorted by modeled frequency. 

Figure 10. The histogram of addressed LSCM issues 
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Based on the numbers displayed in Figure 11, the most frequently addressed issues in LSCM can 

be identified. The issues most often modeled are system performance, production planning and 

scheduling and inventory planning/management. On the other hand, the issues like Supply Chain 

Structure and Supply Chain Integration have been addressed only once. In addition, based on the 

result of this study review and within framework of this research, no addressed supplier selection 

issue has been found. 

4.3 The focus of modeling efforts on strategic and operational/tactical levels 

LSCM Issue Frequency

System performance (SP) 10

Production planning and scheduling (PPS) 10

Inventory planning/management (IPM) 8

Process Redesign (PR) 5

Distribution and transportation planning (DTP) 4

Supply chain optimization (SCP) 4

Bullwhip effect (BE) 3

Cost reduction (CR) 3

Planning and forecasting demand (PFD) 3

Replenishment control policies (RCP) 3

Facilities/capacity planning (FCP) 2

Information sharing (ISH) 2

Dispatching rules (DR) 2

Reverse logistics (RL) 2

Supply chain structure (SCS) 1

Supply chain integration (SCI) 1

Supplier Selection (SS) 0

Figure 11. The sorted histogram of addressed LSCM issues 
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In order to identify the focus of modeling efforts in SMI and whether the bulk of applications are 

on operational/tactical side or strategic part; the cumulative percentage of modeled frequency for 

each issue was calculated along the ranked list of LSCM issues presented in Figure 12. The 
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Figure 12. The Cumulative percentage of modeled LSCM issues 

LSCM Issues
Comulative 

Percentage

Reverse logistics (RL) 3%

Dispatching rules (DR) 6%

Distribution and transportation planning (DTP) 13%

Production planning and scheduling (PPS) 29%

Planning and forecasting demand (PFD) 33%

Inventory planning/management (IPM) 46%

System performance (SP) 62%

Cost reduction (CR) 67%

Supply chain optimization (SCP) 73%

Supply chain integration (SCI) 75%

Information sharing (ISH) 78%

Bullwhip effect (BE) 83%

Replenishment control policies (RCP) 87%

Facilities/capacity planning (FCP) 90%

Supplier Selection (SS) 90%

Process Redesign (PR) 98%

Supply chain structure (SCS) 100%
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modeled frequency and cumulative histograms of LSCM issues are shown in Figure 13.  

Figure 12 shows that the cumulative percentage of operational/tactical issues is 73% claimed that 

almost three/fourth of modeling efforts address the operational/tactical issues in SMI. 

Consequently those issues which are in the strategic side of LSCM continuum are modeled 27% 

of times which is relatively low. Notice that this result doesn’t have any dependency to 

undertaken approaches and only total number of address frequency for each issue has been 

considered. 

 

Figure 13. Cumulative histogram of addressed LSCM issues 
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Looking at frequency histogram, it has positive skewness suggesting that bulk of modeling 

efforts lies on the left side (operational/tactical) of the histogram and the tail is on the right 

(strategic) side. 
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4.4 Some companies involved 

Figure 14. Frequency histogram of addressed LSCM issues 

Strategic Operational/Tactical 



41 

A short list of some companies involved in these simulation modeling is shown in Table 5. This 

list can not exactly contain all the companies involved because some case studies have written 

for anonym companies and some applications are based on standard models.  

 

  

Involved Companies

Alfa Laval

Arjo Hospital Equipment AB

Arla Foods Group

Ericsson Components AB

Fehrer Sweden AB

Getrag AB

Outokumpu

Saab Automobile AB

SCA Cellplast

SCA Packaging

Scania

Servera R&S AB

Tetra Pak Carton

Trelleborg Wheel Systems

Volvo Aero

Volvo Car Company

Volvo Powertrain

Volvo Truck

Table 5. Some companies Involved  
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5. Analysis and Discussion 
DES and SD have both been applied to a wide variety of LSCM issues in SMI. Based on the 

journal papers and master theses identified in the review period (1990-2012) DES is used more 

frequently than SD for supply chain modeling in SMI. 

All LSCM issues within SMI have been addressed at least one time with the exception of 

Supplier Selection. LSCM issues such as System Performance and Production Planning have 

been modeled more frequently than others. 

Issues related to system performance have been involved in 10 simulation studies. The 

performance of a supply chain involves a number of criteria, such as transportation cost, 

resources utilization, inventory level, order cycle time, delivery performance, etc. For example, 

F. Persson et al. (2002)[14] evaluated the alternative supply chain designs with respect to quality, 

lead-times and costs as the key performance parameters. J. Pettersen et al. (2009)[15] 

investigated the average amount of work in process(WIP) to compare different Kanban policies. 

A. Syberfeldt, et al. (2009)[12] used an optimization approach and increased the production cell 

utilization while decrease the number of overdue components. It seems that system performance 

has been addressed more frequently due to its application as an evaluation feature for different 

scenarios. 

Production planning and scheduling (PPS) is among the most frequently addressed issues. 

Production planning and scheduling is a wide topic which deals with the management of 

manufacturing processes and the policies that determine the configuration of the production 

sequence and resource allocation, material handling, scheduling of machines and work centers. 

M.M. Naim, et al. (2007)[13] focused on parameter selection in the ordering policy of a 

production planning and control system under two different conditions; make to order and make 

to stock. M. Frantzen, et al. (2011)[18] presented an industrial application of simulation-based 

optimization(SBO) in the scheduling and real-time rescheduling of a complex machining line in 

an automotive manufacturer in Sweden. Generally Simulation models in this category are 

concerned with the effect of different production planning routines on supply chain performance. 

Inventory planning/management (IPM) addressed by 8 articles. IPM Deals with the movement of 

goods throughout the supply chain. IPM modeling helps decision making process in inventory 

management based on inventory levels, holding and backlog costs and replenishment control 

policies. A. Fredriksson et al. (2010)[19]  assessed different outsourcing strategies and their 

effect on inventory level. J. F. Persson (2002)[7] calculated the inventory level to show the 

impact of a varying level of detail on simulation modeling. Studies on inventory planning and 

management usually focus on optimization of service levels or process time by varying the 

location or quantity of inventory.  

Process Redesign (PR) is mostly discussed in simulation studies of theses. Supply chain redesign 

or re-engineering involves changes in its structure (facilities, production processes, 
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transportation) and processes. An emerging stream of work in this category explores the 

streamlining of physical transformation processes to simplify the decision-making and control to 

eradicate waste, such as: Total Quality Management, Just-in-Time, Kaizen etc. [1]. F. Persson et 

al. (2002)[14] evaluated alternative supply chain designs with respect to quality, lead-times and 

costs as the key performance parameters while the design alternatives differed in terms of the 

level of integration and synchronization between supply chain stages. Supply chain redesign is 

associated with strategic management as it requires an overall understanding of business 

processes. 

