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This report deals with problems related with the increasing traffic to The Port of Bahía Blanca,
Argentina, which has resulted in an escalating need for higher efficiency, since the current facilities have
problems with fatal accidents, long turnaround times and overall congestion. The case study for this
project is a truck handling facility and the objective has been to analyze the turnaround time and how it
could be reduced. 

This report also examines the facility from the case study as an actor of its supply chain and how it is
possible to develop it with respect to its supply chain. The structure of the supply chain is investigated,
as well as the power bases of the different actors.

This report presents recommendations for changes at both operative and strategic levels.
Recommendations that would result in a more efficient supply chain as well as opportunities for
increased profits for actors of the supply chain.

Logistics, Supply Chain Management, Port Management, Simulation, Turnaround times for trucks,
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Summary 
 

The Port of Bahía Blanca has for many years been an important center of transportation of 
agricultural products in Argentina. The increasing traffic to the port has resulted in an 
escalating need for higher efficiency, since the current facilities have problems with fatal 
accidents, long turnaround times and overall congestion.  
 
This project is focused on inbound truck traffic for four of the terminals in the port 
handling grain and cereals. All the trucks are compulsorily required to go through a facility 
called the Triangle where trucks are checked in and queued until they are allowed to 
proceed to the unloading facilities at the terminal. The Triangle is the case study for this 
project and the objective has been to analyze the turnaround time and how it could be 
reduced. The second part of this project examines the Triangle as an actor of its supply 
chain and how it is possible to develop the Triangle with respect to its supply chain.  
 
A simulation model of the Triangle was constructed and several scenarios were analyzed. It 
was then possible to determine the principal reason for congestion and long turnaround 
times; the reason being poor synchronization between the arrival of the trucks and the 
capacity at the terminals. The arrival pattern was changed in the model and this made it 
possible to reduce the turnaround time significantly. By creating six appointment intervals 
per day it was possible to reduce turnaround times by around 50 per cent for three of four 
terminals. Other affecting factors such as check-in, quality control and batch sizes were 
also analyzed; however, these factors showed much less influence on the total turnaround 
time.  
 
The structure of the supply chain was investigated, as well as the power bases of the 
different actors. The current structure is somewhat complex and does not encourage the 
changes necessary to constitute an efficient supply chain.  
 
This project has resulted in recommendations at both operative and strategic levels. The 
operative recommendations are to use the current appointment system but in a stricter 
manner. Each day should be divided into at least six time-slots in which trucks are 
expected to arrive. A differential price strategy for arriving trucks should be used in order 
to encourage punctuality. Penalty fees should be implemented when the terminals do not 
follow the stated schedule. 
 
In order to implement the changes and ensure the quality of the services it is necessary to 
instate a channel captain for this supply chain. The Consortium, the manager of the port, 
should take a more active role to become the channel captain to support overall 
optimization of the supply chain, rather than of local segments.  



Resumen 
 

El Puerto de Bahía blanca ha sido durante muchos años un importante centro de 
transportes de productos agrícolas en la Argentina. El incremento de tráfico en el puerto 
ha resultado en una creciente necesidad de superior eficiencia, puesto que las instalaciones 
actuales tienen problemas con accidentes fatales, tiempo de respuesta largos y congestión 
general. 
 
Este proyecto enfoca el tráfico de entrada en dirección hacia cuatro de las terminales 
portuarias de granos y cereales. Se requiere que todos los camiones obligatoriamente pasen 
a través de una facilidad llamada el Triángulo, donde son registrados y puestos en espera, 
hasta que se les permita proceder a las facilidades de descarga en la terminal. El Triángulo es 
el caso de estudio para este proyecto y el objetivo ha sido el de analizar el tiempo de 
respuesta y cómo éste podría ser reducido. La segunda parte de este proyecto examina el 
Triángulo como agente de su Supply Chain, y cómo es posible desarrollar el Triángulo con 
respecto a la misma. 
 
Se construyó un modelo de simulación del Triángulo y varios escenarios fueron analizados. 
Así fue posible determinar la razón principal de congestión y largos tiempos de respuesta; 
siendo la razón una pobre sincronización entre la llegada de los camiones y la capacidad de 
las terminales. Se cambió la secuencia de llegada en el modelo y esto hizo posible reducir 
significativamente el tiempo de respuesta. Creando seis intervalos de llegada por día, fue 
posible reducir los tiempos de respuesta con alrededor del cincuenta por ciento para casi 
todas las terminales. Otros factores tales como el registro de entrada, el control de calidad 
y el tamaño de los grupos de camiones, también fueron analizados; sin embargo, estos 
factores mostraron mucho menor influencia en el tiempo de respuesta total. 
 
La estructura de la Supply Chain fue investigada, así como la base de poder de los diversos 
agentes. La corriente estructura es un poco compleja y no incita a los cambios necesarios 
para constituir una eficiente Supply Chain. Este proyecto ha resultado en recomendaciones 
tanto a niveles operativos como de estrategia. Las recomendaciones operativas son utilizar 
el sistema actual de registro de llegada, pero de forma más estricta. Cada día debiera 
dividirse en por lo menos seis períodos de tiempo en que se espera la llegada de los 
camiones. Una estrategia de precios diferenciados para los camiones que llegan, se debe 
usar para incitar puntualidad. Debería implementarse un sistema de multas a las terminales 
cuando éstas no se conformen al ritmo de aceptación notificado. 
 
Para que los cambios sean implementados y para asegurar la calidad de los servicios, es 
necesario determinar un capitán del canal para esta Supply Chain. El Consorcio de gestión 
del puerto de Bahía Blanca debe tomar un rol más activo para convertirse en el capitán del 
canal y así apoyar la optimización de toda la Supply Chain, y no solamente de los 
segmentos locales. 



 
Sammanfattning 
 

Hamnen i Bahía Blanca har sedan länge varit ett betydelsefullt centrum för 
jordbruksnäringen i området både när det gäller handel och transport av gods. Den 
intensivt ökande trafiken i hamnen har resulterat i långa väntetider, allvarliga olyckor och 
trafikstockning. Dessa problem har accelererat behovet för ökad kapacitet vilket i sin tur 
har initierat denna effektivitetsstudie.  
 
Denna rapport har sin huvudfokus på den inkommande trafiken av lastbilar till de fyra 
terminalerna som hanterar spannmål. Samtliga lastbilar som levererar gods till dessa 
terminaler är tvungna att gå igenom en inchecknings-/uppsamlingsplats som kallas El 
Triángulo. Fallstudien i denna rapport är baserad på El Triángulo och målet har varit 
analysera genomloppstider för lastbilarna och hur dessa genomloppstider kan reduceras. 
Dessutom behandlar denna rapport El Triángulos maktposition i försörjningskedjan samt 
försörjningskedjans förutsättningar att förändra situationen i hamnen.  
 
Genom att skapa en modell för flödet av lastbilar genom hamnen var det möjligt att 
analysera det nuvarande systemet samt testa alternativa lösningar. Det visade sig att 
huvudorsaken till de långa genomloppstiderna var ett resultat av dålig synkronisering 
mellan terminalernas kapacitet och lastbilarnas ankomstmönster. Genom att i modellen 
skapa sex ankomstintervall per dag var det möjligt att halvera genomloppstiderna för tre av 
fyra av terminalerna. Andra påverkande faktorer så som resurstillgång vid ankomst, 
batchstorlekar och kvaliteten på gods testades i modellen men visade sig ha en lägre 
påverkan för den totala genomloppstiden. 
 
I följande del av rapporten är strukturen av försörjningskedjan närmare analyserad samt de 
olika aktörernas maktbaser. Den nuvarande strukturen uppvisar en komplexitet som gör 
det svårt att införa nödvändiga förändringar för en effektiv styrning av försörjningskedjan.  
 
Rapporten avslutas med rekommendationer på såväl operativ nivå som strategisk nivå. 
Den viktigaste rekommendation på strategisk nivå är att använda det nuvarande 
tidsbokningssystem på ett betydligt mer organiserat sätt för att kunna få kontroll över 
ankomstmönstret. Varje dag bör åtminstone delas in i sex stycken intervall där lastbilar är 
förväntade att ankomma. För att uppmuntra aktörer och användare att hålla tider bör man 
använda sig av en differentierad prisstrategi, vilket innebär att kostnaden för att använda 
systemet bör påverkas av hur väl man följer avtalade tider.  
 
För att kunna implementera dessa förändringar och försäkra att en hög kvalitet av 
hamnens tjänster bibehålls krävs ett aktivt ledarskap av försörjningskedjan. Konsortiet, 
hamnens kontrollorgan, har i dagsläget en bra utgångspunkt för att ta denna roll men det 
krävs ett bredare perspektiv och ett mer aktivt ledarskap från deras sida för att nå en högre 
effektivitet för hamnen och försörjningskedjan.  
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1. Introduction 

1.1 Background 

The economic development of Argentina during the last few years has lead to an 
increasing export of goods, resulting in a growing demand for transport services at the 
coast. In the province of Buenos Aires, products such as cereals and grain are important 
exports, not only to other countries in South America but also to other parts of the world. 
As a result of this growth, the operation of the port of Bahía Blanca, has become more 
demanding when trying to assure that there is enough capacity. 
 
The port of Bahía Blanca is divided into several areas where different types of goods traffic 
are situated. The largest share of the traffic through the port is represented by cereals and 
grain but there is also significant traffic of petrochemical products, fertilizers and small 
quantities of mixed cargo such as containers and steel.  
 
The port of Bahía Blanca is managed by the Consorcio de Gestión del Puerto de Bahía 
Blanca, CGPBB, which is a consortium of companies and the municipality of Bahía 
Blanca. The Consortium is in charge of the administration and exploitation of the port. 
The Consortium is thereby not the operator but the manager of the port, servicing and 
supervising the companies that operate the different port terminals. The Consortium is the 
initiating party of this project. 

1.2 Presentation of the Problem 

As a result of the increasing traffic in the port, the Consortium has noticed problems that 
are becoming more and more severe. Since the Consortium does not have any direct 
influence in the decisions regarding the terminals, it is mainly dedicated to the maintenance 
and development of the facilities serving the terminals. 
 
Most of the incoming transports at the port arrive by trucks and this has resulted in 
recurring problems with exceeding queues of trucks on the premises, outside and around 
the port, during peak periods. During these periods, the queues can stretch for several 
miles, leading to extensive problems for the general traffic around Bahía Blanca. In 
addition to this, there have been indications that the throughput time for a truck is 
unreasonable high when compared to the effective time of the unloading procedure. The 
problem is not only affecting the Consortium; it is also resulting in loss of income for the 
truck companies when their trucks are left stranded in queues for hours.  
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1.3 Objectives 

There have been earlier projects investigating the current facilities and recommendations 
for expansion, which have been taken into account in this report. However, this project is 
an investigation of the current facility and if it is used in an efficient way. Furthermore, it 
analyzes the possibilities of capacity expansion, either by increasing efficiency or investing 
in new capacity.   
 
This project has two main objectives; 

 
 Examine and analyze the flow of trucks through the port’s facilities, in order to 

determine the main factors affecting the turnaround times  
 Evaluate how the structure of the port’s actors affects the possibilities for an 

efficient supply chain management 

1.4 General Limitations 

This study is limited to investigating the flow of trucks from the point where they arrive at 
the port to the point where they unload. Furthermore, this study is limited to the 
investigation of the flow of trucks moving through the main arrival point (The Triangle) 
since other flows of trucks are small enough to be neglected in this case.  
 
The ships, terminals and unloading facilities will not be treated independently, neither in 
the simulation nor in the analysis. These facilities will only be considered as general 
processes that affect the flow of trucks.  
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2. Method  

2.1 Scientific Approach 

All research or analysis should have a scientific approach as its foundation; a scientific 
philosophy that creates a base for the procedures of the main analysis work. System 
analysis refers to a systematical way of analyzing how an organization or a network of 
relations is structured regarding the behavior or activities within a certain area, with the 
aim to improve the performance.1 An existing system is represented in a model and 
examined to find internal and external factors which affect the system and its behavior, 
followed by the analysis and description of their relationship. There are some typical 
essential issues that are examined in a system analysis:2

 
 System limitations – What is the function and which boundaries does the system 

have.  
 System structure – Which elements does the system have and how it is 

structured. 
 A study regarding the flows of materials, energy and information, within the 

system and towards and from other systems. 
 How does the system interact with other systems and which control functions 

exist? 
 How does the system develop over time? 

 
The system analysis is the classic approach of systems theory and was the result of the 
need of observing, understanding and planning for development in complex situations 
where different objects interact. System theory has a fundamental base in the objectiveness 
in the study of flows as well as a focus on the whole system, rather than on its 
components. The systems approach is more effective in descriptive and explanatory 
studies than others when it comes to complex systems that have interacting factors and 
demonstrate synergic behavior. 2 Therefore, the systems approach was used during the 
development and analysis of this report. Furthermore, according to the definition of 
system analysis this report composes a typical system analysis. 

2.2 Induction and Deduction in Science 

Two main approaches can be used in drawing analytical conclusions. The first of them is 
induction and it is the basic method of science. It is the process of drawing conclusions 
about a whole field of study, from observations or experiments made on a smaller part of 
the field of study, basically, making generalizations by conducting tests. However, this type 
of inductive method is somewhat hard to justify philosophically. Nevertheless, people use 
this type of reasoning continually. As an example, very few people worry about the 
possibility that they may be thrown off the earth because of the failure of the law of 
gravity. It works today, and it has been working for a long time, so it probably should be 
working tomorrow. By using this method it is possible to explore and draw conclusions 

 
1 The institution for risk management and security analysis: http://www.irisk.se/riskhant.htm 
2 Ejvegård, R (2003), Vetenskaplig metod (tredje upplagan), Studentlitteratur 



 

without the need to be limited by accepted theory. The other method of science is called 
deduction and it is the process of applying already known rules and laws in form of 
hypotheses and trying to fit them to the observed behavior or results. In other words, past 
research is used as a base to draw conclusions from individual and other similar events. 
The two types of methodology and their relationship can be seen in figure 1.3

 
Figure 1: Deduction vs. Induction 3

 
Patel et al (1994) is one of many that argue that induction and deduction are two separate 
research methodologies and that these two cannot be used at the same time. However, in 
our research field many of the accepted theories are not quite applicable at first sight. This 
has made it necessary to have an approach where both methodologies are used to some 
degree. This thesis will have a deductive methodology to the extent possible, where 
theories from Supply Chain Management and logistics as well as inventory management 
will build an important base for further research. Nevertheless, at times where the theories 
are not applicable we will have to state our own hypotheses from extensive 
experimentations and observations and at this stage use a practical inductive approach. 

2.3 Research Methods 

The reason for using a research method is to make it easier to approach the research 
project in a structured manner. These methods provide guidelines on how to work and 
write reports about the data, how to compare and describe and, finally, how to deal with 
the results and hypothesis. Some of the methods that can be used according to Ejvegård 
(2003), are listed and described below4;  
 

 Description: Often used when dealing with very general questions. The method is 
more or less a description of, for example, a problem, an organization or a case. 
Even though the method might seem simple, it is important to point out that 
collecting facts and presenting them in a structured and clarifying manner is the 
essence of description.  

 
 Case Study: When working with complex systems or large processes it can be 

practical to use this method. The principle of Case Study is to examine a small 
part of a system, process or organization and then draw conclusions about a 
specific case that can be applied to the whole system. The case study method can 
also be used as an initial step when approaching a problem to understand, rather 
than explain, the system before answering questions and developing hypotheses.  

 

                                                 
3 Patel, R & Davidsson, B 1994 Forskningsmetodikens grunder: att planera, genomföra och rapportera en 
undersökning - Studentlitteratur, Lund 
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 Classification: An important method to consider when collecting (and before 
collecting) data for a research project. There are some special logical 
requirements that the classification should fulfill. For example, the classification 
should be reliable and suitable for the context. There should be classes for all 
possible values of data to avoid a case where a sample could not be classified. 
The classes should be designed so that there is no doubt how each sample 
should be classified. If there are classes without any samples the classifications 
should be reconsidered since it is a clear sign that something was incorrect from 
the beginning.   

 
 Quantification: Transforming data into numbers (quantification) can have many 

advantages when presenting, analyzing and working with the data.  
 

 Test of Hypothesis: A hypothesis can be described as a qualified guess - qualified in 
the meaning that the guess is based on facts. This method can be used to explain 
or clarify how things have happened, how they work or are connected. The 
researcher creates one or more hypotheses of, for example, how events take 
place. By rejecting or accepting the hypotheses, a better understanding of the 
actual case is obtained while advancing towards a solution. It is important to be 
aware of the risk that the hypothesis might not be evaluated objectively since the 
researcher will most likely present a hypothesis that he believes in.  

 
 Formulating a Theory/Model: This method can be seen as a further step of the 

method of using hypotheses. A theory can be a simplified idea of how a research 
object behaves or is related to other objects. By using facts combined with 
hypotheses it is possible to draw a chain of conclusions to finally form a theory. 
The next step in the process is to use the theories to form a model. A model is 
more or less a simplified explanation of how a system works. The accuracy of the 
model depends of how simplified the model is; with a higher level of detail it is 
possible to achieve higher accuracy. One advantage of using a model is that it can 
often be used with different data. If a model has been developed for a previous 
case, the model can still be used as long as the system works in a similar way and 
the input of the model is updated. 

 
 Comparison: A common but difficult method since it requires high similarity 

between the compared objects. It is often necessary to generalize the features 
that are being compared and convert measurements so it describes the same type 
of data. 

  
 Prediction: A recursive process where a new prediction is based on earlier 

predictions. A prediction is made concerning for example a system. Predictions 
are always more or less wrong but to reduce the error the results will be analyzed 
and taken into account when making the next prediction.  

