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Abstract 

 
 
Nowadays, safety and environmental awareness about the increased industrial accidents have 
become a critical issue that concerns both, individuals and governmental policies. This leads 
to higher demands on the manufacturing industry to be safer and more environmentally 
friendly. Recently, there has been a number of industrial accidents and serious fires in the 
world that have increased because of using plastic composite IBC containers in industrial 
manufacturing. And this becomes a common important issue for all manufacturers that strive 
to improve their environmental performance. 
 
The main purpose of this thesis is to investigate different available options of oil fluid storage 
and transportation in the industry, and to identify the most crucial factors related to each 
storage and transportation mode. Those factors are investigated and highlighted regarding to 
their effect on quality, environment and work environment. The thesis also aims to investigate 
and analyse the hazards associated with oil storage in the plant and in the warehouse and to 
use risk management strategies in order to identify and mitigate risks in the early stages. 
 
The work is carried out at GKN Driveline Köping AB that required a study of the methods used 
in industry for oil storage and transportation. Therefore the work focuses on identifying 
suppliers’ different transportation processes including different packaging options. 
 
This report includes an explanation of the methodology that is used to perform the task that 
the company has entrusted, and also contains a review of the comprehensive literature study. 
The method used to investigate hazards associated with oil transportation and storage is risk 
management that includes risk assessment tools, FMEA analysis and Ishikawa diagram. 
FMEA is performed to analyse both, the company’s current process and the process of filling 
oil by tank trucks regarding quality, environment and work environment. Benchmarking is 
another analysing tool used to analyse Volvo Power train and GKN Driveline different 
performances. The empirical findings are analysed by utilizing the JIT philosophy to identify 
the non value added activities and then determine the inconsistency with JIT philosophy. 
Kaizen and possible improvements are identified as well, with the help of the visual map VSM. 
 
The results that have been achieved are presented and modified according to what suppliers 
can provide, what the law demands, what the insurance requires and even what fits with the 
plant structure. The conclusion includes a description of the relation between internal and 
external logistics and how the synergy between them affects the choice for different 
transportation processes. It also includes a suggestion for possible improvement regarding 
logistical costs and transportation costs. 
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GLOSSARY 
 

AWD   

An acronym for All- wheel drive. It is the system that powers all four wheels of a vehicle 

Accident 

An abnormal event which has a direct negative impact on human health or the environment 

DSV    

A global supplier of transport and logistics services 

FMEA 
Failure mode and effect analysis is one of the first systematic techniques for failure analysis 

Hazard   

The property of a material that has the potential to cause harm to people, property or the environment 

IBC  

Intermediate bulk container is a container used for transport and storage of oil, food and chemicals 

Incident  

An abnormal event which could lead to direct negative impact on human health or the environment 

JIT         
Just-In-Time JIT is a set of principles and tools for low budget and high profit   

Kaizen  

A Japanese word that stands for improvement or change for the better  

Lead time  

Time between the initiation and execution of a process 

Muda  

A Japanese word that stands for waste and any activity in your process that does not add value 

Mura  

A Japanese word that stands for unevenness and any variation leading to unbalanced situations 

Muri  

A Japanese word that stands for overburden, activity creating unreasonable effort for man or material 

PDSA    
The improvement cycle Plan – Do – Study – Act    

PTU  
Power Take Off Unit is placed in connection to the Gear box and transfers the power to RDU 

RDU  

Rear Drive Unit. Gear axle that transfers the power from the front to the rear wheels  

Reverse logistics  

All operations related to the returned back products to the firm for reuse, recycling  or disposal 

Risk  

The probability of Occurrence x Severity if occurred x Probability of detection and hindering impact 

RPN  

Risk Priority Number is a risk measurement used in the evaluation of FMEA 

SQA  

Supplier Quality Assurance is the methods and processes used to ensure quality 

VSM       
Value Stream Mapping, is a lean manufacturing technique to analyse the flow of materials  

http://www.businessdictionary.com/definition/reuse.html
http://www.businessdictionary.com/definition/recycling.html
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Abbreviations 
 

AFS         Swedish Work Environment Authority 

AWD       All- wheel drive 

EPA         Environment Protection Agency 

FMEA     Failure mode and effect analysis 

H&S       Health and safety 

IBC          Intermediate bulk container 

JIT           Just-In-Time 

MSB        The Swedish Civil Contingencies Agency 

OK-Q8    OK: Economic Association - Q8: Kuwait 

PDSA      Plan – Do – Study – Act 

PTU        Power Take Off  Unit 

RDU        Rear Drive Unit 

RPN        Risk Priority Number 

SFS         Svensk författningssamling 

SQA         Supplier Quality Assurance 

TPS          Toyota Production System 

UV           Ultraviolet 

VSM        Value Stream Mapping   
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1. Introduction 

 

This Chapter includes a description of the thesis background and the aim of the project. 

The problem is described thoroughly then it is  followed by the problem statement that 

includes the research questions. Then the Chapter ends with delimitations and a 

presentation of GKN Driveline Köping.  

 
 

1.1 Background 

The work has been carried out at GKN Driveline Köping AB. The company required an 

investigation about different methods that are used for oil storage and transportation in the industry. 

The research should take into consideration some important aspects such as maintaining oil quality, 

prevention of contamination, environmental safety and work environment safety. 

 

This report includes an explanation of the methodology that is used to perform the task that GKN 

has entrusted, and also contains the tools and methods that have been applied to accomplish the 

desired results. The results that have been achieved are presented in this report as well.  

 

This work focuses on identifying suppliers’ different transportation processes including different 

packaging options, in order to investigate the best possible delivery to GKN plant. 

 

 

1.2 Aim of project 

The thesis contributes in assessment and reduction of risks associated with the storage of oil packed 

in IBC containers at the GKN Driveline plant and assist to improve the industrial results according 

to the academic applications. 

 

The objective of the thesis is to investigate different available options to store and transport 

transmission oil, and to inspect the related factors to those different transportation modes. A risk 

analysis of those factors is expected to facilitate decision making for the manufacturer. The thesis 

work also investigates the relation between internal and external logistics and how the synergy 

between them affects the choice of different transportation processes. 

 

 

1.3 Problem Description  

Oil is a very useful raw material and an important component of a variety of products. Oil is usually 

stored in different types of containers, such as bulks, barrels or IBCs. IBCs have become very 

widely used nowadays, not just in transport for which they were originally designed, but also for 

longer term storage, and even in production usage. GKN Driveline as a manufacturer of automotive 

gears utilizes several types of oil fluids as a filling material in gear components or as a cutting fluid 

for metal processing. Those oils usually transports to GKN in IBC containers from three different 

suppliers.  

 

GKN utilizes different transmission oils in nine production lines for manufacturing of automotive 

gears where oil fills in gear components as an integrated part. Each production line utilizes one or 

two types of transmission oils depending on the type of the gear that produces and the variation in 
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production on each production line. Production lines, that use two different types of oil, usually 

stack two IBCs on each other. 

 

Two main problems may occur during the storage of IBCs. The first one is connected to the 

warehouse low temperature, especially in winter because the warehouse is not supported with 

heating units, which can damage the oil quality and properties as well. Exposing oil fluid to low 

temperature causes additive separation so they build up layers. The additives need to be dissolved 

again by mixing or reheating the oil. Some sensitive oils, such as Haldex oil, can be totally damaged 

because of the additive separation.  Reheating and mixing are useless in this case because additives 

will not dissolve again. On the other hand the cold oil may cause delay in the raw material flow, stop 

in production or even affect product quality. And even more, this causes inventory accumulation 

because the oil has to be stored until its temperature stabilizes to room temperature and the additives 

dissolve together again. 

 

The other problem is that the plastic composite IBCs are 

vulnerable to ignition and classified as non fire safe 

material, with a high risk probability. IBCs fail rapidly 

when they are exposed to a fire and the plastic material 

melts directly. See figure 1. After failure, IBCs release their 

contents in a few seconds which lead to fire spread and 

rapid involvement of more IBCs. IBCs are not allowed to 

be stacked near walls inside the plant and even inside the 

warehouse because the oil may leak and seep through walls. 

See Appendix 2. 

 

Another essential aspect of this work is the importance of oil quality and purity. It is widely accepted 

that oil contamination is one of the major causes of component failure. IBC is the best choice in this 

case because its material does not make any chemical reactions with oil and protects the oil from 

contamination during transportation and storage as well. Some contamination risk may occur during 

oil filling because dust and other contaminants from surrounding environment may accumulate 

inside IBCs because they may be left open before filling with oil. 