In terms of supply chain optimization (SCP) that is mainly concerned with the identification and 

optimization of key performance indicators, such as profits, costs, product flows, etc., there are 

four articles; S. Ferrada et al. (2010)[26] tries in his dissertation to show minimization of the lead 

time and optimization of the buffer inventory via DES. M. I. Zia, (2009)[27] explores the use of 

multi-objective simulation optimization(MOSO) tool in maximization of throughput (TP) and 

minimization of cycle time (CT) and work in process (WIP). In his thesis, M. Byman et al. 

(2005)[32] deals with the load optimization in transport of mixed goods by containers and 

trailers. H. Tärnqvist et al. (2003)[39] works with a difficult one and tries to optimize the 

sequencing within production line. 

Within distribution and transportation planning (DTP) issue that deals with the physical 

movement of inventory (products, materials), there are four articles. Some decisions made are: 

the design of the transportation network, choice of transportation models, the management of 

vehicle fleet (routing and scheduling), etc. For example S. Ujvari (2006) [5] tried to highlight the 

complex nature of automated guided vehicle (AGV) via modeling of Distribution and 

transportation planning. D. Hellström et al. (2010)[16] examined the impact of different control 

strategies on the management of returnable transport items (RTIs) in closed-loop supply chains. 

Replenishment control policies (RCP) is another important issue which have been addressed by a 

few articles.  Related studies discussed about the control of stock levels in the echelons of the 

supply chain and the ordering policy. Their aim is mostly to have the right product quantity at the 

right location and at the right time. Generally RCP has been a part of those simulation studies 

which deal with Inventory management. For example, Jonsson et al. (2010)[19] and  M. 

Sandström et al. (2012)[23] used replenishment control policies as a tool to minimize the 

inventory level. Totally, the choice of inventory replenishment policies aims to achieve low 

inventory while maintaining high delivery performance. 

Regarding Bullwhip effect (BE) and phenomenon of upstream order magnification in the supply 

chain, three articles were found. Those articles explore the fluctuations in supply chain which 

results into a poor alignment between demand and production patterns across echelons. Since BE 

first theorization (e.g.Forrester 1961), the bullwhip effect has received much attention as it 

creates a business environment that can significantly add unnecessary costs [6]. Here S. Zanoni 
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et al. (2006) [6] and O. Tang et al. (2004) [8] studied the bullwhip effect by using SD techniques 

and A. Asplund et al. (1999)[42] with the help of DES. 

Cost reduction (CR) is often the incentive of various policies undertaken such as Bullwhip effect 

elimination, inventory management, Demand Forecasting, etc. The following are the articles in 

which the cost reduction was the main evaluation tool in taking correspondent policy! R. 

Sundkvist, R. Hedman , P. Almström, (2012)[10], M.M. Naim, J. Wikner, R.W. Grubbström, 

(2007)[13], E. Beltrame, R. Foresto, (2005)[20]. 

Planning and forecasting demand (PFD) has been involved in three articles including J. Wikner, 

M. M. Naim, M. Rudberg, (2007)[11], D. Lennartsson, P. Månsson, (2004)[33] and A. Asplund, 

U. Hedström, (1999)[42].  These models generate forecasts of the expected future demand and 

investigate the impact of major demand changes on supply chain echelons. 

Facilities/capacity planning (FCP) are related to typical decisions about determination of the 

facility role and processes to be performed, facility location and capacity allocation, etc. As S. 

Güneş, (2009)[28] and K. Björnham, C. Marklund, (1997)[43] showed in their modeling studies, 

FCP decisions are usually linked with the objectives and long term mission of the firms or 

partners in the chain and hence considered a strategic issue. 

Information sharing (ISH) strategies are introduced as a sub-set of supply chain integration 

mechanisms, which aim to reduce the bullwhip effect and to improve the supply chain 

performance. Some of the obstacles encountered in operationalizing these strategies are the 

reluctance of firms to share information on sales, demand, production and delivery, inventory 

levels, etc. This issue was a part of modeling studies in O. Tang, M. M. Naim, (2004)[8] and N. 

S. Harari[22]. 

Dispatching rules (DR) deal with decisions made regarding the satisfaction of specific customer 

orders, considering on one-hand delivery dates and on the other hand deployment of the 

manufactures' shop floor [1]. DR has been involved in simulation modeling of P. Huotari, C. 

Regnström, (2008)[30] and F. Ahlsen, L. Johansson, (2008)[34]. 

Reverse logistics (RL) is concerned with the recovery of products as spare parts or recycled 

products at the end of their life cycle. Product recovery is driven by economical and 

environmental motives, which at the same time affects companies' manufacturing and gathering 

activities [1]. S. Zanoni et al.(2006)[6] and D. Hellström et al. (2010)[16] tried in their modeling 

studies to visualize the whole or a part of RL process. 

Supply chain structure (SCS) represents the configuration of the chain, the sequential links 

between different activities or processes. Typical decisions made are related to the flow of 

materials between stages, involvement or not of intermediaries, pull versus push configurations, 

etc [1]. F. Persson, (2011)[17] dealt with designing the supply chain structure. 
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Supply chain integration (SCI) enables the cooperation of two or more systems in chase of 

complementary goals. This category consisted of a number of coordination mechanisms such as: 

vendor managed inventory, quantity discounts, quantity flexibility, allocation rules, quick 

response, strategic partnerships, etc. [1]. The work of A. Fredriksson et al. (2010)[19] falls in this 

category. 

The findings about the focus of applications shows that modeling efforts within LSCM context 

of SMI mostly concerned about the operational/tactical issues and LSCM strategic issues have 

relatively got less attention. In the other word, the bulk of applications lie on the 

operational/tactical side of LSCM continuum. However, it is difficult to distinguish between the 

operational/tactical and strategic issues at the coarse level of one issue descriptor and hence the 

validity of concluded result is relatively. 

About companies involved in simulation studies, the list at least shows that irrespective of size 

and branch, a wide range of companies in SMI use simulation modeling to solve issues arised in 

LSCM. This fact becomes more obvious when only four of these companies are among the 20 

largest Sweden-registered companies.  
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6. Summary and Conclusions 
The findings of this study, first of all sheds light on simulation modeling efforts of LSCM issues 

in SMI, secondly, brings useful insights about classification of LSCM issues from simulation 

point of view and thirdly informs the existing literature, industries involved and newcomers to 

this field about the use of DES and SD in LSCM of SMI. 