 2.3.1 The Chosen Method for this Research  
During this research project a number of methods have been used in different periods to 
best capture each current phase of research. However, the main approach to the project 
has been the Case Study method. It has been found to be the most appropriate method 
since the focus of the project is on a link in a supply chain. Conclusions drawn regarding 
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how this system works and how it should work, will be evaluated as if the system were a 
regular supply chain. This method, combined with the Method for Formulating Models, 
has been a way of understanding the system. A model was created based on facts, with the 
objective of simulating a simplified version of the actual system in order to test hypotheses 
before implementing changes in the actual system. Prediction was also used but only on a 
very basic level, when discussing solutions to future changes regarding this case.  

2.4 Methods for Data Collection 

Data for research projects can be categorized in particular, specific data collected 
exclusively for the research project, and data from other sources. Furthermore, the 
collection of data can be categorized in quantitative data and qualitative, the former being 
data collected by observations of existing systems or by experimentation on similar 
systems, while the latter refers to data collected through interviews or surveys made with 
the people involved in the system.5

 
Statistical material available for example from databases can also be a good source of 
information if correctly used. When using statistical data it is important to consider how 
the data is classified, which data should be used and how it should be used to best 
represent the actual system. Even though raw data or data taken from databases often 
require extensive processing before it can become useful, it can be very valuable when 
using computerized statistical methods for analysis.6

 
When conducting interviews it is requisite that the interviewer is objective, since there are 
great risks that the interpretation of the answers will be biased by the interviewer’s own 
thoughts and opinions about the questions. In most cases it is recommended to only 
interview one person at a time and carefully choose which persons to interview. It is also 
important that the interviewer never try to force answers or form questions that are 
implying the opinions of the interviewer. Since the results are very dependant on how the 
interview was documented and remembered by the interviewer it can be a good idea to 
record the interview. By recording the interview it is easier to return to and analyze exactly 
what was said, while at the same being easier for the interviewer to keep focus on the 
conversation instead of taking notes. However, recorders should be used with 
consideration since it might make the interview less open and relaxed.6

2.4.1 Collection Method Used  
The data needed for this study includes data of both quantitative and qualitative type. 
Quantitative data was recorded manually by visiting the actual scene and observing the 
different processes. Times such as the travel time between facilities as well as arrival times 
were recorded manually. Due to the availability of data it became necessary to use data that 
was recorded for other purposes to be able to get information on special cases, such as the 
peak period. Interviews were the primary source for obtaining information regarding the 
logic of the system and data that was not recorded earlier or data not possible to record at 
this stage. Interviews were conducted with supervisors at the facilities, truck drivers using 
the system and managers in charge of the system. Interviews have been recorded when 

 
5 Zikmund, W (2000), Business research methods, Harcort Inc 
6 Ejvegård, R (2003), Vetenskaplig metod (tredje upplagan), Studentlitteratur 
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possible. In these cases permission was requested from the interviewed person to assure 
that the recorder did not affect the interview in a negative way.  

2.5 Research Procedure for this Study 

2.5.1 Introduction 
The project officially began on the 31st of October 2006, even though some initial work 
had been completed before that. The main structure of the problem as well as the 
objectives had been discussed before the project start, though no definite decisions were 
made. The first week should be considered as an introductory period. During this week, 
key employees were introduced to the researchers and information about the area, its 
surroundings and the companies involved in the supply chain were procured. A general 
study of the scene, to achieve a basic understanding, regarding the structure of the 
company and the key issues was an initial step in this project. The supervisor of this 
project presented a general introduction and contributed with reading material about the 
CGPBB and its history. The website of CGPBB was as also used as a source of 
information during this period. As a complement, a report about the facilities involved in 
the grain transport at the Port of Bahía Blanca was carefully studied. After achieving an 
adequate general view, the objectives of the project were revised to better capture the 
actual situation.  

2.5.2 Reference Framework 
The search for relevant literature was based on the three main research fields that are 
included in this project; Supply Chain Management, Logistics and Simulation. Knowledge 
within these fields was mainly collected in two different ways; books and databases. The 
books were located at the libraries of Linköping University, LiU as well as the libraries of 
Universidad Nacional del Sur, UNS. An issue that affected the collection of literature is the 
considerable age and the small variety of books available at UNS. When dealing with older 
books, it is important to verify that the theories presented are still valid and useful. This 
has led to a need for constant source criticism towards the theories presented. The 
databases used were all web based databases that are reachable through the online library 
of Linköping University. These databases are of two main types; electronic press and 
publicist databases. Electronic press consists of earlier research projects and Masters theses 
published by  Linköpings University, and the publicist databases consists of a multitude of 
databases that publish articles and work from researchers in all fields of study. These 
databases are an important source when looking for different points of views on similar 
projects, as well as information and conclusions regarding the latest theories used in 
research. When looking for information, the main elements were divided into subgroups 
concerning research fields such as port operations, power and trust, inventory systems, 
lead time analysis, just-in-time concepts, discrete event simulation and logistical systems. 
One of the aims was to get a better understanding for how the case study object fits in the 
total supply chain and how its actions affect other actors, before trying to find a solution 
for the problems. 
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2.5.3 Field Study and Interviews 
The theoretical study was conducted simultaneously with several visits to the terminals, the 
Triangle and other relevant facilities. This was done to understand the system as well as to 
get opinions from the users of the system. In other words, what the people in the system 
from their different positions think about how it works and it is managed. In addition to 
these interviews, the information and opinions presented were discussed with employees at 
management level, in order to clarify which of the problems already had been investigated 
and which adjustments had been made since then. There were several times when 
information gathered during an interview turned out to be exaggerated. However, thanks 
to the control of information with a multitude of sources, both on management and 
operations level, it was possible to reduce misinformation to a minimum. These initial 
interviews made it easier to adjust the project to better face the underlying problems 
instead of focusing on the symptoms.  

2.5.4 Case Study 
To be able to conduct the case study in form of a simulations study, data was collected 
from several instances, mostly from the CGPBB, the terminals, as well as the Triangle. The 
CGPBB was the repository of most of the necessary information, as they gather 
information from all the terminals as manager of the port. The Triangle, after some 
discussion, passed on information regarding arrivals and it became possible to collect data 
regarding check-in and line assignment. The terminals contributed with data over quality 
distributions and information over their working procedures. Other information and data 
was also received from small consulting firms specializing in logistic and transport issues. 
The collected data was then processed to obtain usable information for example arrivals, 
process times and order intervals.  
 
Using the knowledge gathered from the field studies together with the interviews, it was 
possible to create a preliminary conceptual model that was later implemented in Arena. 
During the modeling phase of the project, knowledge from new interviews made the 
modeling into a recursive process where the conceptual model was adjusted several times 
to better describe the actual case. The modeling and verification was processed recursively 
to reduce errors at the final verification. The simulation model was later validated in a 
comparison with data from the actual case to be able to draw conclusions from the results 
of the simulation runs.  

2.5.5 Analysis 
The objective of the analysis is to draw conclusions from the results of the experiments in 
order to find answers to the questions that were asked in the objectives of this project. The 
analysis covers a discussion over the quantitative result from the simulations; how they 
should be interpreted, how they should be used and how this could affect the system. This 
is followed by a qualitative discussion about issues regarding the possibilities for change 
and how other ports and similar facilities have solved similar problems. The discussion of 
the results and the recommendation has the objective of bringing into focus the feasibility 
of the recommendations; the best solution might not always be a possible solution.  
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2.6 Validity and Reliability 

To be able to present trustworthy conclusions and recommendations a report or analysis 
must have an acceptable scientific level. Some special aspects must be considered regarding 
the techniques that are used in the analysis. Measures, parameters, instruments, 
experiments and methods used in the analysis must be both validated and reliable. If these 
requirements are not satisfied, the results of the analysis have no scientific value. Validity 
and reliability will be further explained in the coming paragraphs, following a short briefing 
of the validity and reliability of this report.7

 
Validity expresses to what extent the report or analysis captures the essence of the object 
or system that is studied. There are two main types of validity, external and internal. 
External validity addresses the question of to what level experiments and their results can 
be generalized to be applied and used on other similar studies with different conditions. In 
other words, if the observations and conclusions made on an experiment can also be used 
to explain the behavior or results regarding other subjects, conditions, times and places.8 
Internal validity refers to the extent the relationship between theory and empirical 
assessment is logical and if the appropriate methodology has been correctly used. There 
are three ways of verifying internal validity: horizontal examination and criticism, 
participant control, and clarification of distortedness in the material.9  
 
Reliability is used as a measure that shows how trustworthy and useful a certain method, 
experiment or result is. As an example, perfect reliability would be given if, regardless of 
types of investigating method, opinions and values of the researcher, a new analysis and/or 
experiment could be performed and exactly the same results and conclusions were 
presented. In other words, an analysis made with high reliability would provide objective 
and correct conclusions. This is of course an utopia, as all researchers have certain types of 
values, knowledge and experience that will influence the results of an analysis.8  

2.6.1 Validity and Reliability for this Study 
The validity and reliability of this report and its conclusions is an important issue. In order 
to have valid conclusions, it is a requisite that the experiments and observations have good 
validity. This was accomplished by using the three methods for good internal validity. 
Horizontal examination and criticism, as well as participant control were carried out 
through the supervisors at both CGPBB and LiU in form of regular debriefings. 
Clarification of the distortions in the research material and the conclusions are presented 
in the chapter: General criticism of sources. The observations and experiments that were 
carried out, were done, designed and executed with external validity in mind, in order to be 
able to draw conclusions that could be used in similar systems.  

2.7 General Criticism of Sources 

The reliability of the sources in scientific research is of great importance. Not only in that 
the sources are correct but also that they are considered objectively. A good rule of thumb, 

 
7 Ejvegård, R (2003), Vetenskaplig metod (tredje upplagan), Studentlitteratur 
8 Graziano, A et al (1998), Research methods – A process of inquiry, Harper & Row 
9 Carlsson, D et al (2001), Flexibel fysisk distribution, Exjobb EKI - LiU 
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is to always try to control the source of information. When something is taken from its 
context or when it is summarized, it can easily be misinterpreted and cause wrong 
conclusions. It is therefore recommendable to avoid secondary sources as much as 
possible.10

 
When choosing between older and more recent published sources, it is in most cases best 
to use as recent sources as possible, since a recently published book should contain the 
most updated information within its field of research. It should nevertheless be pointed 
out that even if the latest material is the best source of information, there are exceptions 
where older sources are just as good or possibly even better. An additional issue to 
consider when looking for the latest material is the advantage of a source from the same 
time as the occurrence. Even if a source has significant experience from a situation, some 
parts may be left out when describing it long afterwards, instead of at the same time it 
occurred, or shortly after. Therefore, it is recommendable to find sources as close in time 
as possible to the actual experience.10

 
There are a few rules that can be used when comparing the quality of different sources. It 
is possible to base the quality of the source on the formal merit of the source. This is a 
common approach but it is best suited for sources where objectivity is considered to be 
very high. To follow the mainstream is another alternative, in other words, believe in what 
most experts believe is correct. A third alternative is to rely in the source which has an 
opinion closest to the opinion of oneself. The last two rules mentioned should be used 
with caution. A good way to sort out biased sources is to rely on a source if it does not 
have any advantage of the information. In addition, the case where one of the sources is 
wrong is more likely than the risk that several independent sources are describing the same 
situation incorrectly.10  

2.7.1 Criticism of Source for this Study 
The sources for this research project are of a very mixed character, some books are very 
old, while some are among the latest published within this field of study. Some of the 
verbal sources are biased, while some are less affected by the research subject. It has not 
always been possible to use independent sources or the most recently published books, 
which is why it has been necessary to be extra careful when checking the reliability of the 
sources. High reliability has been given to those sources that are considered as experts 
within their field of knowledge and for these cases secondary data has been accepted. 
When investigating fields that have a relatively recent development, such as supply chain 
management and power relations, the objective has been to find the latest material and the 
most updated sources.  

 
10 Ejvegård, R (2003), Vetenskaplig metod (tredje upplagan), Studentlitteratur 



 

Final thesis “Analysis of Turnaround Times for Increased Capacity at the Port of Bahía Blanca” by Sven Thoresson and Jan Westlund. 
 

11 

                                                

3. Reference framework 

3.1 Supply Chain Management 

A supply chain is a network of directly or indirectly involved parties, with the aim of 
fulfilling demand. This includes all parties involved, from manufacturers and suppliers to 
transporters and warehouses – from supplier’s supplier to customer’s customer. The 
supply chain is dynamic and consists of constant flows of information, goods and funds 
between different stages on their path to the final consumer. The primary objective is to 
meet the end-customer’s demand, while at the same time generating profits for the chain.11

 
It is important that the supply chain has a well designed strategy to be able to compete 
against other competitors. Supply chain strategies include all types of operations, 
distribution and logistical strategies, as well as the decisions regarding inventory, 
transportation, operating facilities and information flows in the supply chain. It is essential 
that the supply chain strategy match both the uncertainty in demand and supply as well as 
the level of responsiveness in the chain, both factors included in the company’s 
competitive strategy. At the same time the supply chain must be tailored to best fit 
different customer needs. Customer needs change over time, as should the strategy, design 
and the structure of the supply chain.11  
 
The main task of Supply Chain Management (SCM) is to integrate and coordinate 
organizational units along the supply chain with the aim of improving competitiveness.12 
Or as Lambert and Cooper (2000) defines it: 
 

“Supply Chain Management is the integration of key business processes from end 
user through original suppliers that provides products, services, and information 
that add value for customers and other stakeholders”13

 
The performance of the supply chain in terms of responsiveness and efficiency have four 
main issues: information, inventory, facilities and transportation – some of which will be 
discussed later.11

3.1.1 Information 
Information has one of the most important roles in the supply chain. It enables different 
participants to coordinate their operations in order to reach higher efficiency.  A sufficient 
flow of information is the key to improving a supply chain. Without information, each 
stage will act independently and/or on their own forecasts which will make the chain slow 
and inflexible. Figure 2 illustrates the flows between two actors and it is essential to notice 
that information is a two-way flow between the customer and the supplier. It is important 
that the supplier provide the customer with information about availability, delivery times 

 
11Chopra S et al (2004), Supply Chain Management, Pearson Prentice Hall 
12 Stadtler, H et al (2004), Supply Chain Management and Advanced Planning, Springer 
13 Lambert & Cooper (2000) Issues in Supply Chain Management, Industrial Marketing Management 



 

and quantities so that the customer (which could be a production facility) can plan their 
operations better.14

 

 
Figure 2: Relationship between information flows15

 
The development of information sharing systems has increased the possibilities to share 
information. However, there are still obstacles; one of the largest is the habit of keeping as 
much information as possible within the company to avoid a competitor obtaining an 
advantage. To be able to get the whole of the supply chain to work towards the same goal, 
all the stages in the supply chain need to have access to the necessary information. This 
could for example include forecast and sales data, as well as delivery deadlines. This 
information would make it easier for the different stages to plan their own operations. The 
point is not that all information should be shared, rather that the correct information 
should be shared.14

3.1.2 Managing Inventory 
Inventories in a supply chain exist for several reasons. However, focus in this report will 
be brought to when inventory is managed to smoothen out the production pace. When 
there are great uncertainties in deliveries from the supplier, it will become more difficult to 
maintain continuous production without keeping inventory. Maintaining continuous 
production is especially important when fixed or startup costs for production are very 
high. If these costs are high and raw materials are of low value, a sufficient inventory 
should be considered.14 However, there are risks related to holding inventory, which 
should be carefully considered when designing an inventory strategy. These negative 
aspects of inventory could include the risk of increased holding costs, deterioration costs 
and high turnaround times. The risk that is most important to this case is the risk of 
unnecessarily high turnaround times. Since all the items have to move through the 
inventory (in a regular inventory system) the turnaround time for each item will be very 
high if the inventory level is high. A high turnaround time will cause unnecessary costs of 
holding goods in inventory, and high inventory levels also affect costs of storing goods, for 
examples in warehouses, silos or trucks.14

                                                 
14 Chopra S et al (2004), Supply Chain Management, Pearson Prentice Hall 
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3.1.3 Managing Uncertainty 
Even with a well organized supply chain it will be difficult to avoid some uncertainty. 
However, much can be done to avoid fluctuations of demand and reduce lead times in 
order to decrease uncertainty. One important issue that should be considered in particular 
is the impact on lead time that agreements of sharing information can have.16

 
Normally the buyer has a deadline when an order must be placed to ensure delivery by a 
certain date. However, the sooner the buyer can place this order, the easier it will be for 
the supplier to deliver the order before it runs out of stock. If a producer is making 
forecasts and is willing to share these with the supplier, then the supplier can plan its 
deliveries much better and achieve higher certainty. Deliveries with high certainty will 
result in a decreased safety stock at the producer. Even though forecasts often are based 
on seasonal cycles and the objective is to minimize the total cost over this cycle, it is 
important to continuously update the forecast to keep track of the trend of events.16 17

 
Forecasting is very important when dealing with raw materials, which are sensitive to 
seasonal changes, not only in order to manage demand but also for planning production. 
There are two basic options for a company that is facing large seasonal changes in demand. 
One way to handle the issue is to try to follow the seasonal variation by changing the 
production capacity by hiring or discharging employees and opening and closing parts of 
the facility. Another way is to use inventory to smoothen the level of production over the 
year so it becomes more constant. A combination of these two extremes is of course 
possible as well. However, how the combination should be weighted is dependant on the 
circumstances such as the holding cost for the material and the supply of labor. When 
dealing with low cost raw materials and large seasonal variations, increasing inventory 
should definitely be considered. A smoother production rate will also lower the 
requirements for supporting facilities and suppliers as well as reduce the risk of congestion 
of the supporting systems. Regardless of which method is used for dealing with 
uncertainty, the plan should be shared with the other parts of the supply chain since it can 
help them to make more accurate plans and more easily meet demand.17 Another 
important issue to consider when reducing inventory levels is order quantities. High order 
quantities will contribute to two problems: high safety inventory and problems related to 
large deliveries. If there are extended time periods between order placements, it will be 
necessary to keep a high inventory level to avoid stock out. If deliveries are aggregated 
rather than continuous there is also an increased risk for congestion. For example, if a 
manufacturer receives 30 trucks on the first day of the month rather than one truck each 
day, this will lead to congestion or require great unloading capacity at the facility.16

 

These factors are easier to address successfully if there is trust among the participants of 
the supply chain. Often there are a few or a single actor that has the leading role in a 
supply chain and if this role is being used exclusively for local optimization of their own 
business it can lead to extensive disadvantages for the supply chain as a whole. Trust and 
relationships as well as power are discussed further in chapter 3.1.5.  