 

GKN plant uses also cutting fluid for metal processing with similar conditions as transmission oils 

i.e. cutting fluids are transported in the same packaging, stored in the same cold warehouse. IBCs 

also stack over each other in the warehouse and when they utilized in production. 

 

 

1.4 Problem statement 

The problem statement sets out the problems and issues to be investigated and resolved in the thesis.  

The challenge of this project  is how to improve the logistic supply process for transmission oils and 

how to evaluate different alternatives to IBC containers for a safer environment and better storage 

conditions.  

 

The main focus of this project is to answer the following research questions: 

RQ 1:  What are the available supply options for oil transportation and storage? 

 

RQ 2:  What are the consequences of changing external logistics on internal logistics? 

 

RQ 3:  How effective are the different options compared with different requirements, such as 

safety and quality? 

RQ 4:  How could risk management and Just In Time be utilized to improve the logistic 

process for transmission oils used in gear manufacturing at GKN Driveline? 

Figure 1: Fire and oil release from a burned 

IBC (Metanousa 2009). 
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1.5 Delimitation 

This work is held out to investigate available solutions for oil handling and includes a study for both 

the external- and the internal oil transportation and storage.  In order to study the external oil 

handling, it requires to investigate the company’s suppliers and to evaluate their supply chain 

procedures. All the suppliers will be studied thoroughly and the outlines of their supply chain will be 

investigated, as well. Due to the lack of time and the complications in interviewing different 

suppliers in different large organizations, the choice of which supplier that will be studied more, is 

based on the quantity and diversity of oil types that they provide to GKN plant and their extent of 

cooperation in providing information for this project. To study one supplier closely requires a lot of 

investigations, detailed information gathering and continuously interviewing, which is time 

consuming. 

 

Lean philosophy includes many principles and tools that cover many different aspects. Thus only 

associated tools and principles to the thesis main problem will be studied and presented. Just-In-

Time will be conducted to take advantage of this improvement philosophy that focuses on waste 

elimination, inconsistencies in the process, and unreasonable requirements. Value Stream Mapping 

is a Lean technique that also will be applied in this work in order to document, analyse and improve 

the flow of oil. 
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1.6 Company Presentation- GKN Driveline Köping 

GKN Driveline is a part of the GKN global engineering group that contributes with technologies and 

products for vehicles and aircraft. GKN operates four divisions:  

 GKN Land Systems - “is a global leading supplier of technology differentiated power management 

solutions and services. We design, manufacture and supply products and services for the 

Agritechnical, Construction, Mining and Utility vehicle markets and key Industrial segments, 

offering integrated PowerTrain solutions.” (GKN Driveline, 2013). 

GKN Aerospace - “is a first tier supplier to the global aviation industry. A leader in the manufacture 

of highly complex composite and metallic aerostructures and engine products, our business is 

equally focused on military and civil markets.” (GKN Driveline, 2013). 

GKN Powder Metallurgy – “comprises GKN Sinter Metals, the world’s largest manufacturer of 

sintered components and GKN Hoeganaes which produces metal powder used in the manufacture of 

these components.” (GKN Driveline, 2013). 

GKN Driveline – “The world’s leading manufacturer of automotive driveline components”. That has 

around 20,000 employees in more than 40 facilities in 23 countries working in corporate with 

vehicle manufacturers. (GKN Driveline, 2013). 

 

GKN Driveline Köping AB 
The company was founded in 1856 as Köpings mechanical workshop as the figure below shows. 

GKN was until September 30, 2011, owned by Getrag, Volvo Cars and Dana. The company 

started at the beginning of the last century developing advanced gear cogs. In 1996, the first systems 

for four-wheel drive was developed at GKN.  The four wheel-drive system was developed by using 

high technology and advanced automated production system.  

 

Nowadays, GKN Driveline Köping, with a head office in Köping, is a leading manufacturer of 

automotive Driveline components with a wide range of manufacturing components. GKN plant has 

around 800 employees in a production area of 70 000 square meters. GKN Driveline Köping 

products distribute worldwide to global customers such as example Volvo, Land Rover, Ford, 

BMW, Porsche and Dacia. 

 

GKN Driveline accomplished record result for 2012, despite the fact that car sales are described as 

the worst in Europe for the last eighteenth years, where GKN’s global sales increased by thirteen 

percent and were estimated for about 2 billion. 

Figure 2: GKN Driveline Köping history, ( GKN Driveline 2013). 
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GKN Driveline Köping production 
 

GKN Driveline Köping produces Rear Drive Units (RDU) and Power Take-off units (PTU) as 

figure 3 shows after the demand for global car manufacturers all over the world. See figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3: AWD products (GKN Driveline 2013). 

Figure 4: Products 2011 (GKN Driveline 2013). 
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1.7 Health and Safety at GKN 

Safety is a core value to GKN company that strives to improve their protective safety system by 

forming guidelines and developing an information system within these guidelines. GKN provides a 

high standard of safety and always aims to secure the highest level of safety for employees by 

implementing safe behaviours, safe systems and safe practices for everyone.  GKN carries its own 

safety program “thinkSAFE!” that supports the continuous improvement of H&S performance. 

 
is a learning tool that has been developed by GKN 

over the last 2 years, and it will be the foundation 

for many of the things that GKN do in the future.  

 
 

The GKN risk and safety initiative, thinkSAFE! has a visual identity with certain guidelines and 

specific outlines to ensure that thinkSAFE! is applied in a consistent manner throughout the 

company. The aim of thinkSAFE! is to eliminate work related illnesses and injuries that comply with 

the requirements of the legislation in each jurisdiction. 

“thinkSAFE!  is the visual element that demonstrates our commitment to improving safety 
within GKN” (GKN Driveline 2013). 

thinkSAFE! Is a system that creates a H&S culture, especially in GKN plants and is based on all 

employees accepting of full responsibility. The program provides all employees safety with the 

opportunity to improve their workplace by eliminating unsafe conditions and behaviours. 

thinkSAFE! has certain objectives: 

 Proactively identifying potential H&S risks to themselves and their colleagues 

 Applying lessons learned from related incidents & established best practice 

 Removing risks or increasing a sufficient management for action 

 

This safety system is a visual element that demonstrates the company’s commitment to improve 

safety within GKN. Those elements must be implemented correctly and used imaginatively. All 

reproductions of the elements are shown within the thinkSAFE! visual identity. This visual identity 

illustrates the safety guidelines in a form of artwork and examples supplied on the thinkSAFE! The 

figure below shows a poster for the” doMORE!” program within thinkSAFE!. This poster aims to 

stimulate employees to remember important rules and enhance them for continuous improvement in 

the workplace. 

 

    
 
 
 
 
 

 

 

 

 

 

 

 

Figure 6: thinkSAFE! poster (GKN Driveline 2013). 

Figure 5: thinkSAFE! (GKN Driveline 2013). 
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2. RESEARCH METHODOLOGY  

 

This Chapter includes a presentation of the thesis working process which is a 

combination between two different scientific approaches. The Chapter also includes the 

research tools that are contributed to a methodological performance of this work. 

 

2.1 Working process 

This Section includes a presentation of the thesis plan to conduct this work, which is done to achieve 

the thesis objectives. The work process is a combination between the two different methodical 

problem solving processes; PDSA cycle and Ulrich model.  The outlines for those models are 

presented and described shortly, since both were an inspiration source to develop and customize the 

thesis working model.  

 

2.1.1 PDSA cycle 

 

 

 

PDSA is the improvement cycle (Plan – Do – Study – Act ) as 

figure 7 shows.  PDSA is an iterative four-step management 

strategy used for the control and continuous improvement of 

processes and products. According to Munro (2009), PDSA is an 

improvement cycle used as a road map to work through a process 

in order to identify potential aspects that can be improved. The 

cycle should be repeated until the process accomplishes the 

desired result, where the four steps in PDSA are guidelines for the 

work progress.   

 

 

 

 

PDSA four steps are (Langley et.al 2009): 

 

Plan- the change that is intended to be changed. 

Establish a plan for what is to be worked on by defining the objectives, prediction and the 

problem questions. Then plan data collection to answer those questions. 

 

Do -  carry out the test or change. 

   Implement the plan, execute the process and carry out the test or change and begin data 

analysing  

    

 

Study-collected data before and after you make a change and reflect on what was learned. 

Complete the analysis of previously collected data and compare data with predictions, then 

summarize what was learned 

 

Act  - plan the next change cycle or complete implementation of the accomplished results. 

Decide whether to finish the cycle or begin it again. Plan the next cycle if the results are not 

good enough to apply or implement or implement the changes that have been accomplished. 