Simulation modeling, which mimics the real-world experiment, can be seen as virtual 

experimentation. SD and DES are two widely used simulation approaches that help Swedish 

manufacturing industries to cope with innovation challenges in entire supply chain by bridging 

the gap between excellent ideas and successful implementation. This research explores the use of 

DES and SD as modeling tools in supply chain context of SMI. It is done with respect to the 

nature and level of problems considered. Journal articles and master theses published between 

1990 and 2012 that describe the application of DES and SD in LSCM issues of SMI were 

reviewed. The analysis undertaken answered the three questions initially posed. 

The first question asked whether DES and SD are used to model different LSCM issues in SMI. 

The findings show that both simulation approaches have been used to model the majority of 

LSCM issues identified, albeit to differing extents. It was established that the DES approach has 

been used more frequently compared to SD.  

The second question asked whether modeling efforts in SMI addressed different LSCM issues 

evenly. The results show that issues such as system performance, production planning and 

scheduling and inventory planning/management have been modeled more frequently, and issues 

like Supply Chain Structure, Supply Chain Integration and Supplier Selection have been 

addressed less. 

The last question asked whether the modeling studies addressed mostly tactical/operational 

issues or strategic issues. The histogram of modeling frequency categorized by LSCM issues 

(Figure 14) shows that modeling efforts are distributed over the entire LSCM continuum whereas 

the bulk of addressed issues lie on the operational/tactical side. It was recognized that around 

73% of LSCM modeling studies in SMI fall into tactical/operational category while relatively 

23% of them concerned about Strategic issues. 

Furthermore, the result shows that irrespective of size and branch, a wide range of companies in 

SMI use simulation modeling to solve issues arised in LSCM. 

The findings of this study are defined by the sample of journals and theses chosen, but also the 

approach and the setting in which the study has been undertaken. For example, the literature 

review is based on theses and journal papers published in the internet. It would be difficult to 

gather hard copy Journal articles because they are not always easily available. Furthermore, the 

study has not considered the success of the models in addressing LSCM issues, i.e. did the 
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models solve the problem? This would be hard to recognize because detailed information about 

the models and their impact is not always made readily available in the papers. 

As well as providing some interesting results, this study provides the basis for further studies. 

Future work could expand on this study as well as address the challenges of modeling simulation 

in SMI. Applied modeling approaches could be described with more details based on DES and 

SD subtypes. Shortages and inconsistencies could be identified by comparing the reviewed 

articles with best practices. This paper takes a literature-based approach to identifying the LSCM 

issues modeled in SMI using DES and SD, and it does not consider the other simulation 

approaches like Monte Carlo and Agent-Based Modeling and Simulation (ABMS). The research 

presented here could be extended to consider all simulation approaches plus hybrid models. 

Future work could also undertake a similar analysis in other areas of application, such as health 

care, insurance and education; and compare the findings. Finally further study could investigate 

the effect of simulation on innovation in supply chain context of SMI. 
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Appendix 1. Articles abstracts 
 

 

Abstract

1

S. Ujvari, O. 

Hilmola, 

(2006)[5]

Purpose – This paper aims to highlight the complex nature of automated guided vehicle (AGV)

simulation model building, and especially how system modelling details affect the end results. This is an 

important issue in all of the transportation simulation systems, since they are service-based by their 

nature, and additional inefficiencies create unanticipated performance downgrading.

Design/methodology/approach – This paper uses a simulation approach, and simulated systems

are based on a real-life case study and on well accepted hypothetical simulation example.

Findings – Simulation system boundaries are often neglected in the model building, and especially 

interface to inbound (and possibly outbound) material flow should be considered carefully; based on these 

research results, AGV investments are seen in an entirely different light, as system boundary is enlarged to 

contain more realistically interacting elements. Similar system boundary issues were found from the case 

study: interface with overhead gantry did not provide near optimal performance. The case study also 

revealed that high speed of AGVs is not necessarily worth additional investment; constraints exist in safety, 

acceleration and ability to turn in corners.

Research limitations/implications – The findings are based on the simulation work and, to see

the real implications, real-life implementations on policy level are needed.

Practical implications – Results of this research provide more insights for manufacturing unit

investments, and especially in the scope of automated transportation system use. Also changes in 

manufacturing flow management issues, after investing in, for example, AGV systems, are different from in 

less-automated manufacturing units.

Originality/value – This research work provides more insights to simulation research work,

especially from the perspective of transportation systems. Also implications arising from case study are 

unique as being compared to previous research in the field.

2

S. Zanoni, I. 

Ferretti , O. 

Tang, (2006)[6]

In recent years, remanufacturing has emerged as an important research area. This requires developing 

methods and models in order to aid companies in systematically evaluating current as well as projected 

remanufacturing systems. This paper addresses the inventory control problem in a hybrid inventory system 

with manufacturing and remanufacturing options. In this study, by changing the definition of inventory 

position of the serviceable stock, we introduce a shift

PULL inventory control policy, which is compared with PULL, DUAL, and Separate PULL control policies 

studied previously in the literature. Besides evaluating the economic consequences with different control 

policies, we also study system dynamic behaviour such as the bullwhip effect, in order to understand the 

advantages and disadvantages of different policies. After the experiments, we propose several 

management guidelines for such a hybrid inventory system. The major findings are: (1) separate PULL and 

DUAL can be good alternatives when the manufacturing lead time is significantly longer than the 

remanufacturing lead time; (2) shifted PULL exhibits a good performance when the two lead times differ 

slightly. Owing to the complexity in solving the

optimization problem, a simulation approach is used.

3
J. F. Persson, 

(2002)[7]

Modelling and simulating manufacturing systems often involves several different organisational units. This 

can make data collection difficult and it can be hard to obtain data that allows for the model to be built with 

a consistent level of detail. To investigate the impact of a varying level of detail, a manufacturing system 

was modelled using different levels of detail. The first model was modelled at a high level of detail 

containing all elements in the system. The second model was an aggregation of some of the processes in 

the system and the third model consisted only of the main processes. The experiments performed with the 

models, aimed at finding differences between models’ outputs that originated from the choice of the level 

of detail. The results show that there are significant differences between the models. The simulation 

models used for this paper are made in collaboration with a company in the mobile communications 

industry and deals withsu pply chain problems.

Article
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4
O. Tang, M. M. 

Naim, (2004)[8]

A combined manufacturing/remanufacturing system is modelled and its dynamic behaviour is investigated 

using a control engineering approach. The model is an extension of the automated pipeline, inventory and 

order based production control system (APIOBPCS), which is well understood from a dynamic perspective. 

It is assumed that the remanufacturing process is based on a PUSH policy. Utilising different levels of 

information transparency from the remanufacturing process, three system types are developed and 

compared. Mathematical and simulation analyses of the system types were undertaken and their 

robustness to remanufacturing process uncertainties were tested. Our analysis indicates that the greater 

the degree of information transparency, the greater the robustness of the hybrid system.

5

P.Hilletofth, O. 

Hilmola, F. 