 
16 Chopra S et al (2004), Supply Chain Management, Pearson Prentice Hall 
17 Johnson, R A (1972), Operations Management a system concept, Houghton Mifflin Company 



 

Final thesis “Analysis of Turnaround Times for Increased Capacity at the Port of Bahía Blanca” by Sven Thoresson and Jan Westlund. 
 

14 

                                                

3.1.4 Transportation  
The main role of transportation in a supply chain is possibly also the most obvious one - 
moving goods between different participants and stages in the supply chain. However, 
there are many types of transportation modes and each one affects the supply chain in 
different ways. If the supply chain is dealing with low value products, the transportation 
tends to be more economical. Economical transportation modes can be identified as large 
shipments with few occurrences, and long transportation times - transportation by ship 
and in some cases by truck. The type of transportation mode a company should use is 
highly dependent on the competitive strategy. If the target is customers who want 
inexpensive standard products and are willing to wait for them, then an economical 
transportation mode might be the correct choice. If not, then other faster and more 
expensive modes might be better. However, if the available transportation mode does not 
fit the strategy, it will be difficult or even impossible to maintain the intended service 
level.18

 
The characteristics of different transport modes have an influence on how transportation 
networks are designed. Some transportation modes require great investments which makes 
it necessary to keep the utilization level as high as possible. For example, transport by ship 
is one of the most economic transport modes, which also has the highest initial investment 
cost. To keep the utilization as high as possible for the ships, the warehouses at the port 
often store the goods before leaving and after arriving at the port. By doing this, it is easier 
to minimize the time when the ship is idle.18

3.1.5 Control in a Supply Chain 
Supply chains have, according to their definition, a multitude of relationships. As in all 
relationships there are certain influences exercised by participants on the chain. These can 
be either ignored, or carried out by trust or power. Power and trust are issues that normally 
are not officially discussed in relationships, but yet there are power balances in all chains 
and they have critical effects on the decision making in the chain.19 The power and 
leadership structure will affect the behavior and design of the supply chain. One strong 
leader can control the direction and the possibilities of the chain, and there are often one 
or a few strong leaders in each supply chain.20  

3.1.5.1 Power 
A known definition of power is “power in its most general sense refers to the ability of 
one individual or group to control or influence the behavior of another”. In other words, 
power presents an opportunity to control the behavior of another participant, and in that 
way influence his decisions and actions. This, and “Actors are goal orientated and the 
general goal is to increase their control of the chain”, gives a feeling of the importance of 
power and dependencies on one another in the chain. There are a few bases for power that 
are often seen in supply chains:20 

 
 Position in the supply chain/network 
 Ownership 

 
18 Chopra S et al (2004), Supply Chain Management, Pearson Prentice Hall 
19 Huge Brodin. M (2006), Integrerad logistik – Lecture  
20 Lambert & Cooper (2000) Issues in Supply Chain Management, Industrial Marketing Management 
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 Relative size of the company 
 Access to critical resources 

o Raw materials 
o Knowledge/expertise 
o Market 

 
The members of the supply chain with access to these bases are more likely to be able to 
control the chain on a basis of power. The position in the supply chain is vital, as Lambert 
& Cooper (2000) state; “whoever has the relationship with the end user has the power in 
the supply chain”. The access to critical resources gives the firm a special feature that only 
that firm can manage, in other words giving power by being the only possible firm. 
Ownership and the size of the company are self-explanatory as money often equals 
control.  
 
There are two main methods of exercising power: coercive and non-coercive sources. A 
coercive source is a type of punishing exercise of power, where power is based on the 
expectation of probable punishment if the firm does not yield to the influence of the 
leader. Non-coercive sources are on the other hand, four different types of sources where 
punishment is not used as a mean of power. The four sources of non-coercive power are: 

 Reward power is based on the belief that the leader has an ability to reward the 
firm if the influences are accepted. 

 
 Legitimate power has its base in internalized values and rules inside the firm that 

makes the firm obligated to accept the authority of the leader. 
 

 Referent power is based on the identification with the leader, meaning a feeling 
or desire to be a part of the leader’s design or thoughts. 

 
 Expert power has its base in the level of knowledge that the leader has in relation 

to the firm. 

3.1.5.2 Power Structures, Relations and Trust 
The structure of power and the power bases in the supply chain will influence the 
willingness to co-operate in finding solutions to problems that affect the whole chain, even 
if these bring mutual benefits to the participants in the chain. The participants prefer a 
balanced power structure, presuming it decreases the direct and indirect costs of the 
exchange processes. As a result, balanced relationships will remain stable over time, while 
in unbalanced relationships, the participants will strive to increase their power advantage 
over time. As the participants strive to increase their power, the power structure will 
change over time at varying pace depending on the balance in the exchange relationships, 
this implying that the structure of power is a dynamic condition.21

 
The exercise of power, strong or deficient, affects the level of commitment from the other 
actors in the chain.22 A strong position does not necessarily mean that power is needed in 
order to influence the desired decisions. Even though power usage can be effective, the 
most effective means to reach ones goals might be to build trust into the relationship, co-
operation based on trust is often suggested as more purposeful. This can lead to 

 
21 Huge Brodin, M. (2002), Logistics Systems for Recycling, Linköpings University 
22 Lambert & Cooper (2000) Issues in Supply Chain Management, Industrial Marketing Management 
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efficiencies in terms of system capacity usage and cost savings. Building trust can be a way 
of increasing efficiency and effectiveness; at the same time it supports frequent and intense 
communication, which in turn is an important key-issue in a good supply chain 
relationship. It is important to remember that the ability of exerting power in itself can be 
perceived as threatening by other actors.23 This together with the statement by Lambert & 
Coopers (2000) “forced participation will encourage exit behavior, given the opportunity” 
leads to the conclusion that a balanced power structure in the supply chain, with a stable 
foundation of trust might be the best solution. 
 
Strong relationships will, according to Chopra and Meindl contribute to the following four 
points.24

 
 More stages of the supply chain take each other’s objectives into account when 

making decisions which contributes to minimizing conflicting objectives. 
 
 Actions to achieve coordination across the supply chain become easier to 

implement when it becomes more natural to share information. 
 

 By trusting other parties it can be possible to reduce duplicated activities; quality 
controls at each step could instead be done once, and be valid for the whole chain. 

 
 Sharing relevant information that can contribute to improved coordination of 

purchasing, production and transportation. 
 

3.1.5.3 Channel Captain 
In a supply chain or network there are always one or a few actors that have influence on 
other channel members. This type of leader, which may have official or unofficial powers, 
is usually called the channel captain. A channel captain is an participant that can control 
and influence the decisions and activities of other actors and has the possibility of 
designing the channel structure. Management and control are essential to a system and its 
performance. The control method is dependent on several issues and conditions, and the 
power structure in a supply chain is one of these issues.23 Therefore, the leadership of the 
channel captain can have substantial influence on the effectiveness and long-run survival 
of the supply chain.25

 
Accurate information as well as a high degree of visibility throughout the chain is very 
important to be able to lead an integrated supply chain. However, in reality, business 
information is often secret and even distorted for the simple reason that information is 
regarded as power, and in fear of losing power, there is a reluctance against sharing 
information even within the participant’s own chain. The possession of information on 
goods flows means a relative power advantage over the actor that lacks such information. 
In other words, information access is closely connected to a possible channel leader.23 The 
main issue is which actor in the supply chain or network should be channel captain. A 
consistent ongoing fear of revealing information and thereby losing power to other actors, 
speaks in favor of an actor with knowledge about the chain, which also possesses 

 
23 Huge Brodin, M. (2002), Logistics Systems for Recycling, Linköpings University 
24 Chopra S et al (2004), Supply Chain Management, Pearson Prentice Hall 
25 Mehta, R et al (2001), Leadership style, motivation and performance in international marketing channels, EJM 



 

information about all the actors. To reduce the risk of information exposure it would be 
best if the proposed channel leader is outside the “direct” system - a third party of some 
sort.26

3.2 Logistics 

Logistics is all about controlling and managing effective flows of goods and information as 
well as activities and processes. This management includes both strategic and operational 
issues. The objective is to increase profitability or at least maintain the same level – this at 
the same time as the competitive advantage is strengthened, e.g. by better service levels 
and lead times.27 In other words to minimize the total logistical cost of the supply chain 
while having focus on the whole flow from supplier’s supplier to customer’s customer.28 
The following definition of logistics was made by the Council of Logistics Management 
(1998) in order to have a clearer distinction between logistics and SCM: 
 

“Logistics is that part of the supply chain process that plans, implements, and 
controls the efficient, effective flow and storage of goods, services, and related 
information from the point-of-origin to the point-of-consumption in order to meet 
customers' requirements” 

 
Logistical operations include the primarily functions of transport, inventory operations and 
handling and processing of goods, with the related flow of information and resources. 
Until now the logistics function has been fragmented and uncoordinated. With each part in 
the chain making its own optimizations and adjustments with the goal of decreasing costs 
– unwillingly making sub-optimizations and increasing costs for the supply chain as a 
whole.27

3.2.1 Logistical Relationships 
Activities within the supply chain can be performed by several individual operators, 
together managing the logistical functions of the chain. Collaboration between actors in 
the supply chain can be accomplished in many ways and include different activities. 
Depending on the number of cooperating companies, and their functions, the type is 
called one, two or multi-part logistics, see illustration below.27

 

 
Figure 3: Picture of principal models of one-, two and multi part logistics 

                                                 
26 Huge Brodin, M. (2002), Logistics Systems for Recycling, Linköpings University 
27 Lumsden, K (1998), Logistikens grunder, Studentlitteratur 
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One Part Logistics denote a supply chain where either the supplier, or the customer, 
manages all the logistical events. However, it is not common that one part handles all the 
logistical events in the supply chain. Just-in-time deliveries are an example where one part 
performs most of the logistical procedures. For example, packaging and transportation as 
well as quality control and adjustments, all performed by the same supplier.29 More 
information about Just-in-time is found in chapter 3.2.4. 
 
A traditional logistical partnership is normally called two-parts logistics, the supplier 
manufactures, packages and transports the goods to the customer. However, a two-part-
logistic collaboration requires either the supplier or the customer to take responsibility for 
the transportation - if an additional transport firm performs the transport between the 
supplier and the customer the collaboration is a typical third part logistic relationship.29

 
Third part logistics signify a relationship with three parts in a supply chain, where one part 
is responsible for managing parts or most of the logistical functions within the chain. 
Relationships between three parts can be structured in many different ways. One way is 
signing up a transport firm to handle the main transport between the supplier and the 
customer, the other extreme is where a transporter is contracted to handle all transport 
duties and some times even more for the whole supply chain. These types of relationships 
are usually made on longer timeframes.29

3.2.2 Logistical Strategy – from both sides 
The distribution function has become an essential part of supplier’s competitive strategy, 
showing superiority in the delivery process to distinguish themselves from other firms. 
However, transport firms have a relatively simple task that easily can be performed by any 
other transport company – they manage the transportation and have responsibility only for 
a small part of the supply chain that generates the need for the task of transporting. With 
this in mind, there are two levels to a competitive strategy: a competitive price range and 
additional services to the customer.  Because of continuously reduced prices for the main 
task of transporting, transport firms aim to compete by offering additional services. These 
services can include anything and everything from delivering at odd times outside normal 
working hours, to more operational functions such as repackaging or other 
customizations. Until recently, additional services have been limited to parts of the supply 
chain but they are now offering to manage the complete supply chain - from production to 
end-customer. Instead of individual transports, the objective has become entire logistical 
solutions – from transport to inventory management and control.29

 
The main idea is that each firm manages and controls the processes that they are best 
suited for, leaving the transport duties to the transport firms – each company performing 
the operations and management of their core competence/business. However, there is a 
downside to third part logistics – the customer in these relationships becomes very 
vulnerable to the logistics firm because of their insight into the company. There is also the 
issue that the logistic service provided is extremely specific and complex – making it 
complicated to switch logistics contractors. These types of relationships are made on a 
very long time frame; therefore strong confidence between the parties is prerequisite to 
signing the contract.29

 
29 Lumsden, K (1998), Logistikens grunder, Studentlitteratur 
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3.2.3 Characteristics of Effective Systems 
Successful systems have shown to have a lot in common, they are characterized by five 
types of features: simplicity, flexibility, reliability, economy and acceptability; where the 
first three tend to be a result of the design of the system and the last two a result of both 
operational skills and the design. All according to Johnson (1972):30

 
 Simplicity: Effective systems tend to be simple and easy to handle. As the supply 

chain or company grows, slightly inconvenient processes will rapidly become a 
hurdle making it necessary to simplify the activities to smoothen the workload. 
The correct method to maintain a straightforward approach is to use precise 
definitions and have specific tasks for each subsystem. The whole system is likely 
to be complex just because of the size and operations involved. However, 
effectiveness and efficiency can be achieved if each subsystem maintains its 
simplicity. 

 
 Flexibility: There are two main ways to adjust a system to a changing 

environment; design a whole new system or modify the operational systems. An 
existing system should not be altered to accommodate changes in objectives, but 
be flexible enough to integrate changes in conditions. It is wise to have a well 
designed system, as long as it is flexible for changes. Changes in conditions or 
other affecting factors will occur, and a well designed system must be able to deal 
with these abnormalities. 

 
 Reliability: System reliability is the regularity in which the operations are carried 

out and is a critical factor for success in organizations. The regularity may differ a 
great deal, from total breakdown to extraordinary outputs under shorter periods. 
The characteristic of reliability can be designed into the system by cautious 
selection and arrangement of the operating components. For example, if there 
are requirements for a critical component of some sort, such as unique operators 
or machines, it may be well to maintain standby equipment. One approach is 
modularity in operations and design, to be able to exchange complete modules 
when failure occurs. 

 
 Economy: Effective systems do not necessarily have to be either economical or 

efficient. Having excess capacity in the system is good for effectiveness but not 
for efficiency. Depending on the aim of the system there is a trade off between 
effectiveness and efficiency. For example, production at the lowest possible cost 
is a typical trade off where efficiency is deemed most important. 

 
 Acceptability: Acceptability refers to the need for the system to be acknowledged 

by the operators in order to function properly. If the operators are against the 
system, forced to use it, or believe it is faulty, the system will not be managed 
correctly and will not function as it is designed to. Two possible outcomes await 
the system: it will gradually by modified by the users, or the system will not be 
used as it should and will finally fail. Adjustments made based on experience can 

 
30 Johnson, R A (1972), Operations Management a system concept, Houghton Mifflin Company 
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easily hide any advantages connected to the system, so it is recommendable to 
include operators in the design stages. 

3.2.4 The Concept of Just-In-Time 
The main idea of the concept is that outgoing/incoming goods should leave/arrive within 
a specified time frame. The main concept does not specify what kind of transport modes 
should be used or how often deliveries should be made, the key issue is well planned 
transports to reduce buffers. The Just-In-Time concept is a philosophy of procedures for 
improvement rather than a strict method for how things should be carried out on an 
operational level. This philosophy consists of 4 main parts:31

 
 Solving problems instead of hiding them with buffers: Instead of spending time trying to 

find temporary solutions for recurring problems, the solution should be found to 
the source of the problems. 

 
 Reduce waste of resources: All those activities that a product has to go through, that 

do not contribute to the product value are considered a waste of resources. 
Activities such as quality control and warehousing do not contribute to the end 
product’s value, hence they should be minimized.   

 
 Simplify procedures: All procedures used in the flow of goods should be as 

simplified as possible. Simplified flows will be easier to control more closely and 
correctly.  

 
 Develop systems that discover problems: To be able to solve existing problems, it is 

necessary to discover them first. With a system that easily discovers where the 
problems are, solutions can be found much faster without disturbing the flow 
more than necessary.  

 
The Just-In-Time concept demands more of the relationship between a supplier and a 
customer. This is because the ambition to minimize buffers and simplify the flow will 
make the system more sensitive to insufficient quality and disturbance in deliveries. 
However, the advantages with a working relationship can be very profitable and make it 
possible to keep high quality as well as high flexibility while minimizing the total cost.31

 
Some of the typical characteristics for Just-In-Time are small order quantities, high order 
frequency, simplified ordering procedures and deliveries directly to production without 
quality control, compared to the opposite when having a traditional philosophy on 
deliveries. How and which of these a firm should apply is not part of the Just-In-Time 
concept, rather an objective for the firm – a consideration on how these things can 
improve the current flow of goods.31

3.2.5 Lead Time Analysis 
There are several types of measures for time depending on which time is being expressed. 
The most used time denomination is throughput time, which is the time a product takes to 
go from raw material through to delivery to customer. Lead time is defined as the time 

 
31 Chopra S et al (2004), Supply Chain Management, Pearson Prentice Hall 



 

between when an order is placed until the point when the order is delivered. The point at 
which the lead time is derived is called the CODP – Customer Order Decoupling Point. 
The CODP is placed as far back in time as possible as long as the goods can be delivered 
to the customer within the requested time. An illustration of their relationships is shown 
below:32

 
Figure 4: The logistics pipe33

Lead time is a very important factor since it affects the planning of the operations 
regarding both internal and external lead time. There are two ways of decreasing the lead 
time. The first one is to finish more work on each product without having an actual order, 
in other words, make to stock. The second method is to shorten the total time it takes for 
a product to go through the chain of activities. Irrespective of which method is being used, 
the reduction of lead time will make the product move faster to the customer.34

 
Lead time analysis is defined as an analysis of turnaround time and not an analysis of lead 
time, as the name might imply. The objective with lead time analysis is to reduce times by 
for example investigating active time versus passive time. Dividing times into active and 
passive is a very common approach when conducting a lead time analysis. Active time is 
when the product is being processed in any way. Passive time is all other time, for example 
queuing time or time in inventory. It is not unusual that the passive time is much longer 
than the active time and this time is intended to be reduced. To illustrate this relationship 
the diagram in figure 5 can be used. The time bar at each activity is divided into the active 
and passive time and the sum of these times are represented by the time bar underneath.34

 
Figure 5: Lead time analysis diagram 34

                                                 
32 Olhager. J (2006), Produktionsstrategier – Lecture 
33 Ekdahl. B (2006), Integrerad Logistik – Lecture 
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The next stage is to reduce the passive times as much as possible and there are some steps 
that can be followed in order to do this. The following points are recommended to be 
carried out in the same order as they are presented.35

 
 Elimination of activities: Remove activities that do not contribute to the value of the 

product.  
 