Figure 7: PDSA cycle (Munro 2009). 
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2.1.2 Ulrich Model 

Ullman 2010 describes in his book that the innovation process for product and process development 

comes through consistently. He recommended an approach to an improvement process with a 

practical overview of a modern development process, Ulrich model as the figure below shows.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ulrich model five stages are (Elassar 2012): 

 

1. Identifying customer needs 

The target must be identified and the customer needs must be defined as well, in order to get a 

steady start to the development process and to determine the work guidelines. 

 

2. Establish target specifications 
Specifying project objectives and establishing these specifications by understanding the 

problem to find the best way to solve it. It is also important to perform a competitor analysis 

in order to keep pace with market developments. 

 

3. Generate product concept 
Concept generation is to generate ideas through creating new ideas or developing existing 

ideas. Prototypes can be also further developed if it is needed to test possible solutions. 

 

4. Concept selection 
One or more concepts are selected for further development and analysing. 

 

5. Further development 
Concept refinement and development is the last stage in this process. Then the component / 

process investigates further more. It is also important to conduct an economic analysis 

because it determines how the process will be implemented and how the plans will be 

performed. 

 

 

 

Figure 8: Ulrich Model (Elassar 2012). 



 

 

9 

 

Plan Study Analyse Improve 

2.1.3 Thesis research approach    

The thesis research approach is an inspiration of the two previous models that resulted in a new 

combined model. See figure 9. This combined model is generated to fit the thesis outlines and 

requirements.  

 

The work process is planned in a harmonic sequence, where each step creates a milestone to the next 

and it is divided into four main phases to accomplish the desired result. Those four phases are 

planning, studying, analysing and improving, where each phase has certain activities. The activities 

are organized in each phase, so they are depending on each other in a logical sequence. According to 

Johannesson et.al (2004) between any processes phases there are fixed decision points, "tollgates". 

The four phases include both synthesis and analysis that facilitate the work to achieve the required 

result. It is also important to document the work approach and to codify the thesis progress, in order 

to provide traceability (Johansson et.al 2004). 

 

 

 

The table below shows the author’s own structured model with a simplified and general description 

of the thesis work process.  
 

      

 

    Plan 

 Time planning  

 Establish target specifications 

 Background research 

 Thesis requirements and specifications 

 Set up theoretical framework  

Study 

 

 Data Collection 

 Problem definition 

 Question formulation 

 Literature study 

 Interview and Benchmarking 

 Data interpretation 

Analyse 
 

 Appointments arrangement 

 Continuous interviewing 

 Problem narrowing 

 Data compression 

 Competitive products 

 Detection and conclusion 

Improve 
 

 Evaluation  

 Modification 

 Further development 

 Reporting 

Table 1: Phases in the thesis work process and the activities in each phase. 

 

Figure 9: Flowchart for the thesis work process. 
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 2.2 Applied research methods   

 

The information research process passed through several stages and frequent activities, as the figure 

above shows. All activities focused on research axis, which is gathering data in order to create the 

research questions. The following Sections of this Chapter describe the main activities that are used 

for data collection. 

 

2.2.1 Data gathering 

Data gathering is a process of preparing and collecting information. The purpose of gathering data is 

to acquire information that requires to push the work forward and to get a clear view about the 

subject in order to put the first steps in the investigation process. Sometimes the choice of data may 

be a problem that needs to be organized and performed accurately (Ghauri & Gronhaug, 2005). 

Anyway, usually data primarily is collected to provide information about a specific subject or a 

research topic, which often takes place early in any project. Data gathering should be performed by 

following a cognitive plan that contains the following activities (Golding & Knudson 2010): 

1. Pre collection  

The first activity is pre collection activity that includes certain actions, such as searching data 

for target deciding and for word choice in order to formulate research questions then selecting 

research methods. 

2. Collection 

 A specified data collection should be done by using different data searching methods, such as 

interviews, benchmarking, electronic databases etc. 

3. Present findings 

The last activity usually involves some form of data categorization, analysis then presentation. 

Figure 10: Research methods used to accomplish thesis objectives. 

Assessing 

     information 

 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Golding%2C+Stephen+L.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Knudson%2C+Roger+M.)
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To obtain the main goal of data gathering in this thesis, a quantitative and a qualitative data research 

is conducted, where the quantitative helped to collect a huge amount of data within the scope of the 

project, while the qualitative facilitated the acceptation or rejection of the thesis hypothesis. Then a 

combination between both quantitative and qualitative is used as a base for further work 

improvement (Gharry & Gronhaug 2005). 

 

The data gathering process is based on two sorts of knowledge, academic knowledge and empirical 

knowledge (Gharry & Gronhaug 2005). The academic knowledge can be obtained from different 

sources, for instance monographs, edited collections, doctoral dissertations, scholarly journals, 

including peer reviews, while the empirical knowledge can be obtained by searching in the 

company’s web page, trade magazines and professional journals. 

 

In this thesis, the academic knowledge was obtained by using free internet resources, such as DIVA, 

that includes research papers and other student theses. LIBRIS, ebrary, Google Scholar and Google 

books are other databases that have provided online books and articles. In addition, library text 

books, encyclopaedias, dictionaries and previous course literatures were supportive data sources for 

obtaining the desired knowledge. The resources were used to obtain the empirical knowledge are 

GKN’s web pages, interviews, benchmarking visit, technical reports and empirical publications on 

the web. 

 

2.2.2 Literature review 

In order to accomplish better understanding and to create a rich scientific report, many publications 

are reviewed from the previously mentioned sources. A literature review and an examination of the 

research are carried out in particular fields of the study to achieve the research proposal. 

 

The literature review is defined by Hart (1998, p. 13) as the selection of available published and 

unpublished documents on the topic, which includes ideas, data, facts and evidence written from 

different particular points of view to fulfil specific aims, and to express certain sights or observations 

on the nature of the topic.  

 

The literature review should follow a sequential guiding process to achieve an end result, which 

consists of various steps to accomplish the aim of the review. The procedures of a literary review 

should be conducted in a specific order and should follow the process guidelines, which are reading, 

understanding, analysing, interpreting, evaluating then summarizing and writing (Hart 1998). 

 

The aim of conducting a review is to summarize relevant information about the topic of the research 

and then to present it in an efficient way for the reader. The thesis report is based on a variety of 

knowledge sources that have been applied to understand the subject and to formulate the right entry 

to a realistic proposal. All of the relevant sources have been significantly studied and analysed, to 

ensure that the final proposal has been achieved a unique and an efficient result. 

 

According to Hart (1998), a typical literature search should be carried out in four stages: 

 Background information and the topic area should primarily be mapped and then the search 

vocabulary should be used to collect the related work that associate the main topic. 

 Focus topics and literatures should be chosen carefully, classified into categories and then 

analysed. In addition, the information sources should be identified and chosen accurately. 

 Another detailed research should be performed to construct an initial literature. 

 A secondary evaluation of review journals, citation indexes and others trusted sources 

should be carried out to achieve the search endeavour.  
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2.2.3 Interviews 

Interviews are used in the thesis as one of the qualitative data collection techniques to carry out a 

systematic social inquiry with a specific form of conversation that may differ depending on the time, 

location, subject (Fontana & Frey, 1994). An interview is a rapid data collection that may associate 

with a rapid analysis and follow up actions (Marshall & Rossman 1999).  

 

In order to obtain well understanding and to create a follow up plan, many interviews are performed 

with many different departments in the company. In addition, several interviews are carried out by 

different departments at the supplier’s organizations in Sweden, while some of the interviews are 

carried out with another supplier that is located out of Sweden by using electronic mail. The 

interviews that are performed in this thesis are divided into two types, structured individual 

interviews and unstructured individual interviews.  

 

A structured interview is to ask pre-defined questions with a limited set of reply categories, where 

questions are prepared in advance (Fontana & Frey 1994). The interview method of research, 

typically, involves a face-to-face meeting in which the interviewee asks a series of questions 

depending on each other to facilitate facts and information gathering from simple questions to move 

slowly to more complicated questions, and as a result, the interviewee gives the information step by 

step without requesting this directly and even avoid interrupting the interviewer because the 

sequence of the answers will depend on a well prepared questions.  Some unstructured interviews 

are carried out as well, where the interview is not planned to be conducted, thus it is carried out 

spontaneously due to sudden action or new event. 