Claesson, 

(2011)[9]

Purpose – Research work describes in-transit distribution strategy by determining and analyzing

key principles of it as well as by illustrating its application in practice. Emphasis on in-transit

distribution strategy is to turn transportation pipeline as a mobile inventory holding place, and

actively dispatching goods to a destination, where there is a predicted demand before any customer orders 

are actually received. The use of this strategy is supported by current trade flows: emerging market trade 

has increased considerably, but simultaneously Swedish export prices, for example, have significantly 

decreased. The paper aims to address this issue.

Design/methodology/approach – In-transit strategy is examined through a multiple case study

from industrial companies having main factory operations in Sweden as well as using a system

dynamics simulation model, and Monte Carlo analysis. These are supported by the second hand data of 

trade flows between Sweden, and India and China.

Findings – In order to be successful with in-transit strategy, the case studies show that excellent

planning, working closely with customers, first-class market knowledge, and an enterprise resource 

planning (ERP) system that is able to support the process sufficiently are required. Other highlighted 

requirements of this strategy are low variation in demand, and predictable distribution lead-time. 

Simulation study of one hypothetical product group verified case study findings, but the authors find it 

interesting that manufacturing output variance especially is very sensitive regarding to the overall results. 

If variation increases, then in-transit strategy is not able to deliver for customers with the necessary 

accuracy. Also increasing average customer demand, and longer transportation delays lead to undesired 

outcomes (e.g. too much inventory or out of stock situations).

Research limitations/implications – The case study and second hand analysis is limited to one

country, and further evidence is needed from other European, and possibly North American

companies, to verify these findings.

6

R. Sundkvist, R. 

Hedman , P. 

Almström, 

(2012)[10]

Manufacturing units in the so called high-cost countries are struggling under fierce competition on the 

global market. In order to survive, the factory needs to generate profit to its owners. Profitability can be 

reached in many different ways apart from only lowering the employees’ salaries. It can be improved 

through increased profit margins (sales in relation to costs) or with an increased capital turnover rate. 

Finding ways to free capacity and to improve flexibility in order to increase sales is often more interesting 

to the manufacturing companies than cutting the direct

salary costs. A model for analysing profitability of a manufacturing unit is proposed. It is found on a 

production system analysis and combines in-depth production engineering analysis with economical 

accounting analysis of the factory. The manual work tasks are of special interest and the productivity of 

selected bottleneck work areas are analysed thoroughly. The model is intended for use by two industrial 

analysts during a one-week study. Simulation of different improvement scenarios is carried out and 

presented to the factory management at the end of the profitability study. A software implementation is 

required in order to generate the model, collect data and make simulation within the intended time. The 

implementation is made in spread sheet software using Visual Basic to program interfaces and automatic 

functions. The primary area of application is the electronics industry in Sweden where the model is used in 

a research project to strengthen the competitiveness of that industry.
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7

J. Wikner, M. M. 

Naim, M. 

Rudberg, 

(2007)[11]

Customer specific requirements is one of the key drivers in a supply chain strategy based on mass 

customization. At the same time there are intense pressure on price and short delivery lead times 

providing a complex environment for managing the supply chain. The complexity can be reduced by 

introducing the concept of a customer order decoupling point (CODP). The CODP separates the supply chain 

into two key processes that can be categorized as make-to-order (MTO) and make-to-stock (MTS) and 

constitutes the two key building blocks of a system based on the mass customization concept. The dynamic 

properties of the MTS environment have been extensively researched using the automatic pipeline-, 

inventory-, and order-based production control system (APIOBPCS) archetype. In contrast to MTS systems, 

the customer facing MTO process, which is usually exposed to a more volatile demand stream suitable for 

an agile strategy, is less well investigated. Agility does, however, frequently not mean that infinite capacity 

is available but that there is some surplus capacity available and that the capacity can be adapted to the 

customer requirements in certain time frames. When the adaptation is not instant but requires some time 

to take effect the delay creates a dynamic backlog represented by the order book which affects the delivery 

lead time. Since controlling lead times is a key factor in providing reliable delivery promises an order book 

control logic is introduced. It is also shown that the new MTO model of the customer facing part of a mass 

customization system is an extension to the well established APIOBPCS framework.

8

A. Syberfeldt, A. 

Ng, R. John, P. 

Moore, 

(2009)[12]

Manyreal-worldmanufacturingproblemsaretoocomplextobemodelledanalytically.Forthese

problems, simulationcanbeapowerfultoolforsystemanalysisandoptimisation.Whiletraditional

optimisation methodshavebeenunabletocopewiththecomplexitiesofmanyproblemsapproached

by simulation,evolutionaryalgorithmshaveproventobehighlyuseful.Thispaperdescribeshow

simulationandevolutionaryalgorithmshavebeencombinedtoimproveamanufacturingcellatVolvo

AeroinSweden.Thiscellproduceshigh-technologyenginecomponentsforcivilianandmilitary

airplanes,andalsoforspacerockets.Resultsfromthestudyshowthatbyusingsimulationand evolutionary 

algorithms,itispossibletoincreasetheoverallutilisationofthecellandatthesametime

decrease thenumberofoverduecomponents.

9

M.M. Naim, J. 

Wikner, R.W. 

Grubbström, 

(2007)[13]

This paper shows the impact of using the net present value (NPV) on parameter selection in the ordering 

policy of a production planning and control system. Using a well understood and documented model, the 

net present value is used as an objective function to determine the discounted future variance costs 

resulting from the model’s dynamics. The NPV of the variance (NPVv) is defined and applied to the model 

under make-to-order and make-to-stock conditions. We show that the cost structure of the manufacturing 

system defines the NPVv and hence aids in identifying the most appropriate control strategy to apply.

10

F. Persson, J. 

Olhager, 

(2002)[14]

The focus on supply chain management has increased in recent years; among academics as well as among 

practitioners. In this paper, we present a supply chain simulation study for a real case, concerned with the 

manufacturing of mobile communication systems. The purpose of the study is twofold. One objective is to 

evaluate alternative supply chain designs with respect to quality, lead-times and costs as the key 

performance parameters. A second objective is to increase the understanding of the interrelationships 

among these and other parameters, relevant for the design of the supply chain structure. The design 

alternatives di!er in terms of the level of integration and synchronisation between supply chain stages. 