 Simplify: Make the activities easier to carry out. If the activities are easier they will 

require fewer resources.  
 

 Integration: Check for possibilities to form similar activities into a new single one.  
 

 Parallelize: Processes that are independent should be carried out simultaneously if 
possible. 

 
 Synchronize: Reduction of unnecessary time between two activities.  

 
There are more things to consider, such as reducing uncertainty and working with smaller 
batches. However, the five points mentioned above are a good starting point from where 
other suggestions can be developed further before choosing what changes should be 
implemented.35

3.3 Simulation 

Simulation is a generic term for a multitude of methods and applications to imitate the 
behavior of real systems and plays an important role when it comes to decision making - 
especially when dealing with complex systems. The development of computer hardware 
and software has strengthened simulation as a tool, since it now is possible to execute 
models in relatively short time considering their complexity.36 Another advantage is that 
computerized simulation models, compared to other mathematical models, have the 
strength of using randomness in a more authentic way.37

 
Simulation also has an educational and illustrating purpose since it is able to make systems 
discernible to people that do not necessarily have a deeper understanding of the system. It 
can clarify problems and their consequences that might be hard to discover in the actual 
system. It can compress the actual time needed to simulate a specific time window. 
Furthermore a simulation can provide an overall view instead of contributing to a narrow 
focus on separate functions.37

3.3.1 Considerations before Simulation 
Even though simulation might be a powerful tool, it is not always the best way to 
approach problems. To produce a good model often requires excessive work acquiring 
data, validating models and performing tests. For example, if there is a tight deadline it 
might not be possible to perform the simulation before the decision has to have been 

 
35 Aronsson, H et al (2003), Modern logistik – För ökad lönsamhet, Liber 
36 Kelton, W D et al (2004), Simulation With Arena (third edition), Mc Graw Hill 
37 Bank, J et al (2005), Discrete-event System Simulation (fourth edition), Pearson Prentice Hall 
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taken. There are several things to consider before deciding that simulation is the 
appropriate tool and some of them are presented in the following points.38

 
 Is it possible to use the current system to try other solutions to solve the 

problem? 
 
 Can the problem be solved with other mathematical models or just common 

sense? 
 

 Is the required data available? 
 

 Is it possible to validate the model? 
 

Results from the model might be hard to interpret, making it hard to use. Finally, modeling 
often requires special training and knowledge, which might not be available in the typical 
organization.39

3.3.2 Main Classification of Models 
There are two main classifications for simulation models, mathematical and physical where 
the mathematical models represent the system by using equations and symbols rather than 
physical objects.39 Furthermore, the mathematical models describe the actual systems using 
three dimensions depending on the time, randomness and the state of the system. If a 
model is changing over time, the model is dynamic, which most of the manufacturing or 
operational models are, otherwise the model is static. Randomness might or might not 
have a greater impact on a model, but if randomness exists anywhere in the models it is a 
stochastic model rather than deterministic. For example if a process is executed by a 
computer, it will always take the same amount of time. However, if it is done by a human, 
the time will vary within a time interval. In a discrete-event model the change of the system 
can be related to events that occur at a specific time and there will be no change of the 
system between any two events. On the other hand a continuous model will change the 
state of the system continuously over time.40

3.3.3 Steps in a Simulation Study 
Simulation is best carried out in a structural manner and there are some essential steps that 
should be followed to guarantee a high level of quality. The following steps are mentioned 
by Kelton and Banks as the most important to a good simulation study; 
 

 Get to know the real system and the problem that is supposed to be investigated:. This can be 
done for example by visiting the current scene, talking to employees that work 
within system and talking to experts of similar systems. 

 
 Determine the objectives with the study and make an overall project plan: Depending on 

what the employer or customer wishes to investigate and what is feasible to 
accomplish with simulation, clear goals and methods should be set. 

 
38 Öhman, A et al (2007), Diskret simulering på Saab Aerostructures, IDA - LiU 
39 Bank, J et al (2005), Discrete-event System Simulation (fourth edition), Pearson Prentice Hall 
40 Kelton, W D et al (2004), Simulation With Arena (third edition), Mc Graw Hill 
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 Create a conceptual model: By describing the logical relations between different 

events, processes and entities the system can be more easily understood and even 
complex systems can be unraveled.  

 
 Collect the necessary data and analyze it: Data collection is a very vital step since the 

quality of the results will be in direct proportion to the quality of the input data. 
In other words: use of vague data will compromise the result. 

 
 Translate the conceptual model into simulation software: Choose a programming language 

that is best suited for the situation. Each simulation software has its own 
strengths and weaknesses. 

 
 Verify that the simulation model corresponds to the conceptual model in an accurate way: No 

matter which programming language you choose, the idea is to compare the 
simulation model with the conceptual model and make sure that it is an exact 
representation. 

 
 Validate the model to make sure that the model behaves like the actual system: Control that 

the simulation model behaves and gives reasonable outputs as well as results as 
the actual system. 

 
 The conditions for the simulation have to be determined, e.g. how long time period is supposed to 

be simulated and how many times: Depending on the type of system, the simulation 
should be executed under different time limitations. For example it is convenient 
to simulate a shopping store under its open hours, because it has a natural 
beginning and ending.  

 
 Carry out the runs and analyze the output from the model: Execute the experiments 

according to an experiment plan and examine the results and output from the 
model. The experiments should be made with the simulation project’s objectives 
kept in mind, to be able to give comprehensible and useable results. 

 
 Understanding the results and what they are indicating as well as documenting and collecting 

the results: It is essential to interpret the results in the right way, if it is reasonable 
and guarantee the reliability of the results.  

 
 Implement the result by changing or adjusting the actual system. 

3.3.4 Verification and Validation 
Verification and validation are the most significant processes when it comes to simulation 
modeling, because of the consequences that can occur as a result of making decisions 
based on a faulty model. Although verification and validation are handled like two separate 
processes, these are usually performed simultaneously throughout the simulation modeling, 
as an iterative process. 
 
Verification handles the transition between the conceptual model and the programmed 
simulation model, confirming that the model is an accurate representation of the 
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conceptual model.41 In other words, verification is about debugging the simulation model 
and certifying that the programming is correct. In practice this means going through the 
simulation, ensuring that all the logical steps in the model are correct, in programming as 
well as the animation.42

 
Validation is the process of skeptically analyzing the programmed simulation model to be 
certain that it behaves exactly like the actual system studied, taking into account the 
assumptions and limitations made when designing the model.42 There are two main 
objectives with validation. Primarily: assuring that the simulation model is a correct 
representation of the actual system, making it able to perform experiments and by these 
means predict system performance and behavior. And secondly: increase the credibility of 
the simulation model, making it possible for decision makers to rely on and use the model 
as a base for their decisions.41

 
After these steps it is often necessary to calibrate the model by comparing it to the actual 
system, an iterative process which regularly leads to adjustments in the simulation model. 
The comparison between the simulation model and the actual system is made by a series of 
tests, both objective and subjective. An experiment plan is made as a base for the objective 
tests, a series of tests and scenarios are then made and conducted in order to test all the 
logical steps throughout the model. The subjective tests are made by consulting experts 
and people with experience of the actual system, letting them analyze and judge the output 
and behavior of the system. A possible problem with calibration is that by changing and 
adjusting the model to fit the output, by e.g. historical data, the model has been fitted to 
one specific set of data. However, this can be avoided by either gathering new data, or 
leaving a part of the data set for a final validation sequence, making it possible to see the 
reaction to “other” data sets, while still having the same accuracy in the input.41 After the 
final verification, validation and calibration have been made, it is time for the actual 
experiments and the following analysis. However, it is often requisite to go back and make 
adjustments. As mentioned earlier, simulation modeling is an iterative process.42

3.3.5 Experimentation and Analysis 
Experimentation and analysis are the essential step in a simulation process, where the 
simulation model is finally used to draw conclusions. The ideal start of an experiment 
phase is to create an experiment plan to have a clear path of which scenarios and variables 
that need to be tested. The experiments must be representative for the objectives of the 
study, it is necessary to design the experiments so that they give results and information 
that is needed to be able to draw conclusions. Depending on what type of conclusions or 
solutions that are desired, the actual experiment process will need different approaches. 
For example, if the aim is to improve turnaround times, the information needed is not the 
same as if the aim is to maximize utilization. Therefore, the best way to develop 
experiments could be to gather a few people with knowledge and experience of the system 
to discuss feasible solutions that could be interesting to run in the experiment. Another 
suggestion is to conduct the experimentation exclusively based on the analysis that the 
model is build for. There are three main types of analysis: Candidate analysis, Comparative 
analysis and Predictive analysis.42

 

 
41 Bank, J et al (2005), Discrete-event System Simulation (fourth edition), Pearson Prentice Hall 
42 Kelton, W D et al (2004), Simulation With Arena (third edition), Mc Graw Hill 
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 Candidate analysis: This type of analysis is normally performed in the early stages 
of a system as it is generally used to identify the best candidate systems from a 
large amount of systems all with a low level of detail. The aim is to isolate the 
obviously bad systems from the good ones to narrow down the different types of 
systems. 

 
 Comparative analysis: This analysis type is usually the next step towards the final 

selection of the system design. Some good designs have been chosen and need to 
be compared and judged against each other to find the best. These types of 
analysis demand a higher level of detail in the models and require a larger amount 
of replications to be confident.  

 
 Predictive analysis: In this step one, or a few, system designs have been chosen and 

the aim is to estimate the actual performance of the systems. This sort of analysis 
needs detailed information of all activities that will have an effect on the system’s 
result parameters. Hence, it is essential that the models are very detailed and the 
data needs to be accurate. 

 
Sensitivity analysis is a useful tool in simulation. It is an instrument that can be used early 
in the modeling process as well as with the finished model to evaluate different scenarios. 
The main idea with sensitivity analysis is to observe how the model reacts when changing 
one or more of the input variables or conditions for the system. For example, if a model is 
to be built and there is a lot of data that needs to be collected, a sensitivity analysis can be 
used in order to determine which data that is the most vital. If some input variables seem 
to have small effect on the model, it might not be necessary to devote a lot of effort to 
receive perfectly correct data of this variable. On the other hand, if there are input 
variables that affect the model strongly; the data for those variables should be collected 
more carefully and thoroughly. This is important since data collection is often is a very 
time and resource consuming part of the simulation modeling and at the same time a very 
important step to obtaining high confidence on the results.  
 
Sensitivity analysis is also used when evaluating finished models. When trying to improve a 
system it is useful to know which improvements affect the end result the most. For 
example, if there is a system with several processes an entity has to go through, each 
process time could be changed one by one, while observing how the throughput time is 
affected. By making sensitivity analysis it can be determined which of the processes should 
receive most attention in order to reduce the throughput time. 
 
It is important to remember that regardless of which type of analysis that is made, the 
simulation models are simplified representations of an actual system. In other words, the 
model may not always be accurate enough to be able to provide a basis for conclusions in 
all parts of the model. Caution should therefore be taken in order not to make decisions 
based on limited information. 



 

4. Case study 

4.1 Description of the Port 

The port of Ingeniero White is divided into several independent terminals, this study will 
cover four of them: Cargill, Moreno, Bahía Blanca and Toepfer. The Bahía Blanca terminal 
handles smaller shipments, different types of goods from several different suppliers. The 
remaining terminals are owned by companies dealing with export of goods and their 
terminals only handle their goods; these terminals represent the highest per cent of the 
total volume. The main parking lot, referred to as the Triangle is located to the northeast, 
close to the highway, where most of the trucks arrive. As the map shows in figure 6, 
Moreno and Cargill are located to the left side of the entrance of the railway. There is a 
bridge connecting the two sides of the port but the bridge is old and does not allow loaded 
trucks to use it. Hence, all loaded trucks that are going to Cargill or Moreno have to take a 
detour around the railway and arrive at the east entrance. This road is in bad condition and 
it can take over one hour for trucks to drive from the Triangle to the east terminals 
compared to about 20 min to the terminals located on the west part of the port. With 
respect to this, times can differ even more when it is dark or congested. 
 

Figure 6: Map over the area 
 
Cereals and grain are the products that represent the largest part of the total traffic through 
the port. During 2005 a total of 6.962.005 tons were handled by the four terminals 
together and this number is expected to increase during the next few upcoming years. The 
peak season for the terminals usually do not occur all at the same time but April and May 
is usually the most hectic time of the year for the Triangle. For example, during May 2005 
close to 1 million tons of goods passed through the Triangle.  
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4.2 Description of the Case 

This case has been defined by the Consorcio de Gestion del Puerto de Bahía Blanca and, 
as mentioned earlier, their focus is on developing facilities and the road network that serve 
the terminals. The case study is an analysis of an existing facility, addressing the question if 
the facility is being used in an efficient and optimal way. 
 
The problems at the Triangle will be addressed with a qualitative and a quantitative 
approach. In the qualitative analysis, focus will be brought to the structure and 
organization of the Triangle, and in the quantitative section focus will be on the 
effectiveness of the facility, which will be investigated through the use of using simulation. 
 
The facility is a parking space for trucks built during the 1970’s with the main objective to 
work as an arrival gate as well as a place to locate the queues. The Triangle is located about 
8 km outside the port, close to the connecting highways with the purpose of avoiding 
unnecessary traffic at the terminals. The Triangle was built to handle a maximum of 1500 
trucks, although during the last few years it has become more problematic to handle the 
increasing flow of trucks during the peak season. 
 
The facility is owned by an independent company, however since the Consortium is 
responsible for the development of the port, it is the party initiating this study. The general 
opinion at the Consortium is that the Triangle is working well and that the problem is 
mainly related to lack of capacity. Most of the terminal operators do not feel that they have 
a problem with the Triangle since, even though there are problems, it can still deliver the 
trucks ordered from the terminals. The users of the Triangle, the truck drivers, are not 
especially pleased with the situation and there are also the problems with congestion, 
which affect the general traffic. The main reason that the problems affect the truck drivers 
is that congestion has led to very extended turnaround times and since most of the truck 
drivers do not get paid for the time they have to wait, it prevents them from earning 
alternative income.  

4.2.1 The Cupo System 
Each terminal operator sends out orders to their suppliers when they know how much 
they are going to export and when the ships are leaving. The port uses a system based on 
quotas, where each terminal releases cupos for their suppliers to fill. These quotas are sent 
out to the truck companies telling them what, when and how much they are allowed to 
deliver. These documents work as arrival cards which must be brought by the truck driver 
and presented at the check-in of the Triangle. Any truck that arrive without the  
documents has to wait outside the Triangle until new documents have been issued. Even 
though the documents usually are specific to a date of delivery, the procedure is not that 
strict, which makes it possible for trucks to show up earlier or later than the approved 
date.  

4.2.2 The Order Cycle 
The terminals are in a sense using the Triangle as a buffer (or inventory) since they want to 
make sure that the unloading process is fully utilized as much as possible. The terminals 
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order trucks from the Triangle in batches. If there are not enough trucks waiting in line, 
some of the terminals might close a shift until there is a sufficient amount of trucks waiting 
to sustain a whole shift. As soon as one batch is processed, a call will be made to the 
Triangle to order another batch. The size of the batches vary, depending on what terminal 
the batch is assigned to and if it is high season or not. During the high season the Bahía 
Blanca terminal usually orders batches of 100 trucks since they have sufficient space at 
their terminal to handle the traffic, while terminals such as Moreno usually never order 
batches larger than 20 trucks. Depending on which terminal is making the call and during 
what time of the day it is, the time it will take for the trucks to reach the terminal will 
differ. After the trucks have finished the procedures at the terminal they are ready to leave 
immediately.  

4.2.3 The Procedure at the Triangle 
The paragraphs listed below are a step by step presentation of the procedure followed by a 
brief description of the activities that are held at these locations. 
 

 Arrival: All trucks arrive at the main entrance and proceed to the check-in. The 
arrival pattern changes depending on the type of season. The high season, which 
is the season of interest, is divided into three types of arrival patterns during the 
day: Low (03-08), Medium (00-03, 08-19) and High (19-00). 

 
 Check-in procedure: The truck driver presents a document of the vehicle and its 

cupo, which are checked against a database. If the required authorization is faulty 
or the document is not presented or is incorrect in anyway, the truck leaves the 
Triangle and waits outside until the problem has been solved. There are up to 
four check-ins open depending on the time of day and the amount of arriving 
trucks. The check-ins also receive payment for entry to the Triangle, an toll 
charge of 9 Argentinean Pesos. 

 
 Assignment to queue: The truck driver hands over the documents of the vehicle and 

is assigned to a queue. After the truck is in position in the queue it is impossible 
(or at least very difficult) to leave or change the queue, because of the narrow 
queue lines. The truck’s documents are then sent on to the management office 
where there are processed. 