 

As previously mentioned, the  qualitative data research differs from the quantitative data research 

and most of the interviews in this research are based on qualitative data gathering because the 

quantitative data gathering in this case will make the interviewee go out of the subject, which will in 

its turn  waste the interview limited time. However, the qualitative data research is based on the way 

that the interview is structured, so the comeback from the interviewee explains and identifies events, 

patterns and forms of behaviour (Bryman & Bell 2007). It is important to mention that the 

qualitative and quantitative interviews are essential sources for gathering the empirical data, which is 

a complement to the academic data, so the interviews during this thesis have been a source of 

information that added a great educational value through the whole work. 

 

 

2.2.4 Benchmarking 

Benchmarking is a comparative process between two different performances in two different 

organizations that enables an organization to compare its performance with competitors’ processes 

in the same industrial branch. The purpose of benchmarking  is to determine what kind of 

improvement should be performed and where. It is also a tool to analyse how other similar 

organizations have accomplished their high performance level. Moreover, the competitor’s  different 

processes should be analysed and then evaluated in order to adapt a creative action to improve the 

organization performance (Jackson & Lund 2000).  

 

Jackson & Lund (2000) claim that benchmarking is a continuous process to evaluate the company’s 

method against another company and by using this tool, a product, service, approach, process or 

function can be compared between similar companies in the same field.  

 

Unfortunately, it is difficult to find companies interested in a benchmarking cooperation, but at least 

benchmarking is carried out with Volvo Powertrain in Köping. Nevertheless, the choice of Volvo 

Powertrain is perfect because Volvo Powertrain is a company within the Volvo Group that develops 

and supplies driveline components to all companies within AB. This means that the two companies 

are working in the same industrial branch.  

 

http://www.investorguide.com/definition/benchmarking.html
http://www.investorwords.com/9440/determine.html
http://www.businessdictionary.com/definition/performance.html
http://www.businessdictionary.com/definition/improve.html
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Figure 11: Benchmarking process done by Elassar (2013) and based on Jackson & Lund (2000). 

Moreover, Volvo Powertrain plant is close to GKN plant and the two plants have the same 

geographical character and even the similar building construction, which enabled a successful 

benchmarking. The benchmarking technique has provided the benchmark target that created a basis 

for the continuation of the work. The benchmark has been analysed later and studied furthermore in 

order to evaluate the efficiency of this benchmark and to identify the gaps in it. 

 

The flowchart below shows benchmarking consequences that depend on understanding both GKN 

and Volvo’s processes in order to perform a successful comparison and to apply a creative 

adaptation.  
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3. Theoretical framework 

 

This Chapter reviews the literature related to the thesis work and the theoretical 

background that has been applied to get the desired output. The philosophies, theories 

and tools are presented respectively in which order they have been applied. 
 

 

3.1 Lean  

Lean is a philosophy about how to manage resources to achieve business growth and success. The 

aim of Lean philosophy is to identify and eliminate all factors in a production system that do not 

create value for the last customer. 

“All we are doing is looking at the time line, from the moment the customer gives us an 
order to the point when we collect the cash. And we are reducing the time line by reducing 
the non-value adding wastes.” – Taiichi Ohno. 

 Lean manufacturing is all about eliminating waste and all that does not add value is waste. Lean 

strives for more value with less work. Moreover, Lean is a culture of continuous improvement that 

seriously considers customer input to do further development, which always is based on waste 

elimination. Lean techniques are the systematic identification and elimination of wastes, the 

implementation of continuous improvements. Lean thinking is a controlling solution to Muda, 

because of  the way of Lean thinking provides a technique to do more and more with less and less 

(Womack & Jones 2003). Less human effect, less equipment, less time, and less space, contributes 

directly to obtain customers' expectations. In addition, Lean strives for improving employees work 

environment in the organization and reacts on effects in order convert Muda to value instead of 

doing activities that consume resources and add no value (Womack & Jones 2003). 
 

It is noteworthy to mention that Lean principles focus on continuous improvement of resource 

productivity and production efficiency by continuous reduction of resource waste, such as materials, 

energy, water, space, and even the utilized equipment in the organization, while EPA (2013) argues 

that “Lean method fails to consider two types of environmental waste: the environmental risk of 

production processes and products and the life-cycle impacts of products or services.” 

 

 

3.2 Just-in-Time   

 According to Liker JIT is a set of principles and tools that facilitate the production and the delivery 

of products in smaller quantities and a shorter lead time, to accomplish customer satisfaction. 

Simply, JIT is about to deliver the right product at the right time in the right quantity. JIT can be 

basically described as a low budget for a high profit policy (Grady 1990). 

 

JIT is a productive strategy for a smooth, continuous and optimized production flow that controls the 

movement of materials to specific locations at the required time and exactly just when it is needed 

and in the amount that is needed for the manufacturing process (Drew et al., 2004). JIT philosophy 

presents ideas on how to control inventory and how to transfer materials to the production area just 

at the right time before exactly the intended time to use those materials, which reduces the need of 

storage and excessive levels of material in the inventory. For more simplicity, the philosophy of JIT 

is based on the idea that inventory is waste. JIT as one of the essential principles in Lean 

Manufacturing, consider everything does not add value to the process is waste according to Goddard 

(1986).  JIT is an approach that helps to reach excellence in industrial  manufacturing, which is 

based on continuous elimination of waste and regular improvement in productivity. The relationship 

between the three well known philosophies in production JIT, TPS and Lean is dating back to JIT 

development into Toyota Motor Company, which is, over the time, developed into the Toyota 

Production System (TPS), and then the TPS developed further more into LEAN. Therefore, they do 
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not differ from each other significantly. Indeed, JIT works directly with processing problems, while 

Lean is to eliminate the problems.  In short, Lean can be used to achieve JIT, and both philosophies 

are used to eliminate waste. 

 

 

3.2.1 Types of waste 

The three M’s, Mura Muri and Muda are Japanese term for, unevenness overburden and waste 

(Stewart 2011). Mostly, all organizations use Muda to eliminate wastes, while ignoring the other two 

M’s. The ignorance of  Muri and Mura may lead to the  Muda and generate more problems that 

accumulate in the long term. In brief, the three types of waste are described as follows: 

 

Mura 

Very uneven production is a result of the variation in customers’ demand, process time per product, 

or difference of cycle times for different operators and when it is difficult to have a smooth variation 

production, increases the possibility for Muri. In order to reduce Mura, it needs to create standards in 

the work process (Stewart 2011).  
 

 

Muri 

Any activity causing any unreasonable stress or effort for employees, material or equipment may 

generate a negative impact. If employees are overloaded, this affects their values and their work 

performance; then this may lead to negative consequences. Overloading of employees occurs when 

they get too many tasks that must be performed in a short time, which increases stress and affects 

their decisions. Even a machine could be affected because of overloading that leads to breakdown. 

To avoid Muri the work process should be standardized and the non-adding-value activities should 

be eliminated (Stewart 2011). 
 
 

 Muda 

According to Liker (2009), what does not add value is waste. Waste is defined in eight categories i.e. 

(7+1) types. The seven wastes were defined by TPS and later an eighth waste was defined by 

Womack et al. (2003). Those eight wastes have tools to eliminate the effect of each one and to 

improve the overall performance. Those types of waste do not exist only in manufacturing processes, 

but they can appear in all processes within a company for instance in management or in product 

development. The eight wastes are defined as follows (Wisc-online 2004): 

 

1. Overproduction 

Too much or too early production that exceeds customers demand. This is the worst waste 

because it causes the other wastes. Overproduction may be caused by many reasons such as, 

producing large patches, unreliable processes, uneven schedules or incorrect information 

about demand. Overproduction can be avoided by balancing between supply and demand. 

Simply, overproduction can be described as making more, earlier or faster than is required 

by the next process which is caused of unclear goals. 

 

2. Inventory 

Inventories are just waiting for further processing or consumption. Unnecessary inventory 

and the accumulation of goods before or after a process is an indication of lack of balance in 

work flow, which forces inventory to build up between processes. The inventory 

accumulation could be caused of large batch size, incapable processes, and long change over 

time or extra safety stocks. To get rid of this waste, it is necessary to produce and supply 

according to JIT philosophy. 
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3. Waiting 

Idle time occurs when some interdependent activities or processes are not completely 

synchronized. Operators may be kept waiting or working slowly while the machines are 

working. This waste is a result of a poor coordination between manpower and machines, 

long changeovers or rework. Waiting increases lead time, which is a waste that does not add 

any value to the process. The time of waiting should be utilized efficiently during 

production, so all queues can be avoided or minimized in order to protect customers and 

dealers from  long waiting periods.  