Modelling and validation issues are highlighted since these are fundamental to a supply chain simulation 

study. The results are discussed and a model capturing the relationships among cost, quality, and lead-

times, based on the simulation study, is presented.
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11

J. Pettersen, A. 

Segerstedt, 

(2009)[15]

This article presents a simulation study over a small supply chain,where the amount of work-in-

process(WIP) is restricted.The supply chain consists of five linked machines, or production facilities,with 

stochastic operation times.A number of test cases are made where the number of jobs in the machines and 

the buffer areas are restricted.The restrictions are designed both in the Kanban way, linked to every 

machine, and in the CONWIP way, connected only to the total production line. But no Kanban-cards and 

cells are involved in our study, just restricted inventories between the machines. With the same amount of 

limited WIP, CONWIP-control compared to Kanban-control presents a higher throughput rate,less time 

between jobs out,but the jobs stay on average longer in the system.The stochastic operation times cause 

that the upstream machine sometimes consumes the jobs in a rate that the downstream machine doesnot 

catch up with, therefore all available storage room temporarily arenot used.Kanban-and

CONWIP-control presents the same amount of average outflow per time unit with the same variation in 

operation times and with the same amount of real average WIP.But Kanban-control causes a lower 

utilization of present available storage room and storage equipment than CONWIP.The user of Kanban and 

CONWIP can only control maximum WIP and not average WIP;average WIP is a consequence of existing 

variations, so the difference is important.The coefficient of variation of the lead-times increases when WIP 

increases; this is very difficult to handle in practical applications. Restricted WIP that shortens the lead-time 

and decreases its variation is more important than if it is a ‘‘push’’ or‘‘pull’’system.Finally, it is argued that 

CONWIP-control is to prefer over Kanban-control in theory, but in practice there is a lack of CONWIP 

installation guidelines.

12

D. Hellström, O. 

Johansson, 

(2010)[16]

This research examines the impact of different control strategies on the management of returnable 

transport items (RTIs) in closed-loop supply chains. A simulation model is developed based on an empirical 

case and is used to explore different scenarios. The results suggest that the choice of control strategy has a 

significant impact on investments and operating costs, and that RTI shrinkage can be controlled either 

through the use of tracking systems, or choice of control strategy. Moreover, a simulation-based method for 

estimating the fleet size required to operate the system for the different strategies is presented.

13
F. Persson, 

(2011)[17]

The supply chain operations reference model model (SCOR) is developed and maintained by the Supply 

Chain Council (SCC). The SCOR model is a reference model that can be used to map, benchmark, and 

improve supply chain operations. SCOR template is a simulation based analysis tool, developed to capture 

the dynamics of supply chain operations. The first version of the SCOR template was presented in a 

previous article by Persson and Araldi (2009). Since the finalisation of the first article concerning the SCOR 

template, a second version of the SCOR template has been constructed and tested in at a case company; 

Alfa Laval at Ronneby, Sweden—a manufacturer of heat exchangers. Version 2 of the SCOR template is 

more complete than the previous version. More metrics were introduced and the return processes 

included. Emphasis has been on making supply chain analysis simple with the introduction of a new

building block—the metric module. The case study at Alfa Laval has been based on data from a value stream 

mapping (VSM) and aimed at comparing different scenarios in the production networks for one specific 

product. The results of the comparison are one of the pieces of data that the company managers will use 

when deciding where to allocate production resources in the international production network.

14

M. Frantzen, 

A.H.C. Ng, P. 

Moore, 

(2011)[18]

This paper presents an industrial application of simulation-based optimization (SBO) in the scheduling and 

real-time rescheduling of a complex machining line in an automotive manufacturer in Sweden. Apart from 

generating schedules that are robust and adaptive, the scheduler must be able to carry out rescheduling in 

real time in order to cope with the system uncertainty effectively. A real-time scheduling system is 

therefore needed to support not only the work of the production planner but also the operators on the 

shop floor by re-generating feasible schedules when required. This paper describes such a real-time 

scheduling system, which is in essence a SBO system integrated with the shop floor database system. The 

scheduling system, called OPTIMISE scheduling system (OSS), uses real-time data from the production line 

and sends back expert suggestions directly to the operators through Personal Digital Assistants (PDAs). The 

user interface helps in generating new schedules and enables the users to easily monitor the production 

progress through visualization of production status and allows them to forecast and display target 

performance measures. Initial results from this industrial application have shown that such a novel 

scheduling system can help both in improving the line throughput efficiently and simultaneously 

supporting real-time decision making.
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A. Fredriksson, 

P. Jonsson, P. 

Medbo, 

(2010)[19]

Outsourcing of manufacturing leaves two options for the structuring of the supply network: either 

complete outsourcing of an item or process, or combining external sourcing and in-house manufacturing. 

The objective of this paper is to explain the effect on performance of various strategies of combining in-

house manufacturing and outsourced manufacturing. The analysis is based on a case study of a European 

manufacturer (EM) that has outsourced part of its casting processes to Chinese suppliers. The strategies 

were tested by means of a simulation study and compared in terms of their effects on inventory 

performance. The study showed at significance levelp < 0.01 that inventory levels in China decreased 23% 

and inventory levels in Europe decreased 6% with a so-called base-surge strategy, sourcing predictable and 

stable demand in China and uncertain demand in-house in Europe.

16

E. Beltrame, R. 

Foresto, 

(2005)[20]

A simulation program has been developed to imitate the behaviour of the system. This simulation tool, 

based on Visual Basic for Application (VBA) is able to detect different output scenarios by varying the inputs 

of the model and assess quantitative values to the related outputs. A further risk analysis – by means of 

@Risk software- aiming at selecting eventual key-improvement area has been conducted. The program has 

been run according to the actual inputs of the chain. The purpose is to assess quantitative value to the 

importance of few inputs on outputs occurring and to qualitatively evaluate the risk related the actual 

situation. The suggestions and conclusions of the thesis are:

- review of the agreement for few component suppliers;

- a uniform distribution for the orders joined to an order batch of 80% of agreement seems to guarantee the 

major benefits for the chain, according to inputs given be TPCA;

- improvement of forecast for the filling machine, since it affects all the planning activities of the supply 

network;

- the introduction of safety stock in the chain may lead benefits for the global lead-time. Conversely, it 

increases the tied up capital and the holding cost, because the level of the inventory is higher. The 

management should decide which the sought task is.

17
A. A. Malaki, 

(2012)[21]

This study chose a conceptual design proposed by a local automotive company as a case study and a discrete 

event simulation study as the research method to inspect the questions and hypotheses of this research. 

The results showed an improvement of about 2.4% in the throughput due to arranging workers in a specific 

order, which is significant compared to the fixed line one which had 1 to 2 percent improvement. In 

addition, analysis of the results concluded that having the most improvement requires grouping all low skill 

workers together. However, the pattern of imbalance is significantly effective in this improvement 

concerning validity and magnitude.