 
 Quality control: The trucks heading to the Moreno terminal perform a quality 

check before placing themselves in queue. If the goods fail the quality control, 
the truck has to proceed to a reconditioning facility. Trucks heading to other 
terminals do not perform any procedures during the queuing; these controls are 
instead made at the terminals. 

 
 Departure: When the Triangle receives an order from a terminal, the trucks are 

released from the queue by a call on the loudspeaker system. However, since the 
waiting time often is very long and uncertain it normally takes some time to get 
the drivers in position to leave. The documents that were handed in at the line 
assignment are returned to the drivers, except for the trucks that are going to 
Moreno terminal which get their papers directly after the quality control. 

 



 

 Unloading: The trucks go to their destination terminal. If they for any reason fail 
to unload, because of e.g. bad quality, they have to come back to the Triangle to 
go through the steps again with the only difference that they will be assigned to a 
special queue of trucks that are doing a re-run.  

 
To better understand the structure of the Triangle, a photograph is presented below in 
figure 7. 
 

 Figure 7: photograph over the Triangle 

4.2.4 The Procedure at the Terminals 
There are two types of process paths depending on what terminal the truck is heading to. 
The Moreno terminal has one path and the remaining terminals have another type of path. 
All the terminals have smaller parking lots with ability to hold whole batch sizes that the 
terminals order. After further queuing the two main paths are started; at the Moreno 
terminal there is only one main activity, to unload the goods. This is because their quality 
control already has been completed at the Triangle, so there is no need of further controls 
at the terminal. The other terminals have a quality control step before the unloading and if 
the trucks fail this control they are sent back to the reconditioning. 
 
The trucks that pass the quality check proceed to the unloading process that contains 
several steps besides the actual unloading. These steps are control of documents and cupo, 
weighing before and after unloading and a few administrative steps to be able to credit the 
correct supplier. After this sequence of documentation and unloading the trucks leave the 
facility. 

4.2.5 Issues Resulting in Extreme Cases 
The structure and routines at the Triangle create possibilities for some extreme cases to 
occur. It is not unusual that a truck has to go through the procedures at the Triangle more 
than once during a single delivery. This is because of the different routines that the trucks 
have to go through before they can unload. There are three main problem bases that can 
result in extreme cases for the truck drivers: the cupo, quality and terminals.  
 
Trucks that arrive at the Triangle are in some occasions not equipped with a cupo, or have a 
misdated or faulty cupo. When this occurs the truck must leave the Triangle and stand 
Final thesis “Analysis of Turnaround Times for Increased Capacity at the Port of Bahía Blanca” by Sven Thoresson and Jan Westlund. 
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outside, while a new cupo is negotiated with the terminals. This procedure can take from a 
couple of hours up to a whole day. When a correct cupo has been assigned, the truck is 
allowed to enter the Triangle’s premises and to proceed with the queuing.   
 
Another problem that can occur is a result of poor quality. If the goods transported by the 
trucks contain insects, are damp or in any other way faulty, the trucks are sent to a 
reconditioning plant to correct the problem. This procedure can take from a couple of 
hours up to six hours. There are different routines depending on to which terminal the 
truck is heading to. A truck heading to the Moreno terminal has the quality check as soon 
as it arrives at the Triangle with a correct cupo. Trucks that are heading to the other 
terminals have to wait in queue and go to the terminal to have their quality check there. 
These trucks have to stand in queue to the terminal even though they don’t know if the 
quality of the goods is acceptable to the quality control.  
 
The terminals themselves can sometimes be a cause of extreme cases. There are some 
times when the terminals are closed down for different reasons. One is for cleaning 
purposes, for example when the type of grain that the terminal receives changes. There can 
also be times where the terminal closes down whole shifts, due to lack of trucks at the 
Triangle. There is another possibility that can occur as a result of the terminals, some 
terminals have other unloading points at a location outside the port, passing the Triangle in 
the other direction. When the main silos at the port are full, the trucks are then passed on 
to the other unloading sites, after the quality control at the main terminal. 
 
Several of the occurrences above can interact, causing severe cases where trucks can be 
stranded for several days. It can also result in that trucks are sent to the Triangle several 
times during one single delivery. As an example, a truck heading to Cargill terminal goes 
through the Triangle at the initial arrival. Then if the truck fails the quality control at 
Cargill, it has to be reconditioned and later on, go through the Triangle a second time. 

4.3 Considering Simulation in the Case Study 

When evaluating the Triangle, different methods were considered, the decision to use 
simulation for analysis of efficiency, waiting times and bottlenecks was arrived at after 
using a survey for considering simulation, these questions and the specific answers 
regarding this case are presented below.43

 
 Is there randomness in the system that needs to be considered? There seems to be 

randomness in arrivals and departures which clearly has measurable effects on 
the system. 

 
 Is it necessary to see what happens when different types of events interact? Yes, since the 

processes and arrival/departure events all seem to have great impact on the 
queues.   

 
 Is there any point in constructing a visualization of the system? Visualization could 

contribute to the understanding of how the Triangle works in practice and it 
would also make it clearer where the problems are. 

 
43 Öhman, A et al (2007), Diskret simulering på Saab Aerostructures, IDA - LiU 
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 Is it possible to answer these questions with other models or common sense? The system is 

complex and uncertainty seems to play an important role which makes it hard to 
use other approaches to address the problem  

 
 Is the necessary data available? Most of the data can be collected from the actual 

system; other necessary information should be available from historic data or, in 
worst case, estimations by experts. 

 
 Will it be possible to validate the model? The model can be validated against the actual 

system. 
 
 Is there enough time to finish the simulation before its results are needed? There is time. 

Since it is important to evaluate the current system the result will be of interest 
even if a temporary solution has been found.  

 
The above questions and answers state that simulation would be a suitable tool to use and 
it will therefore be used as the primary analysis tool for the case study. The first stage will 
be to develop a conceptual model for the system, to understand what data and information 
will be needed, and which relationships are important for the simulation. First after the 
conceptual model is complete, the simulation model can be constructed.  
 



 

4.3.1 Conceptual Model 
The conceptual model shown below was created during the study and describes the flow 
through the port facilities. The model shows the logical steps in the flow as well as the 
processes that are needed for each step. 
 

 
Figure 8: Conceptual model 
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4.4 Description of Simulation Model 

The model is based on the activities occurring from the point where the trucks reach the 
arrival gate to the point where they are ready to unload. The model consists of both 
activities in the Triangle and outside the Triangle. However, when referring to the Triangle, 
all the activities between the check-in and the queues for the terminal are included. The 
activities regarding the reconditioning process, the unloading facilities and all (except for 
one) quality controls at the terminals are not part of the Triangle. 
 
All truck entities are generated by a separated subsystem which consists of four modules 
that create entities of four different kinds. Which kind the entity is will determine to which 
terminal it is destined for. The four types of entities are the same as the four terminals; 
Cargill, TBB, Toepfer and Moreno. As soon as the entities are created they are moved to a 
queue. The entities stay in this queue until they are randomly removed from the queue, one 
by one, into the Triangle.  
 
At the beginning of the Triangle, there is a creator of dummy entities which represent each 
arrival. When a dummy entity is created it will generate a transfer of a truck entity from the 
subsystem into the Triangle and directly after this the dummy entity will be deleted.  
 
As soon as the truck entity has arrived in the Triangle it receives an attribute called No 
Qlapp in beginning which is set to the number zero. However, this attribute is later set to the 
current simulation time. Using this time stamp, the system can determine which of the 
trucks should be placed in the front of the queue.  
 
The next step in the model is the check-in. The check-in consists of four resources which 
have recurring breakdowns. Not a breakdown in a literal sense, rather recurrent 
physiological down-times depending on that the resource (the employee) decides to do 
other things than work from time to time. Apart from this, the check-in is open all hours 
of the day and all days of the week and staff is always available. If it turns out that the 
truck does not have a cupo, the truck immediately leaves the Triangle to get a new cupo. This 
is modeled with a process (called new cupo) in which the entity is delayed while waiting for a 
new cupo. After the new cupo process, the truck will return to the initial arrival point and go 
through the check-in again.  
 
The line assignment is a process that all the trucks have to go through. In the real system, this 
process informs the driver which queue they should proceed to. However, in the model, 
this is already determined at the arrival of the entity; this depends on to which terminal the 
truck is heading. After the line assignment process the truck entity proceeds to the line. By 
examining the attribute containing information about the terminal, a decision module 
directs each entity to its respective queue.  
 
Before the entities enter the queue, they are batched in sizes according to the preference of 
each terminal.  As a result of this, the terminals only receive full batches. Trucks are placed 
into a queue until they can form a full batch. If there is enough space for a new batch at 
the terminal, the new batch proceeds directly to the terminal. If the terminal is full, the 
batch is placed on hold until the terminal is unoccupied again. As soon as the batch leaves 
the Triangle, the batches are separated again so each entity can go through the next step. 
When arriving at the terminal, the entities pass through a quality control, with one 
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exception: entities that are heading for Moreno. These trucks go through the quality 
control before they are placed in their queue. The quality control is represented by a 
decision module that simulates the distribution of the trucks that fail the quality control. 
The entities that pass the quality control are ready to unload. The entities that do not have 
sufficient quality are sent to a reconditioning process, and then returned to the Triangle via 
the check-in process. After the truck entities have been unloaded at the terminal process 
they are deleted.  

4.4.1 Data Used in the Model 
The data has been collected using several methods for data collecting (methods that have 
been described in chapter 2.4). Below is a more specific description of what data has been 
used in the specific parts of the model. It should be noted that the data that was manually 
collected is from a different time period than data collected from the computer systems. 
Since the model is built to simulate the system during the peak season (April to May), all 
the data taken from the data system is from the peak seasons of 2005 and 2006.  
 

 Arrivals: The data is taken from the database system used at the Triangle. When 
each new truck passes the check-in, their arrival time is registered in the 
computer system. The data used has information for the approximately 30000 
trucks that arrived in April and May. 

 
 Check-in: The process times are based on manually collected data. The 

distribution is based on a relatively small, but nevertheless significant, sample 
size. More extensive data collection of this process has not been done since the 
process has not been classified as sensitive enough.  

 
 Getting Line: Process time is based on manually collected data. The process has 

not received much attention since there have not been any signs of congestion 
either in reality or in the model.  

 
 Getting a cupo: The delay is based on estimations made by the drivers and staff 

from the Triangle.  
 

 Batch 1-4: Batch sizes are based on information given by the drivers and staff at 
the terminals as well as at the Triangle.  

 
 Quality ok 1-4: The percentage that fails the quality control is based on 

information given by terminals. 
 

 Terminal process: The data from a database system shows the amount of trucks the 
terminals unload everyday. Data from the beginning of April to the end of May 
during 2006 has been used for each terminal to determine the capacity for each 
terminal. Every day at midnight the system will change the capacity and then 
keep the same capacity for 24 hours. Known reasons for varying capacity are 
factores such as number of open shifts, gates and weather conditions. 
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 Reconditioning: The delay is based on rough estimations by drivers. The relevance 
of this data to the model is estimated to be very limited; hence, it has not been 
prioritized to obtain data with higher quality.  

4.4.2 Simplifications of the Model 
There are some issues that are not considered by the model and other issues that have 
been simplified, these issues are specified below.  
 

 The queues to the terminals are cumulated in the model. In the real system there 
are a grand total of 36 different lines. Depending of the number of the waiting 
truck the lines are dedicated to the different terminals. 

 
 The trucks that are allowed to cut the queues in the model actually have their 

own queue in the real system. This special queue in the real system has a higher 
priority than other queues.  

 
 The size of the orders from the terminals is constant in the model. The order 

size may vary in the real system depending on demand and seasonal variations. 
However, during high season, most of the terminals are working more or less 
constantly at full capacity which makes the variation in the order size small. 

 
 The reconditioning facility is simulated in the model as a process that does not 

require any resources and therefore does not generate any queue. In the real 
system the reconditioning does require resources which generate queues. 
However, the impact of this does not imply a further investigation of the 
reconditioning center at the time. It could nonetheless be appropriate to develop 
this sub model at a later stage or in a different study.  

 
 The same simplification has been made with the process of getting a new cupo as 

with the reconditioning process. The process is simplified because it is not probable 
that it affects the system enough to motivate a further development of the new 
cupo process. 

 
 This model does not consider the time it takes for a truck to travel between 

different facilities in the model. This simplification was made due to the difficulty 
of gathering accurate data as well as the estimated limited uncertainty in transport 
times 

4.5 Description of Scenarios 

 Scenario 1 – Check-in: The check-in process has (during interviews with the truck 
drivers) been described as a slow moving process. They feel that check-in is a 
bottleneck and the queue time increases rapidly when the check-in is not working 
as it is supposed to. There have also been numerous reports that the check-in 
suffers from recurrent interruptions when the staff are busy with other activities. 
In this scenario the sensitivity of the check-in will be analyzed by decreasing the 
number of check-in resources. The changes will be tested in order to determine 
what capacity is needed and how sensitive the system is to changes in capacity. 
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 Scenario 2 – Batch Size: All the terminals order trucks in batches and the terminals 

use different size of batches. Some of the terminals close (or do not open) if 
there are not enough trucks to cover a batch. This scenario will investigate how 
the size of the batches affects the through-put time.  

 
 Scenario 3 – Arrival pattern: Currently trucks are given a specific date at which they 

are expected to appear at the Triangle and there is no specific time stated. This 
has resulted in an arrival pattern that shows very similar characteristics from day 
to day, in other words; trucks tend to arrive during the same hours of the day. 
This arrival pattern is currently not synchronized with the capacity of the 
terminals and this contributes to a less continuous flow and more congestion. 
The aim of this scenario is to investigate how the total turnaround time can be 
reduced by controlling the arrival pattern more specifically than on a daily basis.  

 
 Scenario 4 – Quality: Whether the truck passes the quality control or not is a factor 

that directly affects the throughput time and this scenario aims to determine how 
much it affects the system. By considering quality control as a factor affecting the 
system it can be determined if it should be prioritized to put more efforts on 
keeping high quality and reducing the need for quality tests. 
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5. Results and Discussion 

5.1 Lead Time Analysis 

During the realization of this project there have been numerous reports and indications 
that the non-value-added time being many times higher than the value added time. It has 
been roughly estimated that the through-put time is at least half a day while the actual time 
for unloading seldom exceeds one hour. To further investigate this, a lead time analysis 
was done to compare the non-value-added time and the value-added time. The non-value-
added time is when the truck is idle, for example when waiting to form a batch or waiting 
to unload. The value-added time is when the truck is active in a process; like unloading or 
check-in.  
 
It should be noted that Moreno is not considered in this lead time analysis; this is because 
they were having a low traffic period during the period researched which makes their flow 
insufficient. The lead time analysis is based on data from April and May 2006 and during 
this time a truck passing through the terminals of Cargill, Toepfer and TBB had an average 
flow of one finished truck every 30-60 minutes. Meanwhile, the average waiting time at the 
Triangle was between 13-20 hours. This non-value-added time is built up from several 
different queues: 
  

 When there are not enough resources at the check-in to handle all the trucks. 
 When the single resource who directs the trucks to the correct line is busy.  
 When there are not enough trucks to form a batch. 
 When there are too many trucks at the terminal to let additional batches in.  
 When the terminal is busy unloading other trucks in the batch.  

 
To better understand how much time is spent in each of the queues the average time for a 
truck heading for Cargill will be followed through the system which can be seen in table 1 
below.  
 

Activity Approximate time Cumulated 
time 

Percentage 
of time 

    
Check-in 2 min 2 min 0.15% 
Get line Much less than 1 min 2 min 0.15% 
Waiting for a full 
batch 

1 hours 50 minutes 1 hour 52 
minutes 

10.0% 

Waiting to enter 
terminal 

12 hours 4 minutes 13 hours 56 
minutes 

66.3% 

Waiting to unload 3 hours 57 minutes 17 hours 53 
minutes 

21.7% 

Unload 22 minutes 18 hours 15 
minutes 
 

2.0% 
 

Table 1: Throughput-times for Cargill truck 
 
Hence, to achieve just over half an hour of value added time more than 24 hours of non-
value-added time is necessary. Eventhough there are some cases where trucks move slower 
or faster through the system, most of the trucks, however, have throughput times close to 



 

those presented above. Whether an active time percentage of 2% is good or bad is highly 
dependent of the kind of system that is being studied. When comparing this system to 
other similar systems and taking in account that it is not a production system; an inactive 
time share of 98% is considered as poor, especially when those 98% are represented by 
over 24 hours.  

5.2 Simulation and Results of Scenarios 

5.2.1 Scenario 1 
In the course of several interviews with users of the Triangle, the truck drivers, a problem 
with the check-in process was expressed. Long queues, long processing time and recurrent 
breaks in the check-in procedure were reported as the main problems of the check-in. This 
gave the authors the idea to investigate the problem further by examining the waiting time 
in the simulation model and determine the sensitivity of the factors affecting the check-in 
process.  
 
There are currently four separate resources taking care of the check-in procedure. There is 
always at least one open and depending on the flow of trucks all of the resources might 
not be present during all the hours of the day. In order to measure the process time, 
samples were taken during one day in low season. These samples showed that the process 
time was uniformed between 40 to 200 seconds. When using these results in the model the 
following results were established, which can be seen in table 2, depending on the number 
of active recourses. (CIS X = check-in resource , TCT X = Total Cycle Time Terminal X) 
 

CIS 1 CIS 2 CIS 3 CIS 4
TCT C

(in hours)
TCT M

(in hours)
TCT B

(in hours)
TCT T

(in hours)
Average
Number

Average t
(in hours)

1 1 1 1 18.41 17.43 23.44 15.18 0.04 0.00
1 1 1 0 18.20 21.11 21.10 14.35 0.21 0.01
1 1 0 0 17.61 23.13 22.84 15.09 6.43 0.27
1 0 0 0 104.83 135.98 130.17 88.92 1780.78 77.48

Table 2: Results from Check-in tests 1 – Scenario 1 
 
When two resources are used the waiting time is still reasonable low and result in queues 
not longer than 6-7 trucks on average. However, it should be taken into consideration that 
the data collected is from a low period. To take this into account, several other tests were 
performed with a process time between 40 to a variable Max t (which in this case is set to 
400 seconds), these results can be observed in table 3.  
 