 

4. Motion 

Any motion of man, equipment or goods in the warehouse which do not add value to the 

final product is a waste of motion. Inefficient motion is caused by poor plant layout that 

increases walking distance, goods long transferring distance inside and outside the plant or 

reorientation of goods. Unnecessary process, inconsistency in work methods or poor 

workplace organization can also create unnecessary motion inside the plant.  

 

5. Transportation 

Material and goods transferring from place to another adds no value, neither to the product, 

nor to the process. Processes should be near to each other and materials flow smoothly 

between processes without any significant delays in between. The transportation waste can 

be caused because of the following reasons: 

 Poor plant layout 

 Large distances between different operations 

 Far out warehouse 

 Large patch sizes 

 Overproduction 

 Multiple storage locations 

 

6. Defects 

The wastes of correction and rework that may occur due to the unclear operating procedure 

require adjustments and repairs. Defects require repairs in different terms such as, 

renovation, demolition or replacement and those extra activities add no value to the product. 

Defects may be caused due to the skills shortage, incapable process/supplier, transportation 

or excessive stock. To avoid this type of waste, it needs to avoid scrap and rework. 

 

7. Over-processing 

This waste occurs when an unnecessary activity is added to the production process. For 

instance, when a process is wrong designed or when an extra process is done such as 

painting hidden parts and cleaning more than it needed. Work standardization and having 

clear quality standards are the best techniques to eliminate the over- processing waste. 

 

7+1. Creativity 

Unused employees' creativity and failure to involve the workforce in the development of 

their working environment is a waste. Many practical solutions can be gained by involving 

the workforce that contributes to build good sub-optimal performance.  As well as, the 

continuous development of skill levels supports effective problem solving. Untapped 

creativity is caused by inappropriate policies, incomplete measures or busy operators 

schedule. Many problems may be easily solved by involving workforce from the heart of the 

process, instead of seeking an experienced person from outside the company. 
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3.3 Value Stream Mapping     

VSM is one of Lean tools to design and analyse the flow of materials and information in a 

production process. VSM was created by Toyota's chief car manufacturing engineer Taiichi Ohno 

and it is used nowadays in many industries to identify the non-value-added activities in a process. 

Value Stream Mapping is actually an illustration of a whole process in a special type of flowchart 

that uses symbols known as the language of Lean. See figure 12. Those symbols illustrate the 

process flow of a specific product (Braglia et al. 2006; Keyte 2008; Krajewski et al. 2010). 

 

The purpose of VSM is to provide an optimal value for a process and to form a completed valued 

process with the lowest possible waste level. The visual map of  VSM describes how the work 

process functions and views the relation between material flow and information flow. VSM map is 

also used as a communication tool that gives an overview of the process and facilitates the creation 

of an action plan for eliminating waste, which in turn, will increase the organization profit and 

maintain value to the customer (Krajewski et al. 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

This unique one page map explains the current state for a product path, starting from the supplier 

and ending at the customer. VSM provides the following information (Krajewski et al. 2010): 

 

 Material and information flow  

 Work-in-process inventory 

 Cycle diagram including zones, time and temperature 

 Identify customer, demand and customer production schedule 

 Identify suppliers of raw materials 

 Raw materials ordering frequency, delivery periods and transport methods 

 Inventory condition: storage, size, location and consumption 

 Number of teams, shifts and operators  

 Shows cycle time and availability 

 Production planning system, including meetings and documents  

 

It is important to build a map of a process to establish a view of the current information and material 

flow, especially when work processes vary continually and the information flow changes once 

Figure 12: Value Stream Mapping  (Elassar  2013).   
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orders change. The overall view shows the process from supplier to the warehouse and from 

warehouse to the work units as well. When the material, information and component requirements 

have been understood, successful future opportunities will be accomplished (Krajewski et al. 2010). 

 

3.4 Risk management 

 Risk management is a process of identification, analysis and prioritization of potential risks then 

acceptance or mitigation of those risks in the organization. Essentially, risks occur anytime for 

different reasons, according to Covello et.al (1993, p. 2) “Risk is a characteristic of a situation or 

action wherein two or more outcomes are possible, the particular outcome that will occur is 

unknown, and at least one of the possibilities is undesired.” 

 

Rapid changes in the work environment can cause different risks, Cucchiella & Gastali (2006) 

classify risks into internal- and external risks. Internal risks relate to internal vulnerability of the 

organization, and joined directly to internal factors in the organization. Internal risks may occur due 

to some activities, use of some equipments and other sudden hazards, while external risks are those 

risks that cannot be controlled by the company, e.g. supplier, competitor, environment, price 

fluctuations, quality and politics (Cucchiella & Gastali 2006, p.703).  

 

3.4.1 Risk assessment   

Risk assessment is “a systematic process for describing and quantifying the risks associated with 

hazardous substances, processes, action or events” (Covello et.al 1993, p.3). Risk assessment 

evaluates the possibility of hazard's occurrence and its possible adverse consequences on health or 

on the environment. Even the possibility and the uncertainty over the occurrence, magnitude or 

timing of those consequences are considerable in risk assessment (Covello et.al 1993).  According to 

Cucchiella & Gastali (2006), internal- and external risks depends on various internal and external 

factors in the organization or in the outside supply chain.  Internal and external hazards that could 

affect the safety of a facility should be identified and treated as events that can give rise to possible 

mitigating of risks according to legislation 1999:381. See Section 3.4.2 on a legal demand for 

controlling of hazards in organizations. The risk assessment should also be performed to avoid 

eventual damages in the facility and to avoid extra costs as well. There is a need for a systematic 

understanding of the risks in a facility, which follows with an assessment of how to control those 

risks. Risk assessment requires a process of identifying, assessing and mitigating those risks. More 

specifically, threats and hazards have to be defined by giving a detailed look at hazard evaluation in 

order to control risk vulnerabilities and then to implement risk reduction measures (Braithwaite 

2003). Jüttner et al. (2003) define four critical aspects in risk assessment, which are assessing the 

risk sources, identifying the risk drivers, tracking the risk drivers in the strategy, and then mitigating 

risks. Risk analysis requires time, money and effort. It requires hard effort in the initial 

brainstorming and then constant updating, but a well done risk analysis can save time and money 

since the effect of internal hazards has been minimized or avoided. In order to analyse a risk, it is 

important to consider the combination of the hazard source and the incident that contribute in raising 

the consequence and even to consider the combination of probability and consequence (Braithwaite 

2003; Jüttner et al 2003).  

 

Risk analysis might be qualitative or quantitative. A qualitative risk analysis estimates the risks in an 

organization in order to assess different risks. This estimation has to be based on intuition, 

knowledge and experience. In addition, a qualitative analysis categorizes risks according to the 

seriousness of the hazard's occurrence and the grade of its sensitivity, while a quantitative risk 

analysis is a process that assigns numbers to costs of protection and damage. This means that a 

quantitative risk analysis is an exploration of losses cost and a probability of an event occurring that 

could be sometimes unreliable.  It is important to do a quantitative risk analysis in order to use the 

output of the risk analysis to enable rational judgments of severity. The evaluation of most risks 

needs a systematic identification of major hazards that may arise as a following to in normal or 
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Identify hazards 

Identify the exposures.  Who and 
what could be harmed and how? 

Evaluate the risks arising.  Decide 
whether existing precautions are 
adequate or if more should be done 

Record the findings 

Review the assessment regularly 
and revise if necessary 

abnormal events. In normal events that affect human health, can be wrong ergonomics aspects, 

hazardous material, smoke or exposure to liquids, while the in normal events that affect environment 

can be CO2 emissions, waste, pollution, etc. (Jüttner et al 2003). Abnormal events are accidents or 

incidents that may affect human health, such as traffic, cutting, squeezing, falling etc. and the 

abnormal events that affect the environment are spilling hazardous, uncontrolled fires and emissions. 

Those normally and abnormally hazardous have a negative impact on human health and safety in a 

form of infection, allergy , cancer, poisoning, physical injuries, diseases, death, local environmental 

damage, large costs of remediation, etc. Protective actions and measurements must be taken to avoid 

and mitigate those hazards, or even to eliminate its impact on human and environment in a form of 

personal protection equipment, substitution of hazardous material, correct work instructions and risk 

analysis (Smurfit Kappa Group 2013). A well done risk analysis should be conducted with an 

excellent knowledge about the facility in order to accomplish a successful action plan, safety reports, 

prevention plans and protective thinking. 
 