18 N. S. Harari[22]

The use of simulation has been said to be a useful tool to analyze manufacturing systems, Discrete Event 

Simulation - DES for instance under the occurrence of different events. Information management in 

Manufacturing Systems is an important issue and so it is in simulation studies because some of the 

difficulties in building, reusing and integrating simulation models with other applications used in 

manufacturing systems are related with the data. In this context different efforts have been made to 

facilitate the use of simulation and overcome interoperability problems through improving the information 

management, one of this is the Core Manufacturing Simulation Data Information Model - CMSDIM 

developed by The National Institute of Standards and Technology - NIST. The objective of this thesis is to 

contribute to the use of the CMSDIM in ExtendSim V8. A method to import databases structured based on 

the CMSDIM into the Simulation software ExtendSim V8 is developed and applied in a case study in a 

production line of SCANIA.
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19

M. Sandström, 

D. Zulumovski, 

(2012)[23]

This Master Thesis has been written during the spring of 2012. The thesis is collaboration between the 

packaging Company and Lund University. First of all, we would like to thank our supervisor Mr. Carl-Magnus 

Bertilsson, Manager Virtual Engineering Department, for giving the opportunity to write a Master Thesis at 

his department and all the support he has given us during the thesis. We would also like to thank Mr. Haris 

Omeragic and Mr. Sebastian Ferrada, Simulation Engineers at Virtual Engineering Department. You have 

truly helped us with answers to all our questions and constructive feedback to our ideas. We would also 

like to thank Assistant Professor Daniel Hellström at Division of Packaging Logistics, Lund University, for his 

support and true interest in our thesis. You are a true inspiration to us! Finally, we would like to thank all of 

you we have not mentioned but who have been supporting and helping us to write this thesis in one way or 

another. You have contributed to making this thesis the most fun project during our five year Master’s 

program in Mechanical Engineering.

20 F. Ibrahim[24]

The simulation model created by using Banks et al (2001) simulation methodology, and ExtendSim software 

help. The resulted model used as a tool that provides great assistance to the decision makers, in order to 

develop the Conwip system which applied in the manufacturing line under study, and to investigate “What 

if” scenarios.

The result of this study obtained after performing two experiments, where the first experiment gives 

recommendation regarding the optimal upper bound of the total amount of work that can be used in 

Conwip system, with the use of sensitivity analysis, and the second experiment analyse the overall all 

effect on the system after separating the paths of high and low volume products. This project proves the 

powerful side of using the simulation in situations where it’s too hard or even impossible to improve the 

performance of a manufacturing line i.e. when large number of variables involved and affecting the system.

21

J. Harder, D. 

Lindell, 

(2011)[25]

The main results of this study show that the throughput of the system is very stable when it comes to 

changing the order structure. The orders can be shortened without too much losses of throughput, the real 

performance dip doesn’t occur until the orders have been shortened to less than 30%. The baseline 

scenario for the model has a throughput of 17.14 million meters per month. Doubling the order lengths 

gives a slight but still significant increase of the throughput by 1.4 million meters. Shortening the order 

length to 30% decreases the throughput by 0.8 million meters which might be an acceptable solution if the 

factory needs to run shorter orders. Further decreasing the order lengths causes a steeper decline of 

performance. At 20% order length the

throughput is 14.55 million meters per month, and at 10% it decreases to 11.27. Another conclusion from 

the output of the model is that the current transportation system is adequate for the factory. Removing the 

travel times doesn’t significantly increase the throughput of the factory. Finally, experiments with FIFO-

strategies (First In First Out) showed that the factory’s performance suffers when removing the sequencing 

of orders that currently is in use. Removing buffers between the machines as well creates a drastic drop in 

throughput.

22

S. Ferrada, H. 

Omeragic, 

(2010)[26]

During the period that the study covers the total production was approximately 12 500 km of paper 

material. The output of the simulation model representing the real world process is 12 100 km. In scenario 

1, one of the printers is removed and one printer and one laminator are left running continuously which 

yields an output of 9 800 km. In scenario 2, the average run speed in the printer is increased, by 

benchmarking a facility of the same complexity as the one covered in this study, which yields an output of 

10 500 km. In scenario 3, the variation and mean time of two setups in the printer, the sleeve change and 

the creasing tool change, is reduced which yields an output of totally 10 000 km. In scenario 4, the stops Lack 

of Resources time, Waiting for Approval time, Cleaning time and Force Majeure time in the machines are 

removed which yields an output of 10 100 km. In scenario 5, scenarios one through five are all included 

simultaneously which yields an output of 11 200 km.

From the simulations it can be concluded that by improving different parameters the total output of the 

production line can be increased. However, the improvements made in this study are not sufficient to 

compensate for the output loss resulting from removing one of the printers. The study’s purpose is to 

provide an understanding of the production line and find important parameters that result in a more 

effective process, that can be seen as a base and help to the company if they want to continue working with 

these suggestions.
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M. I. Zia, 

(2009)[27]

The choice of an efficient and effective production control mechanism (PCM) along with the appropriate 

buffer allocation pattern is very important for any production engineer/decision maker when designing a 

production line in order to attain the required system performance. This project work aims to give an 

insight with different PCMs, different buffer allocation patterns and arrangement of workers of different 

capability to help the production engineers/decision makers

to select the right mechanism and pattern. This study has been performed with multi-objective simulation 

optimisation (MOSO) tool. The result from many experiments have shown that the ascending buffer 

allocation pattern stands out as the prominent choice when the goal was to attain maximum throughput 

(TP) and simultaneously keeping minimum cycle time (CT) and work in process (WIP). The PCMs and 

workers imbalance patterns performance is different in different

regions of the Pareto-optimal CT-TP data plots obtained from MOSO so their selection is depending on the 

interest of the desired level of throughput together with the limit of cycle time.

24
S. Güneş, 

(2009)[28]

This thesis examines and analyzes the use of data mining techniques and simulations as a forecasting tool. 

Decision making process for business can be risky. Corporate decision makers have to make decisions to 

protect company‟s benefit and lower the risk. In order to evaluate data mining approach on forecasting, a 

tool, called IFF, was developed for evaluating and simulating forecasts. Specifically data mining techniques‟ 

and simulation‟s ability to predict, evaluate and validate Port Industry forecasts is tested. Accuracy is 

calculated with data mining methods. Finally the probability of user‟s and simulation model‟s 

confidentiality is calculated. The results of the research indicate that data mining approach on forecasting 

and Monte Carlo method have the capability to forecast on Port industry and, if properly analyzed, can give 

accurate results for forecasts.

25
M. Holm, 

(2008)[29]

The aim of this project has been to develop a new method that can be used for optimising the sequences of 

operations in flexible manufacturing cells. The method combines existing methods and available software 

tools from three research areas, optimisation, flexibility and virtual manufacturing. This method is named 

SIMBOSeer and it combines genetic algorithms in discrete event simulation together with continuous robot 

simulation. SIMBOSeer has been implemented at an existing workcell at Volvo Powertrain, Skövde, and it 

has successfully shown to be able to find possible improvements of the sequences of operations. 

SIMBOSeer has shown to be a successful combination of different virtual manufacturing tools. It has a great 

ability to find an optimal solution of the sequence of operations in a flexible manufacturing cell. 