CIS 1 CIS 2 CIS 3 CIS 4
Max t

(in sec)
TCT C

(in hours)
TCT M

(in hours)
TCT B

(in hours)
TCT T

(in hours)
Average
Number

Ave t
(in hours)

1 1 1 1 400 18.50 18.81 21.88 16.76 2.05 0.09
1 1 1 0 400 21.70 19.87 24.91 15.61 65.30 2.75
1 1 0 0 400 76.96 92.11 112.05 69.75 1166.62 49.59
1 0 0 0 400 260.92 178.62 332.07 254.85 7047.77 265.97  

Table 3: Results from Check-in tests 2 – Scenario 1 
 
In this case, two resources are clearly not enough and there are considerable waiting times 
even when using three resources. When using less than three resources the check-in system 
has unreasonable long queues and waiting times. 
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Something that should be noticed from both examples is that one resource can make a big 
difference to the waiting time. This can be observed when reducing the number of 
resources from two to one in the first example and from three to two in the second 
example. Since the resources in this case study have a relatively low cost, it is probably 
worth the cost of having one resource more than needed, rather than taking the risk of 
lacking a resource and experiencing very long queues. 

5.2.2 Scenario 2 
The batch size is the number of trucks that a terminal order each time they place an order 
to the Triangle. The batch sizes are usually fixed within the terminals during the peak 
season. However, the sizes may vary during low seasons. Each terminal has its own batch 
sizes and these vary depending on several factors. For example, all the terminals do not 
have the same physical capacity to handle the trucks since sufficient space is needed at the 
terminal to have the trucks in queue. The batch sizes are an approach to lower the level of 
uncertainty in the transports between the Triangle and the terminals. 
 
The lead time analysis showed that a truck heading to the Cargill terminal spends around 
10% of the total time waiting to form a batch and around 21% of the total time waiting to 
unload at the terminal. This distribution is affected by the size of the batch and to 
determine how they are affected, different sizes of batches were tested. The following 
results regarding the Cargill Terminal were collected, these can be seen in table 4. 
 

Cargill Terminal

batch size

waiting time when 
waiting for full batch (in 
hours)

waiting time when waiting to 
enter terminal (in hours)

waiting time when 
waiting to unload    (in 
hours)

35 3.18 20.13 5.69
30 2.71 20.48 5.43
25 2.23 22.37 5.14
20 1.77 20.62 4.79
15 1.31 19.65 4.26
10 0.84 18.69 4.10
5 0.37 19.49 3.64  

Table 4: Lead time analysis – Cargill 
 
There are three types of times that have been measured during this experiment. The first 
time is called “waiting time when waiting for full batch”; this is the time during which the 
trucks are waiting to form a whole batch to leave the Triangle. This time is directly 
dependent on the size of the batch since it will take shorter time to wait for a full batch if it 
is a smaller batch. The second time measured is labeled “waiting time when waiting to 
enter terminal” and is the time when the truck cannot enter the terminal because the 
terminal is busy with another batch. This time is not affected significantly by the size of 
the batch rather by the capacity of the terminal. The last measure is named “waiting time 
when waiting to unload” and is the time when trucks have entered the terminal and are 
waiting to unload. This time is reduced as a consequence of the reduced batch size since it 
takes shorter time to process a smaller batch than a large one. The italics in the tables 
represent the current batch size and times related to the current case. For the following 
batch sizes it can be noticed that the waiting times decreases as the batch sizes decrease.  
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Terminal Bahía Blanca, which currently has the largest batch size, has the largest potential 
to reduce times by changing their batch sizes. The same experiment as the experiment with 
terminal Cargill was carried out with terminal Bahía Blanca and gave the following results 
that can be seen in table 5 below.  
 

Bahía Blanca Terminal

batch size

waiting time when 
waiting for full batch (in 

hours)
waiting time when waiting to 

enter terminal (in hours)

waiting time when 
waiting to unload     (in 

hours)
100 7.44 6.22 10.33
50 3.80 6.57 6.85
40 2.95 6.88 6.51
30 2.11 7.22 5.92
20 1.40 6.17 5.20
10 0.67 6.92 4.61  

Table 5: Batchsize tests for Bahía Blanca terminal 
 
Just by reducing the size of the batch to 50 trucks results in a reduction of the average 
waiting time by 7 hours. It should also be noticed that, as explained earlier, the “waiting 
time to enter to terminal” is not significantly affected here either.  
 
The conclusion of this scenario is that the total turnaround times can be reduced by using 
smaller batches. However, it is only possible to reduce some of the measured waiting 
times. It should nevertheless be noticed that these waiting times currently represent a small 
part of the total turnaround time, except for terminal Bahía Blanca, which makes it 
reasonable to prioritize work with reducing other waiting time before implementing 
optimized batch sizes. 

5.2.3 Scenario 3 
The Triangle is open 24 hours a day, every day of the year which means that it is possible 
for a truck to check-in at any time. However, the arrival pattern of the data, together with 
the interviews performed, show that most trucks arrive in the afternoon and in the 
evening. Most of the time, the arrival pattern is not consistent with the capacity of the 
terminals, which is a possible reason for congestion. The processes at the Triangle are 
affected by the arrival pattern and this scenario intends to analyze how a smoother arrival 
pattern could affect the Triangle and the through-put time of the system. During the 24 
hours of a day, the average arrival rate per hour during peak season can be observed in 
figure 9. The arrival rate for a single day in peak period can be seen below in figure 10. 
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Figure 9: Average arrival rate per hour of trucks arriving at the Triangle 
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The highest arrival rates are found at the first and the final hours of the day while the 
lowest are found during the middle of the night through to early morning. The afternoon 
and early evening can be considered as medium level hours. This is the arrival pattern for 
trucks which have orders to arrive on a specific day, and since the pattern in figure 9 is an 
average, it has a smoother flow than most of the days. Just to illustrate how an arrival 
pattern for one day can look like, the arrival pattern for the 2nd of May are presented in 
figure 10.  
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Figure 10: Arrival rate per hour of trucks arriving to the Triangle on the 2 May 2006 
 
By dividing the day into several different numbers of timeslots it is possible to change this 
arrival pattern to better follow the capacity of the terminals. The model in this scenario 
was constructed with a system for handling timeslots. A timeslot is a period of time where 
a truck is supposed to arrive. If there are 4 timeslots during a day; there are 4 different 
periods in which trucks have a check-in appointment. The system is designed in a way that 
the accepted time difference between arrival and the appointment is inversely dependent 
on the number of time slots. For example, if there are 4 timeslots (night, morning, 
afternoon, evening) a truck that has an appointment in the evening can arrive at any 
optional time between 6pm and 12pm and still be accepted. In a system with 24 timeslots, 
by comparison, a truck can arrive at an optional time within the appointed hour. 
 
When running the model for two months and testing different number of timeslots for 
each run, the following results were collected, these can be seen below in table 6.    
 

Time slots 
TCT BB      

(in hours) 
TCT Cargill    
(in hours) 

TCT Toepfer  
(in hours) 

TCT Moreno  
(in hours) 

2 22,29 15,44 12,52 13,11 
4 16,47 8,85 8,66 6,67 
6 15,29 6,90 8,18 4,82 
8 13,81 6,05 7,36 4,03 

10 13,90 5,67 6,77 3,55 
12 13,58 5,69 6,97 3,29 
24 13,53 5,45 5,77 2,99 

Table 6: Time slots and results 
 
As more time slots are implemented, it is clear that the total turnaround time decreases 
rapidly in direct relation to the number of timeslots. The reason that BB never reaches 
turnaround times as low as the other terminals is because of the significantly higher batch 
size. In order to achieve turnaround times below 13 hours, batches smaller than 100 trucks 
must be used. The effect of using timeslots can also be illustrated by studying figure 11, 
which should make it even more comprehensible that the largest change of the total 
turnaround time is in the beginning. 
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Figure 11: Turnaround times for different time slots 

5.2.4 Scenario 4 
As described earlier, all the trucks go through a quality control station before they are 
authorized for unloading. The trucks that do not pass the control have to go through a 
reconditioning facility, which increases the trucks’ turnaround time. The aim of this 
scenario is to investigate how dependent the turnaround time is on the percentage that 
passes quality control. The current average percentage that passes quality control is set to 
90%; this is also the rate that has been used in the earlier scenarios. In order to evaluate the 
dependency of the turnaround times, a pass rate between 100% down to 40% has been 
tested and the results are showed below in table 7.  

 

Cargill 
% 

Moreno 
% 

TBB   
% 

Toepfer    
% 

TCT Cargill 
(in hours) 

TCT Moreno 
(in hours) 

TCT BB (in 
hours) 

TCT Toepfer 
(in hours) 

100 100 100 100 17,56 19,06 21,77 15,28
90 90 90 90 18,20 21,11 21,10 14,35
80 80 80 80 19,78 19,09 22,51 14,82
70 70 70 70 19,50 22,26 24,01 14,94
60 60 60 60 21,08 22,59 23,11 15,80
50 50 50 50 25,24 24,56 27,93 18,44
40 40 40 40 45,74 33,57 70,72 34,09

Table 7: Quality control – Scenario 4 
 
According to this experiment the TCT, Total Cycle Time, seems to be rather unaffected 
even though only 60-70% are approved by quality control the first time. In most of these 
cases, the differences are too small to be able to draw any conclusions. Not until the 
percentage drops down to 50% or less, there are clear signs of an increase of the total 
turnaround time. However, these low percentages are currently not realistic values that 
occur in the normal case.  
 
As discussed earlier, these turnaround times are rather high and it was a possibility to 
reduce the turnaround times by controlling the arrivals established in scenario 3. Since the 
turnaround times in this example are relatively high, there might be a risk that the 
problems (a lower approval rate) are concealed because of other more severe problems 
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(uncontrolled arrivals). This can be a contributing factor to the difficulty in noticing any 
significant change of the turnaround times, even when the approval rate is being decreased 
considerably. To avoid this problem being concealed by other problems, the same 
experiment was carried out with a model based on the results from Scenario 3. This model 
has a controlled arrival pattern to avoid the problem with large amounts of trucks arriving 
at the same hours. The results from using the model are presented in table 8.  
 

 

Cargill 
% 

Moreno 
% 

TBB      
% 

Toepfer 
% 

TCT Cargill 
(in hours) 

TCT Moreno 
(in hours) 

TCT BB 
(in hours) 

TCT Toepfer   
(in hours) 

100 100 100 100 6,53 5,68 16,51 3,67
90 90 90 90 9,07 8,36 16,50 4,13
80 80 80 80 8,35 5,57 16,10 5,42
70 70 70 70 9,24 8,18 17,77 6,58
60 60 60 60 11,36 8,50 19,58 8,37
50 50 50 50 24,95 14,76 40,70 24,40
40 40 40 40 62,69 75,04 86,64 60,26

Table 8: Quality control using controlled arrival pattern 
 
While examining these results more or less the same pattern appears as the one discovered 
earlier. There is no significant increase of the total turnaround time until the approval rate 
is decreased to around 50%. 
 
This implies that there is no increase of the total turnaround time that is concealed by 
other problems. This also implies that the total turnaround time has low sensitivity to the 
percentage of trucks approved by quality control. There are two main reasons that could 
explain this low sensitivity. The capacity at the terminals only changes once a day, which 
makes it possible for most of the trucks to go through the reconditioning process once 
without losing their share of terminal capacity that day. The other reason is that the 
uncertainty in the reconditioning process has not been modeled. Hence, it is modeled in 
the form of a delay of trucks rather than as a process that is running a risk of getting 
congested if too many trucks are not approved by quality control, which would be more 
realistic. However, the result is still a sign that efforts to improve quality should at this 
point not be prioritized, since the current system is more dependent on other factors to 
lower the total turnaround time.  

5.3 Discussion of the Simulation Results 

The scenarios presented earlier have confirmed some of the assumptions that where made 
early in this study. It has also revealed unexpected results of other important factors 
influencing the Triangle. One of the most important results that were found is the 
importance of the arrival pattern. It was expected that this would have been a potential 
source of the problem. However, after conducting scenario 3 it was illustrated how 
important it is to control the arrival pattern to better match the capacity of the terminals. 
The current system where trucks have a specified day to arrive is not specific enough, since 
it results in an arrival pattern that is not optimal for the system. According to the results, a 
considerable improvement can be achieved just by dividing the day into four periods, 
which should be a reasonable timeframe when taking circumstances such as cultural issues 
into consideration. Creating too narrow timeframes can make the system uncertain and 
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unstable, since it will be harder for the trucks to be on time without showing up early 
before checking in. The current system accepts most of the trucks that arrive early or late 
(within reasonable limits) without any type of fine or penalty consequence. 
 
Achieving better control over the arrival pattern is an important issue to be able to benefit 
from other improvements. If other improvements to the system are made before this 
major problem has been solved, there might be a risk that the improvement does not result 
in any change since there are other problems which are concealing this improvement. 
Buffers as an example have a tendency to conceal problems and if the buffer is not 
reduced it is difficult to find and solve the problems.  
 
The other scenarios mainly concern problems which are less urgent. Reducing the batch 
size, which was tried in scenario 2, is an important point for the terminals using the largest 
batches. However, it will not be convenient to reduce the batch size to an absolute 
minimum because of the relatively long transfer time between the Triangle and the 
terminal, it will be necessary to have a buffer of trucks or a batch en-route since the drive 
time is considerable.  
 
The results from scenario 1 was unexpected when comparing with the interviews that were 
done in the beginning of the project. The interviews indicated that there were extensive 
problems with the check-in; there were not enough resources and the recurrent 
breakdowns disturbed the flow. This however, when investigated in the model, did not 
show any potential problems as the ones described. It was possible nevertheless to see that 
there was a very high sensitivity for the number of resources, which makes it very 
important to assure that there are enough resources.  
 
The investigation of the quality control in Scenario 4 deals with an issue which was 
expected to be an important source of problems. The quality control process was expected 
to affect the system strongly if the quality “approval rate” was changed. The system turned 
out to have relatively low sensitivity to this factor, which is why the issue has now been 
reclassified as a low priority issue.  

5.4 Cost Estimations  

A rough estimation has been done to illustrate the holding costs incurred for trucks during 
the congested peak season. The costs considered here are the cost for having a truck with 
a driver stand in a queue and wait. Hence, the holding costs of the goods that they are 
carrying are not considered and other costs related to the Triangle are not considered 
either. The cost considered is however, a cost directly related to how long time a truck 
spends in the system; which implies that this cost increases or decreases at the same time 
as the total turnaround time changes.  
 
According to a local forwarding agent, the estimated cost of having a truck waiting is 
around 250 Argentinean Pesos per day. In this model a value of 10 Pesos per hour and 
truck is used. Included in this cost are payments on the truck, salary to the driver, 
insurance and other expenditures directly related to the truck. During the peak season in 
April and May an average over 450 trucks arrived at the Triangle each day. During this 
time of the year the average turnaround time is as presented below in table 9.  
 



 

 
Average Waiting time Average number of Arrivals
Terminal TCT Terminal Number
Cargill 18.12 Cargill 116
BB 22.56 BB 145
Moreno 19.54 Moreno 21
Toepfer 14.81 Toepfer 179

truck cost 10.00 Pesos/hour

Avarge costs per day
Terminal Number
Cargill 21019.20
BB 32712.00
Moreno 4103.40
Toepfer 26509.90

Total costs per day
84344.50  

Table 9: Cost estimation for terminals 
 
This implies that on average during April and May the cost of trucks waiting amounted to 
over 80000 (84344.50) Pesos each day. If the system could be changed, so that the average 
waiting time decreased by half, it would mean a reduction of the total daily costs of around 
40000 Pesos. If only considering the peak period each year, savings of 40000 Pesos per day 
would mean a reduction in costs of nearly 2 500 000 Pesos per year. The reduced cost 
would primarily benefit the owner of the trucks, but in a longer perspective it should lead 
to reduced costs for the other participants in the chain.  
 
To get a better idea of how this would affect the transporters in particular an example will 
be made; consider a transport of grain from Santa Rosa to Bahía Blanca Terminal which is 
a distance of about 800-900 km, depending on which route is taken. An 18 meter truck 
load of grain will be charged about 2500 Pesos for this trip (923 for the first 300 km then 
2.9 for each extra km plus 90 Pesos for unloading and insurance). Since the truck in this 
example is heading for the Bahía Blanca terminal it can expect an average turnaround time 
of 22 hours. As stated earlier, the cost of having one truck waiting for one hour is set at 10 
Pesos per hour. This would mean a cost of 220 Pesos that the truck owner has to discount 
from those 2500 Pesos that the customer was charged for the transport. This is a rather 
large share of the total income and it is especially large since these 220 Pesos are taken 
directly from profit without changing any of the other costs. Each peso that is reduced 
from this cost is one more peso in profit for the truck owner.  

5.5 Effective Systems 

Effective systems have certain characteristics that were discussed in chapter 3.2.3. The 
characteristics are simplicity, flexibility, reliability, economy and acceptability. These will be 
compared with the Triangle and analyzed, to be able to indicate which parts are missing or 
already are covered in the current system.  
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 Simplicity: As the theory states, effectiveness and efficiency can be achieved if 
each subsystem maintains its simplicity. The main ideas behind the Triangle 
maintain a straightforward approach, but this is not the issue throughout the 
implementation. There are many issues that result in a complex system. There is 
a great deal of paperwork and routines that could be adjusted and improved. As 
an example, there is a person whose only mission is to collect the received 
paperwork from the trucks and by motorcycle drive these papers to a control 
station, and then later drive back and return the papers to the truck drivers; this 
routine could be handled electronically. Another sign of lack of simplicity is the 
communication and information flow between the terminal and the Triangle 
which is complicated because it is currently managed by telephone calls and 
manual paperwork. 