3.4.1.2 Fire safety 
There are many rules and principles to protect facilities and their work environments from fires and 

its effects in work places. Those rules focus on fire detection, suppression and mitigation which 

focus on human behaviour and maintaining a safe environment. Industrial facilities contain various 

sources of ignition such as, hot surfaces of pipelines or vessels, electrical equipment, welding 

activities and static electricity. Those sources may be a reason for ignition or explosion. Almost the 

majority of facilities are full of physical properties that contribute to generate a fire or increase an 

existing fire. Some fires increase depends on different cofactors that cause different type of ignition 

such as pool fires, jet fires, flash fires, etc. (HSE 2013). 

 

Pool fires will be described furthermore because it is the most serious hazard regarding using IBCs 

in production. As described in Section 1.3, IBCs can release their contents rapidly and cause an oil 

pool which turns fast to flames if a fire occurs. Pool fires arise if a liquid accumulates as a pool on 

the plant floor where the liquid might be flammable or explosive which will result in a fire spread 

that covers the whole oil pool. Additionally, the flowing- and flammable property of oil, contributes 

to a rapid fire spread and flow at the same time as the liquid flows in the factory floor. According to 

information that were gathered from some interviews in GKN, sprinkle system is a not  helpful 

solution in this case because oil and water will not mix together instead oil will flow over the water 

which will contribute negatively to more spread of the oil and fire increase, as well.  

 

3.4.1.2 Methods for risk analysis 

Risk assessment is a systematic evaluation and analysing of 

work activities. The choice of the risk analysis method 

might differ depending on the purpose of analysis and even 

the analysis tools should be chosen regarding the task 

whether it is quality, environment or work environment 

(Covello et.al 1993). The flowchart in figure 13 shows a 

typical risk analysis consist of five steps to assess risks. 

Risk analysis methods can be divided into two different 

categories, qualitative and quantitative analysis. The 

qualitative risk analysis is a scenario-based analysis that 

categorizes and determines risk areas that have the most 

uncertainty and vulnerability, while the quantitative risk 

analysis attempts to assign independently objective 

measured values to the components of the risk assessment 

and to the assessment of the possible failure (Tan 2002). 

There are large numbers of different methods for risk 

analysis and many of these are industry specific. Sections 

3.4.3 and 3.4.4 present the most common risk analysis 

tools.  
Figure 13: Risk analysis flowchart                                 

                   (Scottis 2012). 

http://en.wikipedia.org/wiki/Fire
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3.4.2 Legal demands 

Several authorities in Sweden require risk assessment in different context and put a number of laws 

and regulations that should be applied only within industries that deal with dangerous chemicals.  

 Law 1999:381 on prevention and control of major chemical accidents 

 Law 1999:382 on prevention and mitigation of serious chemical accidents 

 Law 2010:1011 on dealing with flammable and explosive products  

 MSB regulations (SRVFS 1999:5) on measures to prevent of major chemical accidents 

 AFS  regulations (AFS 1999:5) on the prevention of serious chemical accidents 

 

The purpose of the risk assessment: 

 Permitting of industrial activities  

 Assessment of safety needs and planning of initiatives 

 Investigation of incidents, accidents and hazards 

In 1999 a number of  legislations and regulations of laws was incorporated, that require measures to 

prevent and limit the consequences of major chemical accidents (SFS 1999:381) and requires  

measures for prevention and mitigation of major chemical accidents (SFS 1999:382). The law 

(1999:381) and (1999:382) cover chemical accidents that involve one or more dangerous substances, 

as emission, fire or explosion, caused by an uncontrolled development  of an activity and leads to 

serious, immediate or delayed hazard to human health, inside or outside the plant, or to the 

environment (SFS 1999:381, 2§) . According to the Swedish parliament, the aim of (1999:381) law 

is to prevent major chemical accidents; prevent and limit injury to people and damage to the 

environment, while the law (1999:382) requires provisions for enforcement of the law (1999:381) on 

measures for the prevention and mitigation of major chemical accidents. 

 

A qualitative and quantitative analysis about the hazards in the plant and a description of the work 

environment should be presented (SFS 1999:381, 7§). Furthermore, the government has 

incorporated regulations that for dangerous activities to provide a safety report (SFS1999:381, 10§). 

The safety report must be renewed every five years or earlier if there are special reasons (SFS 

1999:381, 11 §) and it should contain: 

1. Information on the management system and the organization is designed to prevent major 

chemical accidents 

2. Description of the business environment 

3. Description of the plant and the hazardous substances present or may occur there 

4. Identification and analysis of risks of accidents 

5. Information on preventive measures to prevent and measures to limit the consequences of a major 

chemical accident 

 

The law on protection against accidents requires that the property owner and the operator work 

systematically with its fire protection. The systematic fire protection can be seen as an important part 

of achieving safe and protected work environment. The operator should prevent the risks of serious 

chemical accidents and in the case of a serious accident has occurred; the operator’s responsibility is 

to limit the impact on human health and the environment (SFS 1999:381, 6§). The law requires also 

drawing up an action plan for prevention of serious chemical accidents (SFS 1999:381, 8 §). 

 

In addition, the law requires taking into account other environmental factors that may affect safety 

and the proximity to other dangerous activities or circumstances must be addressed (SFS 1999:381, 

13 §). 

The law (2010:1011) on handling with flammable and explosive products requires measurements for 

fire and explosion risk and consequences of a fire or an explosion. This law aims to prevent and 

limit accidents and damage to life, health, environment or even properties which may arise from fire 

or explosion caused by flammable goods. According to the law (2010:1011, 7 §), it is required to do 

investigations to ensure and provide information about the risks of accidents and incidents which 

may be caused by fire or explosion and the consequences of such accidents. 
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3.4.3 Ishikawa diagram  

Ishikawa diagram also called Fishbone diagram or cause-and-effect diagram and is created by Kaoru 

Ishikawa. It is a causal diagram that shows the causes of a specific event in order to indicate quality 

defect prevention and to identify potential factors causing an overall effect (Bauer 2008). Ishikawa 

diagram shows the causes of a specific event. The name Fishbone diagram comes from the 

appearance of the graph, hence the main problem is symbolized by a fish head, the bone structure 

represents potential problems and the ribs represent the problem causes as the figure below shows. 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ishikawa diagram is used to identify possible causes of a problem, especially when a team tends to 

investigate the roots of a specific problem (Krajewski et al. 2010, p.165). The Fishbone diagram 

identifies various possible causes for an effect or problem. This type of diagram is very useful 

because the ideas sort into different categories which can be used later to structure brainstorming 

gathering or to use it as input to perform FMEA. 

 

Simply, the basic idea of Ishikawa diagram is that thinking about possible causes and reasons leads 

to find the reason of the problem and then find preventive solutions for those problems. 

 

Causes in the diagram are considered as sources for different problems. The causes are usually 

categorized into six major categories. The categories usually include (ASQ 2013). 

1. Manpower or any people involved in the process 

2. Equipment, machines and any physical tools in a facility 

3. Procedures,  policies, regulations and laws 

4. Materials, such as raw material and components used in production 

5. Methods and measurement for quality evaluation 

6. Other aspects, such as environment, time, temperature and location 

 

Figure 14: Ishikawa diagram based on Krajewski et al.( 2010),  (Elassar 2013). 

Methods 

      New process 
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http://www.citeulike.org/group/4123/author/Bauer:K
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3.4.4 Failure mode and effects analysis  

FMEA is widely used as a systematic tool for defining, identifying and eliminating known or 

unknown failures in a process. The failures in a process that can be analysed by applying FMEA 

could be uncertainty, problems, defects, mistakes, hazards or errors. FMEA is used for the reliability 

analysis to decide the relationship between possible failure modes of a design, service or a process 

and what may cause those failures and even the consequences of those failures. FMEA allows the 

identification of the process area that has the most negative impact and defines the process most 

likely to fail and also detects the hidden errors in a process (Ullman 2010; Zackrisson et.al 2004). 

 

The purpose of FMEA is to create a focus on a process and to understand the impact of potential 

process risks in order to facilitate the process improvement, identify, reduce then eliminate risks in 

the early stages of a project. See figure 15.  FMEA also improves internal and external customer 

satisfaction because it focuses on prevention from the failure (Zackrisson et.al 2004). 

 

 

 

 

 

 

 

 

 

 

 

FMEA can be performed early in a project or when a new product or process is designed, This type 

of analysis is effective to improve an existing design or process. It is also very useful when carry-

over designs are used in new applications (Ullman 2010). FMEA is a group activity that performs 

effectively by an experienced cross functional team that is familiar with the process. 