SIMBOSeer not only gives a fast answer on how to produce different variants it also offers the possibility to 

generate the robot code automatically.

26

P. Huotari, C. 

Regnström, 

(2008)[30]

The aim of this project has been to develop a new method that can be used for optimising the sequences of 

operations in flexible manufacturing cells. The method combines existing methods and available software 

tools from three research areas, optimisation, flexibility and virtual manufacturing. This method is named 

SIMBOSeer and it combines genetic algorithms in discrete event simulation together with continuous robot 

simulation. SIMBOSeer has been implemented at an existing workcell at Volvo Powertrain, Skövde, and it 

has successfully shown to be able to find possible improvements of the sequences of operations. 

SIMBOSeer has shown to be a successful combination of different virtual manufacturing tools. It has a great 

ability to find an optimal solution of the sequence of operations in a flexible manufacturing cell. 

SIMBOSeer not only gives a fast answer on how to produce different variants it also offers the possibility to 

generate the robot code automatically.
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K. Elmström, 

(2008)[31]

To do the calculations manually is both complex and time demanding. Simulations is a good alternative to 

use to solve this problem since it will make the dimensioning work easier and also make it possible to 

analyze future problem areas and situation. To have the possibility to analyze, do tests and examine how 

the press line will act when the conditions changes before the line is built makes simulation a good and 

interesting tool to use. Since the flow is complex and has a great variation makes the solution of computer 

simulation even more interesting. There are different sets of combination of the data that can be used so 

the goal will be achieved. There are two solutions that seem to be more suitable than the others; future 

studies can show which one is best. Some assumption has been made for those machines

28

M. Byman, P. 

Gustafsson , 

(2005)[32]

Load Optimisation has never reached as high status as route planning, lowered inventory levels and Just-In-

Time deliveries in order to reduce costs. In the future congestions and regulations may force companies to 

include load optimisation in their strategies to manage the global competition. There are however some 

negative sides of load optimisation such as increased noise, increased accident severity, higher material 

handling costs and a need for trade-offs between load optimisation and Just-In-Time deliveries and low 

inventory levels. The application created during this master thesis improves and makes the ordering and 

purchasing process easier at Trelleborg Wheel Systems in Trelleborg. The application is created specially for 

Trelleborg Wheel Systems’ products and therefore adapts badly to other companies and products. If used in 

an appropriate way the application gives answers to if the specific products fits in the transport or not. If 

desired the application also draws the loading pattern to give a possibility to see any free loading space.

29

D. Lennartsson, 

P. Månsson, 

(2004)[33]

After having studied the processes of production at TPPM, we structured the simulation program and 

collected the data needed for the program. The parameters used were:

• Set Up times for the machines

• MTTR (Mean Time To Repair)

• MTBF (Mean Time Between Failure)

• Run speed for the different orders in the different machine groups

• Planned stops in the machines

• Stops during weekends in the different machines

The simulation program will help the personnel at the department of planning at TPPM. They can control if 

the lead times of the orders, as they are planned, will exceed the predetermined due date and if the 

capacity of the machines are enough.

30

F. Ahlsen, L. 

Johansson, 

(2008)[34]

Outokumpu is currently investing five billions Swedish Kronor at their steelwork in Avesta, the invest¬ment 

should be finished 2015. The investment means substansial changes in the supply chain at Avesta works. 

This will lead to consequences regarding the material flow through the steelwork. The purpose of this 

report is to investigate how the material flow should be handeled, and to identify possible areas of 

problem that could occur and suggestions of how they could be solved. This study has partially been done 

with field studies and interviews, and partially with a simulation study from the grinding to the completion 

of the products. From the simulation values such as storage levels, lead times and usage levels of the 

machines have been mesaured.
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D. Moback, M. 

Mroczek, 

(2008)[35]

Outokumpu is currently investing five billions Swedish Kronor at their steelwork in Avesta, the invest¬ment 

should be finished 2015. The investment means substansial changes in the supply chain at Avesta works. 

This will lead to consequences regarding the material flow through the steelwork. The purpose of this 

report is to investigate how the material flow should be handeled, and to identify possible areas of 

problem that could occur and suggestions of how they could be solved. This study has partially been done 

with field studies and interviews, and partially with a simulation study from the grinding to the completion 

of the products. From the simulation values such as storage levels, lead times and usage levels of the 

machines have been mesaured.

32

D. Anselmsson, 

O. Borg, 

(2007)[36]

The focus of the study is to identify bottlenecks in the production and analyse how these can be eliminated 

and if the available machine capacity can accommodate the increase in production volumes. We have also 

looked at what would happen if they were able to reduce the setup times. Today these are very long and 

varies significantly. If these setup times and their variance were to be reduced this would mean a greater 

flexibility in the production and would enable SCA to produce more in accordance with the Japanese 

production philosophy. Our results imply that SCA with retained machine park can achieve an increase in 

production volumes of fifteen percent. But this increase would require some changes for SCA.

33

C. Bentzel, M. 

Lövgren, 

(2005)[37]

The layout of SCA Packaging Förpackningsservice in Värnamo has for a period of time been struggling with 

an inefficient manufacturing layout. To meet the upcoming competition and internal demand for efficiency 

a new way of arranging the production and material flow was needed. When the new layout was 

completed, AutoMod, a computerized tool used to build models and simulate these, were used. Interviews 

and further data collection were made to secure that the model behaved as close to reality as possible. Our 

simulation began as soon as we had verified and validated the model. The simulation indicated that the 

layout was behaving as expected and that no major disturbances where present.

34

T. Hansson, T. 

Johansson, 

(2004)[38]

The studies first objective was to compare the present and the future axel process in a Lean Production 

perspective and to suggest a number of possible improvements for the axel process.

The second objective was to suggest a production sequence that minimizes the buffer level in the axel 

process. To be able to solve the problems in this master’s thesis two different methods had to be used, a 

case study and a simulation study. The utilization of two methods gave a possibility for triangulation as well 

as synergies in the process of data collection. For the study both

quantitative and qualitative data was collected. The case-study concludes that the future axel process is 

better from a Lean Production perspective then the present. The value adding time

increases at the same time as the products in work, lead time and the distance is decreased.

35

H. Tärnqvist, N. 

Engdahl, 

(2003)[39]

In this report it is analysed if simulation could be a suitable method to investigate how processes and times 

in a sequential flow, from the point when material arrives to the point when empty trolleys leaves SAAB, 

work together. The purpose of this project is to hand over a proposition with a method to improve and 

optimize sequential flows on Saab Automobile AB in Trollhattan. Due to the projects extent and time 

schedule the project must be restricted to evaluate a couple alternative simulation programs to analyse 

material flow.
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36
K. Brovig, 

(2002)[40]

This dissertation has been carried out at Fehrer Sweden AB. The aim with this project was in the first place 

to create a functional model of the production on Line 511 and Line 516. Further expectations was to find 

bottlenecks, optimise the production and implementation of Line 515 which was under construction. A 

model was build with Quest and there was time for both implementation of Line 515 and optimising of 

actual production layout.