 
 Flexibility: Each part of the supply chain is unsynchronized and usually manually 

operated, resulting in a flexible system on operations level. It is for example 
rather easy to increase and decrease the capacity since many of the processes are 
manually operated.  On a strategic level the system is very inflexible due to the 
complex relations to the other participants in this supply chain. It is difficult to 
implement new standards and other changes to the system that do not directly 
benefit the Triangle. 

 
 Reliability: The reliability of the system is high as a result of the independence 

towards the terminals and the manual structure of how it is operated. The 
Triangle has a primitive system with very few operative problems that can occur 
in the system; the largest problem is if the computer system breaks down or if 
the database becomes damaged. The Triangle is however a buffer for the 
terminals and there is always a risk of it getting congested, this risk has a negative 
effect on reliability since a congested facility makes the system work badly. 

 
 Economy: There is a trade-off between effectiveness and economics, and it is not 

very surprising that the Triangle focuses on economy rather than being effective 
since they are basically creating a business out of the terminals’ problem. They 
perform their duties with economical correctitude, it is important however, to 
recall that their task is dependent on the supply chain’s inefficiency.  

 
 Acceptability: There is low acceptability for the system since many truck drivers 

complain about it and do not seem to believe that improvements of any kind 
make it better. Even though the system has been using cupos since the 1970’s, 
however there are still cases where this system is not used properly, which is a 
sign of bad acceptability among its users.  

 
Based on the points discussed above it is possible to state that the Triangle is not a fully 
effective system. The Triangle has poor acceptability and a complex structure with difficult 
tasks. However, the reliability and flexibility are good and the economic part is acceptable 
even though somewhat complex. The Triangle should focus on dealing with the 
acceptability of the system, by using information and economic incentives. It is also 
important to improve simplicity of the system and its activities. However the changes that 
would improve the system the most are changes that are out of reach of the Triangle and 
have to be dealt with together with the other actors in the chain. 
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5.6 Power, Trust and Relationships 

5.6.1 Power Structure 
There are four main types of actors in this study, four terminals, the Triangle, the 
Consortium and several forwarding agents. In the following points the actors are shortly 
described with focus on the power bases presented in chapter 3.1.5.1: 
 

 The Triangle manages the trucks for the four terminals and is privately owned. 
Because of the fact that the terminals supply all the trucks for the Triangle, it has 
a strong dependency on the terminals. However, the Triangle has the advantage 
that the processes completed in its facility are currently not managed anywhere 
else, and that an implementation of these processes by a third part would take 
some time. Therefore the Triangle has a power base, in form of the dependency 
on the terminals.  

 
 Terminal Bahía Blanca is a relatively large enterprise that is the largest user of the 

Triangle and they receive their goods from many small suppliers. They have 
therefore two main power bases, the capacity used from the Triangle as well as 
access to a critical resource, the market. The Bahía Blanca terminal has its own 
large parking lot which reduces the dependency towards the Triangle. 

 
 Cargill is one of the largest international enterprises within the agriculture 

business and the second major user of the Triangle. They mainly export to their 
own companies all over the world. They have therefore control over their 
market, which gives them two power sources: critical resources and the size of 
the company. The Cargill terminal has its own, but very small, parking lot, which 
leads to a dependency towards the Triangle. 

 
 Terminal Moreno, which belongs to a relatively small enterprise, has its own 

quality control at the Triangle. Since the Moreno terminal has its own processes 
at the Triangle, it results in a special base of power towards the Triangle since it 
becomes more difficult to change service provider if they had the reason to end 
the contract with the Triangle. At the same time, Moreno has a relatively small 
parking lot, leading to an increased dependency on a facility such as the Triangle. 

 
 Terminal Toepfer is a midsized multinational company that has markets in all 

parts of the world. Toepfer has a large parking lot and all their operations are 
carried out within their terminal. They can therefore be considered as having 
little dependency on the Triangle. 

 
 The Consortium is the manager by legislative appointment of the port facilities. 

It is the owner of the land in the port area, and it has access to resources for 
investments in the port. At the same time, it has the knowledge and information 
about most of the activities carried out in the port. Its political connections 
contribute to make its power base stronger, although its influence on the other 
actors is still on a diplomatic level. 
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 The transport companies are in charge of the transports from the suppliers via 
the Triangle to the terminals. Because of the large quantity of transport 
companies that are accessible and that can perform the exact same work, they 
have no direct power base. However, the union of truck drivers is the most 
powerful union in Argentina. They are a strong power to change the conditions 
for the truck drivers and if they have opinions about the processes they have 
good possibilities to accomplish changes.  

 
By evaluating each actor, it is possible to point out some actors that could possibly 
influence decisions of other actors in the chain. These actors are typically the terminals, the 
Consortium and the union, using their size and knowledge as the main power bases. All 
these actors have the possibility to influence and even change decisions already taken. 
However, it is not possible to point out one single actor that can use its power to influence 
the behavior of all other actors; this is because of the fact that no actor in the chain clearly 
shows an elevated position in the power structure. The terminals are fairly well balanced 
actors and show no special dependency towards each other, at the same time the 
Consortium has chosen a more diplomatic approach towards the larger actors. The 
forwarding agents and the truck drivers have a special power source in form of the union, 
with very strong political power. 

 

5.6.2 Which Actor Should Be the Channel Captain 
A channel captain is needed in order to organize the supply chain to maximize the 
efficiency, especially in a case like this, where the actors have many different levels of 
power. Of the actors (that were mentioned earlier), the forwarding agents are not a 
reasonable or even realistic alternative to be channel captain. This is because of the large 
amount of individual agents that form the forwarding agent actor in the chain. 
Furthermore, the forwarding agents have no experience of the type of strategic planning 
that is needed for such a role. The remaining actors will be discussed in the following 
paragraphs. 
 
The terminals have several issues that make them inappropriate to handle the position as 
channel captain. Independently of the question of which terminal should be captain, it 
would be a serious threat to each and every terminal to be forced to share important 
information with their most important competitors because of the constant fear of 
revealing confidential company information. This is also reinforced by the fact that they 
are direct competitors within the same market. The terminals also lack objectivity, because 
of the structure of the supply chain and the strong competitiveness between the terminals, 
and would probably prioritize their own company in the development and management of 
the supply chain. 
 
The Triangle is a privately owned company that possesses basic information about the 
terminals, because of the flow of trucks through its facilities, and has close relationships 
with the terminals. However, the Triangle works on an operative level and has little 
experience with strategic planning, which affects the possibilities for it to control the chain 
in an adequate manner. Furthermore, it is directly involved in the supply chain and has 
therefore economic interests in the structure of the chain. Because of its position in the 
chain and its economic interests, it is unreasonable to believe that the Triangle itself would 
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be able to make decisions that optimize the whole supply chain while endangering its own 
activities.  
 
The Consortium is an organization which is controlled by a board of directors, with 
representatives from the Municipality of Bahía Blanca, the government, the union and the 
terminals. The Consortium handles information from all the companies on the port 
facilities and is responsible for the infrastructure and development of the port. The 
Consortium has close relationships with all companies at the port, and normally works on 
a strategic level with possibilities for investments in the ports infrastructure. Furthermore, 
it is outside the direct system and have no direct economic interests in the actual supply 
chain; it can therefore make decisions that truly optimize the supply chain even though 
that would possibly affect some of the actors, for example the Triangle. In other words, 
the Consortium is more than well equipped to be an independent control organization or 
channel captain. The disadvantages might be that it is trying to optimize the whole port’s 
processes rather than this particular supply chain. Another issue is that the Consortium 
operates and plans on a very local level, the port of Bahía Blanca, whereas the terminals 
may have a more international focus as part of a larger supply chain. This may affect its 
possibilities to fully understand and comprehend the terminals’ main focus areas. 
 
From these evaluations above and with the reference framework in mind, it is clear that 
the Consortium is the only suitable actor to manage the position as channel captain in this 
supply chain. Fortunately, the Consortium is well suited and is the actor most likely to be 
able to improve and develop the current supply chain, both on an operating, and a 
strategic level.  

5.7 Solutions in Similar Systems 

5.7.1 Existing Solutions - Spain 
The port of Valencia, Spain, implemented a quality control system in 1993, based on a 
quality control mark that is used to guarantee a predefined minimum quality of service to 
the final clients. The users of the control mark, the marca, are authorized and supervised 
regularly by audit firms and by the port authority. The marca itself is owned by an 
independent organization that determines the standards, codes of conduct and the 
procedures that the user-firms must follow. The marca is used by all actors that are in any 
way involved in the port’s activities, including agents and transporters. To obtain the marca 
the firms must perform tests and be able to show, in an external audit, that they comply 
with the standards. 
 
There is an ISO certification that is currently being used in port handling, however since 
services in ports involve many different actors it has been a problem obtaining good 
results from this certification. The system of certification is a problem if companies in the 
same supply chain fail to certify their quality systems, since the benefits of the certification 
then will be lost. The marca has stronger requirements than the ISO system in two aspects. 
The marca includes all the actors involved in the port and thereby becomes a system-wide 
coordinated mechanism that offers the quality assurance to its clients. In order to reinforce 
the certification there are economic incentives to follow the commitments undertaken by 
the use of the marca regarding quality and service. As an example, in a dispute between a 
user-firm and his client, the client can report the firm to an independent review body for 
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investigation. The review body evaluates the claim and can, for instance, force the firm to 
compensate the client. The cost of the investigation is shared by the port authority and the 
user-firm. The port authority conducts several audits controlling the users and if the audit 
shows that the user is not following the directives from the marca, the authority can issue a 
series of financial penalties or, if the problem is severe enough, recall the marca. 
 
The use of the marca has resulted in several positive effects: reduced overall port costs, 
increased efficiency and competitiveness as well as higher certainty. Furthermore, the port 
organization took a step towards a more democratic hierarchy, with the marca giving the 
same assurance and safety to all port firms, independently of size. However, since ports 
build parts of international supply chains, it is important to remember that a chain is never 
stronger than its weakest link. A quality control system like this cannot guarantee the 
quality of an international transport.  

5.7.1.1 Possible Implementation 
A quality control mark could be an interesting solution for the port of Bahía Blanca. There 
are however some issues that must be discussed in order to consider a quality control 
system. The control organization must have legislated power of some sort to be able to 
uphold the certification. The question is then, what type of power is needed? Are some 
kind of economic sanctions or penalties good incentives for control and should they be 
combined with a quality control system? It is also important that the organization is 
independent and neutral to all the actors since corruption would make the system useless. 
For the quality control system to work, the control organization must be considered, by all 
the firms involved, as impartial, and as having authority. A quality control system should 
be very good for the Port of Bahía Blanca since their problems in keeping consistent 
quality are very similar to the problems of the port of Valencia. 

5.7.2 Existing Solutions – Sweden 
One of the largest terminals for inter-modular transports of grain and cereals in Sweden is 
the terminal at Djurön, in Norrköping. The terminal belongs to Svenska Lantmännen 
which is a company active in the agricultural business, one of their areas of trade being 
grain and cereals. The terminal is also used as a temporary storage facility until goods 
continue by sea transport.  
 
The terminal receives goods both directly from farmers and other terminals in the local 
area. During the peak seasons the traffic can be quite heavy and to avoid congestion and 
achieve a better flow in the system, an appointment system was introduced a couple a 
years ago. The system creates timeslots for all incoming transports in order to match the 
arrival pattern with the available capacity of the unloading facility. In practice, the system 
works as follows: the farmer or the delivering terminal calls one or two days ahead to 
report the delivery. The terminal decides when the truck can arrive to deliver the goods 
and the delivery will be appointed to a specific time, and the transport must arrive within a 
timeframe of 15 minutes. In other words, there is a specific timeframe where the truck is 
accepted. If the truck is too early or if it is more than 15 minutes late, the truck will have to 
wait for an available capacity slot. This means that trucks that arrive on time have higher 
priority than those that missed their time slot, and all late transports have to wait to unload 
without blocking or delaying any of the other traffic. Since it is expensive for trucks to be 
idle, the driver tries to arrive as close to the appointed time as possible. This has made it 
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possible to eliminate most of the queues and reduce turnaround times to around 20 
minutes.  

 
Even though the traffic at this terminal is significantly smaller than the traffic at the 
Triangle, the principle of how it is organized is the essence. Extremely high competition in 
the truck transport sector in Sweden has made it necessary to reduce queues and 
unnecessary idle time in several stages of the supply chain. This is a factor that contributes 
to make the supply chain more efficient, resulting in the fast introduction of new systems. 
In this example, the new system was implemented two years ago, and it has made the 
planning of the deliveries work better, even though it has taken some time to get the 
system to work smoothly. 
 
The terminal at Djurön does not charge those that make the deliveries, neither the trucks 
that transport from the terminals nor the farmers that deliver directly. Pricing strategies are 
a common tool in similar systems to smoothen out arrivals and avoid congestion. 
However, since this tool is not available at the Djurön terminal, changes have to be 
implemented using other incentives. Fortunately, due to the efforts of the transporters to 
avoid idle time, it is possible to control delivery just by offering the transporters minimum 
turnaround times if they fulfill the requirements.  

5.7.2.1 Possible Implementation 
A similar appointment system is already being used at the Triangle with larger unspecified 
time slots. A system with time slots as specific as the ones in the above example would 
probably be unrealistic to implement in Bahía Blanca within a short time horizon. It could 
nevertheless be implemented if the implementation is performed gradually, beginning with 
wide time slots and then moving on to form a tighter system when the system begins to 
works properly. This is investigated further in this report, when recommendations on an 
operative level are discussed in chapter 6.1.  

5.7.3 Existing Solutions – US 
The port of Los Angeles – Long Beach, USA, implemented in 2005 a traffic congestion 
system named OffPEAK that uses financial incentives to shift traffic from peak hours to 
off peak hours. The port authority together with the terminal operators, created an 
independent non-profit firm named PierPass, that manages the economical incentives and 
supervises the use of the system. The main idea with the OffPEAK system is to shift 
traffic from congested hours to hours with low traffic. A traffic mitigation fee has been 
implemented and it is charged to all (with some exceptions) in and out going trucks that 
arrive at or leave the port facilities during the peak hours. 
 
The system uses toll gates at all entrances, with radio tags placed on the trucks with 
information about the truck, cargo and a credit balance. The trucks that come during peak 
hours are debited the traffic mitigation fee, and this sum is paid in advance using credit 
cards via Internet. The fee, currently 50 US Dollars per TEU (Twenty Foot Equivalent), is 
passed over to the terminal operators and is used to pay the additional shifts that are held 
open for OffPEAK hours. The peak hours are Monday to Friday 03 am to 06 pm; all 
other hours are considered OffPEAK. During the peak hours each in and out going truck 
must book a transport slot to be able to retrieve their cargo from the terminal. This 
appointment task is however not needed during OffPEAK hours. In addition to this 
system, terminal operators are fined 250 US Dollars according to Californian law, for each 
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truck that must stand outside terminal areas for more than 30 minutes. However, the result 
of this law was that trucks were quickly passed in through the terminal gates and then left 
waiting inside the premises. These problems have disappeared since the implementation of 
the OffPeak system. 
 
By using the economic incentives and the appointment system for peak hours, the traffic 
pattern was changed and spread over the entire day. This resulted in reduced turnaround 
times, higher efficiency of the ports facilities and reduced traffic of trucks on all major 
incoming highways, especially during commute hours. This system also provides better 
information to all involved actors and reduces uncertainties in delivery times. 

5.7.3.1 Possible Implementation 
Economic incentives with the purpose of smoothening the arrival pattern would be 
possible to implementation at the Triangle. This in addition to an appointment system for 
some peak hours could very well be a suitable solution. The available system today at the 
Triangle should be able to handle the OffPEAK method, which should reduce the risk of 
costly solutions. A system like the OffPEAK requires a vast amount of information to be 
spread to its users: the transport firms and truck drivers. Nevertheless this should be a 
small effort in comparison with the positive results that can be managed, i.e. reduced 
turnaround times, reduced congestion and a smoother flow.  

5.7.4 Other Implemented Solutions 
There are numerous solutions that have been implemented in ports throughout the world 
to avoid traffic congestion. There are however six types of solutions that have been used 
more frequently than others and four of those six will be described and analyzed below. 
The remaining two types have already been presented in the chapters about Sweden and 
USA. 
 

 Extended gate hours: Extending the gate hours to allow activities during night time 
is a solution that ports in southern California have implemented. With this 
solution, the ports obtain a slightly different arrival pattern resulting in higher 
efficiency for the ports facilities and a decrease in traffic during remaining hours. 
However, this solution cannot be implemented by itself; some incentives are 
needed to force the users to change their behavior pattern. The condition for this 
solution is already implemented at the Triangle since they are open 24 hours a 
day, the next step would be to change the arrival pattern. 

 
 Off-dock Storage Yards: Some terminals and truck companies construct off-dock 

storage facilities and use contracted firms to transport the goods between the 
off-dock storage and the regular facility. With this approach there is the 
possibility to receive and ship goods simultaneously from two or more different 
locations. Furthermore, off-dock storages are normally placed in less congested 
areas, making it easier to manage the traffic situation outside the premises. This 
solution is partly implemented by Cargill; they have an off-dock storage place on 
the other side of the Triangle which is used as a large buffer with a fixed lead 
time. However, transports between the facilities are managed by trucks, which 
decreases the traffic congestion advantages. 
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 Expanded infrastructure: Several ports are investing large amounts in upgrading the 
infrastructure in and around the port facilities. These infrastructural 
developments mainly address truck and rail traffic, and result in higher efficiency, 
higher speed of transports as well as reduced uncertainties regarding deliveries. 
The current road network around the port facilities that is used from the Triangle 
is in very poor condition which results in low speed for the trucks and high 
uncertainties regarding transport times. The solution with developed and 
expanded infrastructure is however being implemented at the port of Bahía 
Blanca; they have recently upgraded the rail system and two bridges are on a 
planning stage to be built. 