 

FMEA advantages are that it provides the ability of detection of potential risks and facilitates the 

identification of the consequences of those risks. This method attracts the designer / process 

engineer to systematically investigate new solutions and even to search and compare between 

alternative solutions (Ullman 2010). It is also a useful tool to indicate and avoid past mistakes that 

might create future mistakes which leads to avoid high costs. The most important benefit of this tool 

is that FMEA points out failure areas and it is a living document that supports planning, testing and 

maintenance. 

 

How does FMEA work? 
FMEA is used to rate the relative risks to each other by using a Risk Priority Number (RPN), so the 

risks, failure modes and their effects are calculated for each others. RPN is a measure used when 

assessing risks to identify potential failure modes associated with a project/design (Zackrisson et.al 

2004). The RPN values risk areas by a converted quantifiable number with a range from 1 to 1000.  

1 is the best and 1000 is the worst RPN rate. The RPN number is a function result of three factors: 

 The Severity of the effect 

 The frequency of occurrence of the cause of the failure 

 The ability to detect the failure or the effects the failure 

 

 
 

 

The general rule to select the top priority (FMEA-FMECA 2006). 

 

 1. Failure mode has an effect resulting in a severity 9 or 10 will got top risk priority 

2. Severity is selected as the most weight 

3. Severity and occurrence (S X O) combination  

 

RPN =  Severity ranking X  Occurrence ranking X Detection ranking  

         = S X O X D 
  

Figure 15: Flowchart for FMEA goal. 

Avoid errors 

Identify                   Reduce                 Eliminate 
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According to Zackrisson et.al (2004), after risks identifying and hazards prioritizing, an action plan 

should be developed to mitigate risks that got unacceptable RPNs. This action plan provides a basis 

for future corrective and sequential strategies. 

 

FMEA should always be conducted by a team that includes four to six carefully selected members. 

The teamwork is based on contribution and interaction between different experienced members.  The 

FMEA group is typically from manufacturing, engineering, maintenance, quality and suppliers and 

they represent a cross-section of the organization from each responsibility or department. The team 

should have a leader to organize the meetings and to facilitate the work progress to accomplish the 

team goal. Each member should not have an extensive knowledge of the process, sometimes it is 

more effective to have outsider perspectives (FMEA-FMECA 2006; Zackrisson et.al 2004). 

 

 

Types of FMEA  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

There are several types of FMEAs, some of them are more common and used more than others. See 

figure 16. FMEA should always be performed at any time in any process that may generate risks that 

may lead to increased negative consequences.  

 

The most common FMEAs are represented in the list below (Stamatis 2003). 

 

 Concept  FMEA (CFMEA) 

CFMEA is used to analyse concepts in early development phases before product 

presentation and it works as an interaction of different systems in those different phases of 

the development process. CFMEA focuses on potential failure modes associated with the 

function of a new concept. 

 

 Design FMEA (DFMEA) 
DFMEA focuses on components and subsystems to analyse products before they are 

released to production by investigating the potential failure modes of products caused by 

design inaccuracy. 

 

 Process FMEA (PFMEA)  

PFMEA focuses on manufacturing and assembly processes. It is normally used to analyse 

risks in facilities and it consists of subsystem or component levels. 
 

There are also other types of FMEA, such as system FMEA, service FMEA and software FMEA. 

Figure 16: FMEA types (FMEA-FMECA 2006) 
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4. Empirical Results 

 

This Chapter presents data and information that have been gathered through interviews, 

benchmarking and observation. First of all, the Chapter addresses different available 

modes of oil storage and transportation used in manufacturing industry nowadays, then 

it includes a presentation of the factors that have to be considered regarding oil storage 

and transportation. And finally, the Chapter addresses the current situation in GKN 

plant. 
 

4.1 Oil storage and transportation modes  

Oil packaging is an important issue in the industry and  it is just as important as the oils themselves. 

There are numerous different types of transmission oil and cutting fluid which often require different 

means of packaging. Packaging these liquids protects goods and facilitates the transportation of oil 

from the supplier to the factory. Some oil packaging or transportation modes may produce 

contamination, which can lead to product failure, and may cause different risks in the work 

environment. The following Sections address and describe in detail the most common modes for oil 

storage and transportation. 

 

4.1.1 Oil barrels 

A barrel or a drum is a cylindrical container used for the transportation and storage of liquids. A 

barrel is used as a unit to measure the amount of oil and its estimated capacity is 159 litres. The 

barrels are made of steel or plastic as the figures below show. Both plastic and metal barrels can 

perform well in the normal usage and storage conditions (Wikipedia 2013).  

 
Metal barrels should be carefully handled to prevent them from damage, 

puncture or burst. To avoid oil contamination, metal barrels should be 

immediately moved into their storage areas and kept sealed before use.  

Storage places should be dry to avoid barrels rusting. Metal barrels should 

even be stored in a suitable temperature, since temperature changing may 

lead to expansion and contraction of the metal. 

The typical construction of a metal barrel contributes to the accumulation of 

the most common contaminants, water and dirt. The upper edges increase 

dust gathering, while the bends at the top and at the bottom of metal barrels 

make barrels difficult to empty all the oil inside, especially the accumulated 

oil in the bottom (SEFA 2013). 

 

 

Plastic barrels are another alternative that are usually manufactured as a 

standard in blue colour with a tight black lock that ensures easy and fast 

opening. Plastic barrels have smooth surfaces that enable efficient 

cleaning. This type of barrels is easy to transport due to its low weight 

compared to the metal barrels Plastic barrels also more resistant to wear 

while metal barrels get a lot of scratches and dents. Plastic barrels break 

more easily in extreme cold weather, while metal ones are affected quickly 

when exposed to extreme humidity (Yash Synthetics 2013). 

  

Figure 17: Metal barrel 

(Domain- b 2013). 

 

Figure 18: Plastic barrel 

(Biztrumpet 2013). 

 

http://en.wikipedia.org/wiki/Steel
http://en.wikipedia.org/wiki/Plastic
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4.1.2 Intermediate bulk container  

IBCs are containers used for transport and storage of liquids and they are made in different 

constructions and from different materials depending on the application they will be used for. There 

are different available types in the market, such as plastic composite IBC container, steel IBC 

container and bag-in-box. IBCs transportation costs are low compared with other traditional 

transportation types.  

 

 

 

Plastic composite IBC Container 

 

 

Plastic composite IBCs are the most common type that are  

used for liquid transport and storage. See figure 19. A 

plastic composite IBC consists of a plastic container with 

a wire tubular steel frame. The plastic part is made of 

polyethylene that gives a good resistance to UV which 

makes this type of containers suitable for outdoor storage; 

while the solid frame gives an additional transport 

security. IBCs are steady and stable during storage and 

transportation because of the cubic shape and the ballet-

like base that make IBCs easy to lift and move by forklift 

trucks. Plastic composite containers are easy to fill and 

empty from liquids because they have a drain tap 

(Amphorae 2013). 

 

 

 

IBCs are effective for space saving and low cost transportation. They are available in different 

capacities, but the vast majority has a capacity of around 1000 litres.  GKN plant utilizes IBCs in 

two different capacities 950 and 1000 litres. 

 

Figure 20 shows an exploded view that shows the 

components of an IBC. As mentioned, IBCs consist of a 

bottom stable plate formed as a pallet and four protective 

plastic edges to provide more stability. The inner plastic 

container has rounded edges that reduce the residual 

liquids inside the inner container. A drain butterfly valve 

is fitted below in the front side to simplify discharging of 

the inner contents. An upper screwable lock that 

facilitates filling and washing of IBCs.  

 

There are many advantages of this type of containers 

such as low costs, portability and ease of transportation. 

Their cubic form takes less space in storage comparing to 

cylindrical shape containers. Composite IBCs can be 

filled and discharged easily with a variety of systems. 

 

IBCs have certain vulnerabilities regarding the ignition 

ability because the rigid plastic fails easily when exposed 

to a fire. The IBCs are even vulnerable to collisions, and 

their puncture ability against sharp edges is another 

important factor that affects IBCs performance in 

industrial manufacturing (Accon 2013; Amphorae 2013).

Figure 19: Plastic composite IBC 

(Amphorae 2013). 

 

Figure 20: Plastic composite IBC components 

(Accon 2013). 
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Steel IBC container 

 

Steel IBCs consist of a cylindrical frame and they are completely enclosed as figure 21 shows. Steel 

IBCs used to store and transport liquids. IBCs have a volume range that is situated between drums 

and tanks and it is around 500 to 3000 litres. The cubic shape 

gives the best utilization of storage capacity. In addition, steel 

IBCs are easy to clean, recyclable and residue-free with no 

diffusing ability because the metal doesn’t build any chemical 

reactions with products stored in it. And even as other types 

of IBC containers, the steel IBC construction provide an 

easier and faster filling cycles. 