37
C. Ljungberg, 

(2001)[41]

Efter att ha bestämt nuläget kunde framtida scenarier med nya indataparametrar simuleras och jämföras 

med nuläget. Indataparametrarna i form av ledtid och batchstorlek diskuterades fram i samråd med Arjo. 

Indataparametrarna bildar två olika scenarier vilka benämns scenario Min och Med. När scenarierna var 

simulerade analyserades materialet. Resultatet blev att majoriteten av artiklarna vid de båda scenarierna 

Min och Med förbättrade det totala resultatet, men marginalen var knapp. I scenario Min förbättrades 8 av 

13 artiklar och i scenario Med förbättrades 7 av 13 artiklar. Artiklarna och deras attribut, ledtid och 

batchstorlek måste således väljas med stor omsorg för att resultatet skall bli lyckat. För att inte förstöra 

potentialen beräknades ett alternativt scenario där artiklar som försämrade potentialen togs bort.

38

A. Asplund, U. 

Hedström, 

(1999)[42]

This master thesis contains an empirical case study conducted at VAC. The case study investigates the 

financial advantages with pooling of spare engines between VAC and their customers. To predict the future 

outcome a discrete event simulation model in Witness has been created. The model has been used to 

compare the current situation's existing demand for spare engines with a future pool's demand, given the 

same safety-levels against stock-out. Based on the numerical results recommendations have been made 

regarding the ways in which a pool could be established. Conclusions regarding the future financial 

outcome of the recommended pool have been drawn.

39

K. Björnham, C. 

Marklund, 

(1997)[43]

The results of the simulations show that if you change the process mixture as planned the productivity will 

decrease drastically unless the factory is modified. Simulations with modifications have been made to 

study how the production capacity can be increased. The modifications studied are of realistic nature, such 

as reducing the load on bottlenecks by minimising time for setting up equipment, using present equipment 

in other ways and investing in new equipment. Some of these modifications are planned to be carried out 

in the future. The simulations show that these modifications are not sufficient to maintain the current 

production capacity.
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Appendix 2. The LSCM issues explained 
  

LSCM issues Brief explanation

1 Supply chain structure

Designing the supply chain structure refers to the 

configuration of the chain, the sequential links between 

different activities or processes. Typical decisions made are 

related to the flow of materials between stages, involvement 

or not of intermediaries, pull versus push configurations, etc.

2 Process Redesign 

Supply chain redesign or re-engineering involves changes in 

its structure (facilities, production processes, transportation) 

and processes. An emerging stream of work in this category 

explores the streamlining of physical transformation 

processes to simplify the decision-making and control to 

eradicate waste, such as: Total Quality Management, Just-in-

Time, Kaizen etc. Supply chain redesign is associated with 

strategic management as it requires an overall understanding 

of business processes.

3 Supplier selection

Related to procurement that is the process of purchasing raw 

materials needed to make finished goods or to support the 

operations of a firm. The selection of intermediaries or 

suppliers is made based on the evaluation of procurement 

bids for multiple products or suppliers.

4 Facilities/capacity planning

Typical decisions are the determination of the facility role and 

processes to be performed, facility location and capacity 

allocation, etc. These decisions are usually linked with the 

objectives and long term vision of the firms or partners in the 

chain and hence considered a strategic issue.

5 System performance

The performance of the supply chain is evaluated using a 

number of criteria, such as transportation cost, resources 

utilisation, inventory level, order cycle time, delivery 

performance, etc.

6 Bullwhip Effect

The phenomenon of upstream order magnification in the 

supply chain. Due to the fluctuations, supply chain partners 

do not receive a reliable picture of inventory levels which 

results into a poor alignment between demand and 

production patterns across echelons.

7 Supply chain integration

Supply chain integration enables the cooperation of two or 

more systems in pursuit of complementary objectives. This 

category includes a number of coordination mechanisms 

such as: vendor managed inventory, quantity discounts, 

quantity flexibility, allocation rules, quick response, strategic 

partnerships, etc.

8 Information sharing

Information sharing strategies are introduced as a sub-set of 

supply chain integration mechanisms, which aim to reduce 

the bullwhip effect and to improve the supply chain 

performance. Some of the hurdles encountered in 

operationalising these strategies are the reluctance of firms 

to share information on sales, demand, production and 

delivery, inventory levels, etc. This is considered as a separate 

category, due to the large number of papers on information 

sharing.
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 LSCM issues Brief explanation

9 Supply chain optimization

Supply chain optimization is mainly concerned with the 

identification of optimal policies that optimise key 

performance indicators, such as profits, costs, product flows, 

etc.

10 Cost reduction 

Cost reduction is often the incentive of various policies 

undertaken such as electronic data interchange, inventory 

management, etc.

11 Replenishment control policies 

These policies deal with the control of stock levels in the 

echelons of the supply chain and the ordering policy. The aim 

is to have the right product quantity at the right location and 

at the right time. The choice of inventory replenishment 

policies aims to achieve low inventory while maintaining high 

delivery performance.

12 Inventory planning/management 

Deals with the management and movement of goods 

throughout the supply chain. Studies on inventory planning 

and management focus on optimisation of service levels or 

process time by varying the location or quantity of inventory. 

In each echelon, a decision is made to manage the inventory 

based on inventory levels, holding and backlog costs and 

replenishment control policies.

13 Planning and forecasting demand 

It can be the primary or secondary focus of simulation 

studies, where the objective is to anticipate or to mitigate the 

risks involved. These models generate forecasts of the 

expected future demand and investigate the impact of major 

demand changes on supply chain echelons.

14 Production planning and scheduling 

Production planning and scheduling deals with the 

management of manufacturing processes and the policies 

that determine the configuration of the production sequence 

and resource allocation, material handling, scheduling of 

machines and work centres. Simulation models are often 

concerned with the effect of different production planning 

rules on supply chain performance.

15 Distribution and transportation planning 

Deals with the physical movement of inventory (products, 

materials) from one stage of the supply chain to another. 

Some decisions made are: the design of the transportation 

network, choice of transportation models, the management 

of vehicle fleet (routing and scheduling), etc.

16 Dispatching rules 

Dispatching rules deal with decisions made regarding the 

fulfilment of specific customer orders, considering on one-

hand delivery dates and on the other hand utilisation of the 

manufactures' shop floor.

17 Reverse logistics 

Reverse logistics is concerned with the recovery of products 

as spare parts or recycled products at the end of their life 

cycle. Product recovery is driven by economical and 

environmental incentives, which at the same time affects 

companies' manufacturing and collection activities.