 
 High Speed Gates: Many ports in the world are introducing fully automated high-

speed gates to increase the speed and the number of trucks that the check-in 
gates are able to handle. The systems used are mainly radio tags, digital images 
and optical character recognition. Using these systems the truck and cargo can, in 
a very short time, be identified and categorized and at the same time the 
information about the delivery is spread to those actors needing it. This 
information is then used to create invoices and control if the trucks are 
authorized to enter the premises. This type of solution could possibly be 
implemented in the Triangle; however, the check-in procedure is currently not a 
factor that limits the flow of trucks. 

5.8 Alternative Solutions 

There are often many alternative solutions to make the current processes more efficient 
and effective. In this case there are two main alternative solutions that could be feasible for 
implementation. An expansion of the Triangle or a new construction, these are described 
more closely in the following paragraphs. 
 
An expansion of the Triangle would temporarily relieve the roads outside the premises 
around the entrance of the Triangle. In other words, the Triangle would be able to have a 
larger amount of trucks inside the premises. Even though this might seem like an easy 
solution, there is a risk that it is just a temporary solution of the actual problem. This 
solution would likely result in even longer throughput times. However, there are 
economies of scale to be found, if the Triangle is expanded rather than the construction of 
a new one. 
 
The second solution would be to construct a new Triangle facility at the other entry to the 
port. At the moment, trucks heading to the Moreno and Cargill terminals have to drive a 
long detour because the old bridge does not have the strength to support the weight of 
fully loaded trucks. The Bahía Blanca and Toepfer terminals are however not affected by 
this because of the position of the terminals just before the bridge. The strongest 
motivation to the construction of a new Triangle at another location is the fact that it 
would eliminate the long detour for some of the trucks, especially for those arriving from 
the west. The trucks heading to terminals placed on the other side of the bridge would be 
transferred to the new Triangle and managed there in the same way. By doing this, the 
number of trucks at the current Triangle would be decreased and the problems with the 
queues of trucks outside the premises would temporally be reduced. 
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5.8.1 The New Bridge and how it Effects the Solutions 
There are plans to construct two new bridges to connect the two parts of the port. These 
bridges will affect the alternative solutions in different ways. The new bridge would have 
positive effects to the solution regarding the expansion of the Triangle. All the terminals 
could be managed from one facility and the longest transport distances would be 
eliminated. The construction of a new Triangle would decrease the traffic on the current 
bridge and therefore make it less interesting to build new bridges. In both cases the main 
objective is to lower the uncertainty of the deliveries and this is achieved by having shorter 
transport distances. By having shorter transport distances, it is possible to downsize the 
batch sizes while keeping the same service level. Therefore, when regarding the current 
flow of trucks through the Triangle, the construction of new bridges would motivate an 
expansion of the Triangle rather than new construction. 
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6. Recommendations 

6.1 Recommendations on an Operational Level 

The problems at the port of Bahía Blanca are not especially unique when compared to 
other ports and other similar systems. The main reasons causing the problem can be found 
in many other ports, which is why solutions from other ports have been discussed for 
possible use in the port of Bahía Blanca. How the changes should be adapted is discussed 
further below and in chapter 6.2.  
 
There are indicators that witness to the severity of the problems at the Triangle, as 
mentioned earlier: 
 

 The long waiting times 
 The congestions 
 The uncertainty in the system 
 The problems with adhering to standards 
 The fatal accidents 

 
These problems are signs that reveal serious inefficiency and problems that are costly for 
the supply chain. If this kind of inefficiency is not taken seriously it will be difficult for the 
supply chain to keep its competitive edge while other actors are developing their supply 
chains and pushing the costs even lower than today. 
 
The first and most serious problem that is examined in this report is the problem with the 
arrival pattern. The arrival pattern must be synchronized to the capacity of the terminals, 
otherwise it is impossible to eliminate the queues. The current system where a day of 
arrival is specified is not precise enough, especially not when trucks are allowed to arrive a 
day early or late to the appointment and still go through the system as normal. It might not 
even be necessary to be as specific as hours (as many other ports are); just by dividing a 
day into 6 periods it is possible to form a smoother flow during the peak hours of the day. 
During the high season the trucks should be equally distributed throughout the time 
periods. This should however be changed during low season to better fit the capacity at the 
terminals and to avoid inconvenient timeslots. 
 
Many of the trucks travel a long distance to Bahía Blanca with their goods and since the 
traffic and roads are often an important factor affecting the uncertainty it can be difficult 
to exactly estimate the time of arrival. This has been a recurrent argument from truck 
drivers against implementing a more strict appointment system. However, most of the 
trucks do have possibilities to control their arrival to a certain degree. They do currently 
not benefit from arriving on time. If a system were implemented, in which the trucks that 
appear on time were to benefit from the punctuality, it would be easier to gradually 
improve the system with smaller time slots.  
 
To make it more attractive for trucks to arrive on time, a differential pricing strategy 
should be used. Today all the trucks have to pay a fee when they enter the Triangle and 
this fee is the same no matter if they are late or early. In a time slot system, if a truck 
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arrives on time it should be charged a lower fee than a truck that is late or too early. In this 
way there is a natural incentive to keep to the allotted time slot instead of trying to get as 
good a position in the queue as possible.  
 
Controlling the arrivals is an extremely important issue, a problem that many other ports 
are struggling with. However, in the case of Bahía Blanca, the operator of the Triangle 
does not seem to directly suffer from the consequences. This makes it harder to 
implement the changes and create the new standards that are needed to solve the problem. 
It is strongly recommended control be taken over this problem as soon as possible, and 
not wait for the Triangle to solve the problem by itself. 
 
Even if the cupo system has been in use for a long time now, there are still problems with 
trucks showing up without cupo. The idea with the cupo system is good but if the objective 
is to introduce new standards, it is not a good idea to continue accepting users that do not 
comply to the standard in a satisfying way. Rejecting users that do not follow the standard 
would probably be too drastic a method; instead, some kind of penalty cost for these users 
is recommended. 
 
The solutions from Scenario 1, 2 and 4 (batch sizes, the check-in procedure and quality 
control) do not have as high a priority as the work with gaining control over the arrivals. 
There are however, some issues that should be considered. Bahía Blanca terminal uses very 
large batches when ordering from the Triangle, which makes an unnecessary contribution 
to the total turnaround time. Batches should not need to be larger in size than the 20-30 
trucks (or not even that large) that Cargill and Toepfer normally use. This should more 
than compensate for the uncertainty in the transport between the Triangle and the 
terminal. Larger batches increase the turnaround time and enhance the risk of congestion 
when a large batch is sent away. 
 
Conflicting information was received regarding the check-in procedure, as to whether this 
process is or is not a problem. According to interviews with the truck drivers, the check-in 
is a serious bottleneck in the system. However, the data and the simulation show no signs 
of problems in this part of the system. The check-in process should be revised more 
thoroughly to assure that it is not a bottleneck. The results of the simulation show that it is 
important to avoid shortage of resources at this point because it has large consequences on 
the flow through the rest of the system. Besides, the cost of having enough staff at the 
check-in at all times is relatively small when relating to the cost of having trucks waiting in 
line outside the premises when there are not enough resources to handle the arrivals. 
 
When forming a new system, factors such as rain and regular breakdowns of the terminals 
should also be considered. A breakdown of these sorts could easily cause a lot of problems 
at the Triangle if there are slim margins. The system must be able to handle some 
unexpected events without collapsing. Fortunately, longer breakdowns occur quite seldom 
and when they do occur, trucks continue arriving at the Triangle even though the terminals 
are down. If an appointment system has been implemented there must be a way to handle 
these kind of problems without disturbing the appointment system more than necessary. 
When the present system stops, the queue is simply put on hold while waiting for the 
terminals to open again. Hence, all the trucks suffer from the delay. With tighter systems 
and smaller buffers it is important to manage the risk in a more active manner since it 
might not be affordable or possible to increase the efficiency while maintaining the same 
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risk level. How to handle risk in relation to costs is an issue related to risk-management, 
and is not a topic of further discussion in this report.  

6.2 Recommendations on a Strategic Level 

An important issue, which has been mentioned earlier, is the matter of assuring total 
quality when providing a logistical service. Most of the actors at the port of Bahía Blanca 
work rather independently today, a situation that has formed a structure that makes it 
difficult to guarantee the same quality at the different levels of the chain. When working 
independently, each actor is focused on maximizing profits by optimizing their own 
businesses, in other words, local sub optimization. In the case study of the Triangle it was 
said that the terminals are satisfied as long as there are trucks to cover the demand, while 
the Triangle is satisfied as long as all the trucks can go through the system and pay the fee. 
Those who directly lose the most money because of the current inefficiency are the truck 
drivers. It is however probable that the other actors lose money indirectly; indirectly in the 
sense that the inefficiency of the transportation leads to higher transport prices. In order to 
accomplish change in this system it is recommended to share some of the risk as well as 
some of the costs among the actors.  
 
As discussed in the recommendation on the operational level (see 6.1), differentiated toll 
fees is a good way of controlling the arrival pattern. The same arguments used then, should 
be applied when dealing with the terminals. The success of the system is not only 
dependent on the trucks; it is just as much dependent on the reliability of the terminals. 
The terminals should have responsibility for keeping schedules and agreements, and if they 
cannot uphold these, terminals should bear the whole, or at least a vital part of the extra 
costs that are involved. For example, if the trucks are late, it is suggested in this report that 
they should pay a higher entrance fee. Likewise, if the terminals are behind schedule, they 
should pay the trucks for the extra time they have to wait to unload. If the terminals are 
behind schedule because of reasons beyond their control, it might be more reasonable to 
share these costs; nevertheless, it would not be acceptable to let the trucks bear the total 
extra cost. Currently, some of the terminals do pay compensation for extended waiting 
times; the compensation is however not compulsory or standard for the terminals.  
 
The principle of information sharing is an important strategic step in order to develop this 
supply chain. Information such as forecasts of demand, available trucks, planned 
shutdowns and other important information should be shared among the relevant actors 
to ease the planning. By sharing information, it also becomes easier to avoid unexpected 
events which result in drastic consequences further along in the chain. Information sharing 
can for instance be controlled by selling and buying information since it often can be very 
valuable for actors in the beginning of a supply chain. Regardless of how this is solved in 
practice, the essence is that the sharing of information is important.  
 
Terminal Bahía Blanca has recently opened a website where different actors are supposed 
to log in to obtain information and make appointments for deliveries. The system can 
support the transporting agents when keeping control over their trucks and make sure that 
everyone has a cupo. This is a step in the right direction regarding the information sharing 
principle, even though there is still a long way to go to achieve sufficient flows of 
information.  
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There have also been discussions about solving the problem by expanding the Triangle, 
building a similar facility in another part of the port or shifting some of the traffic to other 
facilities. It might be necessary to carry out some of the suggestions in order to handle 
future expansion of the traffic. However, it is not recommended at this point since the 
problems at the current facility must be solved first, especially before making investments 
in new facilities.  

6.3 Issues Regarding Implementation 

6.3.1 The Triangle as a Privately Owned Actor 
The fact that the Triangle is a privately owned actor of the supply chain, with a very special 
position in the chain, is an issue that has to be considered when making decisions 
regarding the implementation of a new solution. The Triangle is unlikely to be positive to 
any solutions that entail the possibility of a decrease in income for the company, even if 
the solution improves the supply chain as a whole. If a solution were to be found that 
made the Triangle unnecessary, it would of course be deemed as threatening and would 
consequently be rejected by the Triangle. 
 
This results in a situation where the Triangle would be against any solution where the 
investments needed are larger than the Triangle’s expected accumulated profit increase. 
Having the Triangle as an independent actor makes the Triangle very hard to manage, 
especially when introducing improvements that do not directly benefit the Triangle.  

6.3.2 Political Influence 
There are several political instances that influence decisions regarding this issue. The 
terminals as well as other political instances influence the decisions of the Triangle and the 
Consortium. For instance, there are political guidelines issued by the Municipality 
indicating that a new Triangle would be suitable. The Municipality has already reserved a 
large area at the west entrance to the port for a facility handling trucks, described in the 
transport policy statements in the municipal plan for the coming four years. Besides the 
actors of the chain and the Municipality, there are several large companies that express 
their thoughts as a way of influencing decisions. As an example, a large railway company 
has gone public with the need of a large second Triangle with capabilities for rail-to-truck 
transference of goods. The last actors with political influence are the unions, for example 
the transport syndicate. They have a strong influence even though much effort often is 
needed in order to exercise their power.   
 
Whether the final system will be the most appropriate or not depends on if the decisions 
are made for specific actors or for the whole supply chain. If decisions are not made based 
on what is best for the supply chain, it cannot be expected that the resulting system be one 
that optimizes the supply chain. 

6.3.3 Cultural Influence 
The influence from the surrounding culture when a system is introduced or used, is a 
known factor that affects the possibility of creating a successful system. Introducing new 
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systems to a market or users that do not know how to, or if they want to, use it can be very 
costly. It might lead to a solution with poorer results than the old system.  
 
An appointment system is dependent on users arriving on time. But how close to the 
appointed time do the users have to appear? The culture in Argentina does not encourage 
punctuality. Transports are often late for different reasons and even though they are late it 
does not result in any direct consequences since no one actually expected them to be on 
time in the first place. The reasons for delays can be anything from congestion, road 
blocks, and bad weather to just because the driver started the journey late. However, most 
of the time the transports are completed as planned just slightly off schedule. This should 
be taken into consideration when implementing a solution. As an example, it would be 
rather naive to implement an appointment system in Bahía Blanca with the same time slots 
as in the port of Los Angels without having a transitional period. A transitional period 
could be an initial period where the time frames are quite wide, the penalty charges are 
relatively low and there is tolerance for mistakes. However, it should still be more 
profitable to arrive on time. This smoothening transition period does also reduce the 
impact of the next significant cultural obstacle, scepticism.  
 
There is a widespread scepticism of the possibilities that new systems can bring to improve 
the situation. This scepticism is an important obstacle to overcome, since the success of 
the system depends on if the managers, and especially the users, believe in the system. 
Reducing scepticism could for example be done by providing related and vital information 
as well as education with respect to how the system is supposed to work and how it should 
be used. Economical advantages that directly benefit the user could also contribute to 
acceptance of the system. Unfortunately, it is not unusual that those who benefit the most 
from the system are actors other than the actual users of the system. 

6.3.4 Investments 
When a system has been implemented, users and operators have already invested large 
amounts of capital, information and time to be able to make use of the system. When the 
decision has to be made to change, upgrade or renew a system, it is often hard to motivate 
large new investments and the use of new techniques when the system is considered to 
work satisfactorily.  
 
The general opinion of the part of the terminals seems to be that they have a fully working 
system. Regardless of the queues on and around the premises, the Triangle always has the 
ability to send trucks at the pace the terminals decide. So from their point of view, the 
system works satisfactorily. From the Triangle’s point of view the system is occasionally 
under-dimensioned for the flow of trucks. Nevertheless, the flow of both incoming and 
outgoing traffic is held continuous, which is its objective according to the services it 
provides. The Consortium is in a position where it wants to create a safe environment, 
satisfy the terminals and at the same time improve the port. The problems with traffic and 
the long queues is a publicity issue that mostly affects the Consortium. Because of this, the 
Consortium is interested in finding solutions to resolve the problem of queues and 
improve operations performed in the ports facilities. In other words, the Consortium has 
public relations and political reasons, as well as reasons to make the port more attractive 
for new companies. Finally, the last actor, the transporters, has the largest disadvantages of 
the system and therefore, regards the system as inadequate and inefficient. They bear most 
of the costs of the long through-put times as well as representing a large share of the 
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Triangle’s income through the check-in fee. The resulting situation is that there are only 
two actors in the chain that have strong reasons to develop and improve the system. 
Unfortunately, the actors (the terminals and the Triangle) that need to invest the most 
capital are the ones that want the improvement the least. 

6.4 Suggestions for Future Research 

There are several areas that have been outside the boundaries of this report that would fit 
perfectly as research base for other case studies. To begin with, it could be interesting to 
analyze the current infrastructure, including roads, bridges and the consequences regarding 
traffic of a new Triangle. After visiting the Triangle, it is obvious that a traffic simulation 
would be needed for the Triangle area and its surroundings, especially regarding the main 
ingoing and outgoing traffic passages. 
 
Another area that would be perfectly suited for future research is quality assurance. To 
investigate the possibilities of a port wide quality assurance system to help uphold quality 
at all the different types of actors. How would such a system be implemented, and which 
rules or statements of conduct would they have? How could it be implemented throughout 
the entire port, with which type of control organization and which type of authority? 
 
It would also be interesting to conduct an analysis regarding the Consortium’s role in the 
future. If the port is to be competitive, it is necessary to benchmark its activities with other 
ports in the world. What ambitions does the Consortium have for the port of Bahía 
Blanca; is it to be the largest and leading grain port in Argentina or one of the leading ports 
of South America? It would also be wise to investigate if the Consortium should take 
control over the Triangle or if a new organization should be formed to do the job that the 
Triangle does today. 
 
The port of Bahía Blanca has invested and constructed a multipurpose quay to be able to 
ship and receive container traffic. This quay and the operations regarding the container 
traffic could be a study area in itself. However, it would also be interesting to see where 
focus for the port’s development should lie. Should the port of Bahía Blanca proceed with 
its plans of increased container activities, bearing in mind the short distance to the already 
leading container port of Buenos Aires? Or should the port try to optimize the grain 
market and operations in order to win over market from the port of Buenos Aires? These, 
among other related topics, can be suitable for further research.  
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