 

The metallic construction makes this kind of IBCs heavy to 

transport compared to plastic composite IBC containers. Steel 

IBCs are also vulnerable to collision,  so the metallic 

construction may deform or even puncture. If a forklift truck 

collides with an IBC container, the IBC will damage because 

of the forklift truck sharp edges that may make a hole in the 

IBC and the liquid will be released rapidly.  

 

 

 

Bag-in-Box 
 

 
Bag in box is a reusable transport system for liquids with an 

exchangeable inner bag, stackable and collapsible outer box. See figure 

22.  Bag-in-box can be folded down into a compact profile when they 

are empty which reduces their height in transportation and storage.  Bag-

in-box IBCs take optimal space utilization in the warehouse because 

they can stack vertically,  see figure 23.  They are considered as the best 

way to save oil from contamination because of the bag’s non decaying- 

and non corrosion ability. The bags inside are safe from dust 

accumulation when they are not in use compared to plastic and metal 

IBCs because dust and other contaminants from the surrounding 

environment may accumulate inside plastic composite and metal IBCs 

before filling with oil which could not occur in bag-in-box. Bag- in-box 

has also a considerable cost advantage in comparison to other 

conventional storage systems due to the collapsible construction, the 

changeable bags and non contamination ability. Bag-in-box is vulnerable 

to ignition as plastic composite IBC, so the plastic material fails during 

fire and releases its contents and the plastic bag may be cut due to 

collisions and when exposed to sharp tools.  

Figure 22: Bag-in-Box (Auer-shop 2013). 

Figure 23: Stacked empty 

Bag in Box (TPS 2013). 

Figure 21: Steel IBC Container,     

                  (TD 2013). 
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4.1.3 Tank trucks for oil transportation 

A tank truck is a motor vehicle with more than four wheels designed and constructed for 

transporting of liquefied loads in many different variants. Tank trucks are generally large and 

designed for single or multiple loads. A tank truck has usually a cylindrical tank upon the vehicle 

lying horizontally with a capacity for large trucks ranging from 21,000 to 44,000 litres (Wikipedia 

2013). Moreover, transportation by using tank trucks is an easy and fast process of transferring and 

supplying loose goods in large quantities, and it is more common in oil deliveries, especially in 

industrial manufacturing where oil transports from the supplier’s warehouse and ends in the factory,  

then flows directly to the production line.  

 

 

According to Birgitta Hedlund, during the benchmarking visit to Volvo Powertrain on 12 April 

2013, the process of discharging oil in the plant’s storage tanks is simple and quick due to the 

smooth filling system, where the oil directly fills in the storage tanks and then smoothly flows 

through pipes connected to the production area inside the factory. This filling system reduces 

packaging, storage, labour and transportation costs and also provides a quick and smooth 

discharging process. In addition to the lower costs, the speed of discharging and the efficient 

exploitation of loading weights, provides a clean and pure cargo and minimizes the risk of oil 

contamination. This transportation mode has also some disadvantages such as traffic- and congestion 

increase, and even fuel consumption increase which increases the environmental pollution (EPA 

1977). 

 

 

4.1.4 Pipeline transportation 

 

 Pipeline transport is the most efficient transportation of liquids and gases and the cheapest mode for 

large quantities, but on the other hand it is the most expensive transportation mode to implement. 

Pipelines enable door to door delivery and facilitate the continuous movement of liquids and even 

protect liquids from different weather changes or any sort of contamination. There are four basic 

types of pipelines in both oil- and gas industries, which are flow lines, gathering lines, crude trunk 

pipelines and petroleum product trunk pipelines (Wikipedia 2013). 

 

It is noteworthy to point out that transporting oil by pipelines has many advantages, such as lower 

maintenance costs, continuous oil flow, underground placed, do not require additional place and can 

reach any place in any distance. Simply, pipelines are the cheapest transportation mode for large 

quantities over long distance that guarantees less loss and no damage performance (Amarantest 

2013).  

 

Figure 24: Filling oil by using a tank truck (TYA 2013) . 
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4.2 Determinant factors for oil storage and transportation 

According to the continuous investigations, interviewing and information gathering, transmission oil 

must be stored and transported in specific conditions, and this requires taking into account some 

important aspects, as shown in figure 25. 

For instance, fire safety is the most 

important factor that should be considered 

when choosing a suitable alternative to 

the current packaging at GKN. The other 

factors are also important because of their 

different effects and due to other reasons. 

For example, oil quality and purity are 

two important factors for a successful 

productivity, since transmission oil is an 

integrated content of PTU and RDU 

gears, so the oil quality will affect the last 

product quality. See the next Section 4.3 

for more description of the benefit and the 

usage of transmission oil in the gear 

industry. Furthermore, temperature is an 

important aspect that should be 

considered carefully, because low oil 

temperatures may cause delay in production, since the oil temperature needs to be stabilized again to 

room temperature in order to let oil additives dissolve again. For more information about the 

consequences of exposing oil to low temperatures, see Section 1.3. The presented solution has to 

take into account inventory accumulation and storage space capacity which should be minimized. 

Furthermore, costs are always a crucial issue that controls the choice of the transporting and 

different packaging modes. A lot of consideration is given nowadays to the environment and the 

work environment, which controlled by many restrictive legalization and regulations to secure man 

and environment safety. Legalization and regulations that control the environment- and the work 

environment safety are described in Section 3.4.2 about legal demands. Those previous factors have 

to be considered and the decision of which oil packaging and transportation mode is going to be 

implemented and used by GKN as an alternative to IBCs is depending on those previous factors. 

 

4.3 Current situation  

Both transmission oils and cutting fluids are sensitive oils that should be stored and transported 

under certain conditions to protect the oil from damage. Each gear usually fills with about 0,7 litre 

transmission oil. The filled oil protects the gear from high pressure and high temperature and the 

added additives assist to minimize noise and vibration that occasionally may develop in axles. GKN 

uses both cutting fluid and transmission oil in the manufacturing of automotive gears, Bakaxeloja, 

BOT 118/95 Plus, Syntrax Long life and Omega 670 are types of oil that used in manufacturing at 

GKN plant. Those oils deliver to GKN plant from three different suppliers, Castrol, Statoil and 

OKQ8.  

The table below shows the most consumed oils in production at GKN in 2012 including the 

supplying company for each oil type. The IBC container capacity differs from supplier to another 

and it is about 950 to 1000 litres. 

Oil name Article number Consumption Volume of 
IBC 

Supplier 

LSC Transmission Fluid 301 8715300 212000 litre 1000 litre Statoil 
Bot 118/95 Plus 8712452 125400 litre 950  litre Castrol 
Castrol Syntrax long life 75W-90   7530112800 125400 litre 950  litre Castrol 
Bakaxelolja 97314-80 (EL-3779) 8708313 182000 litre 1000 litre OKQ8 

Table1: The most consumed oils in production in 2012 (GKN 2013). 

Figure 25: The most important factors for oil storage 

                   & transportation. 
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The following Sections (4.3.1), (4.3.2) and (4.3.3) present the material flow, i.e. oil packed in IBC 

from the supplier to the last point, where the oil fills in gear component in the plant. First, Section 

4.3.1 presents the oil flow in the supplier’s organization, then Section 4.3.2 describes the process 

from unloading to storing in GKN’s warehouse and finally Section 4.3.3 presents IBCs movement 

inside GKN plant. The presented data in those Sections are gathered by both interviews and 

observation.  

 

4.3.1 Supplier 

GKN Driveline receives transmission oils from three different suppliers, which are Statoil, Castrol 

and OKQ8.  The flowchart below shows the suppliers’ process in general terms that include different 

stages in their supply process.  

 

 

Usually suppliers get the delivery schedule from GKN for about 4-5 weeks forward. The order 

department manages and controls the order and after this, the planning department manages oil 

production and prepares the cargo according to the scheduled plan. Then the delivery department 

arranges the shipment transportation from Nynäshamn harbour.  In the harbour stores, the cargo in 

warm tents to keep oil temperature stable, especially in winter. Oil delivers to GKN, packed in IBCs 

and transported in heated trucks to protect the oil from damage and temperature changes. This 

transportation process usually takes maximum ten to twelve days. 

 

4.3.2 Warehouse     
  

The flowchart below presents the areas and stages that IBCs go through after arriving to GKN plant. 

The trucks arrive and unload the oil containers at the GKN’s unloading area as figure 28 in the next 

page shows. Later on, the oil containers are transferred by forklift trucks to the external warehouse. 

The external warehouse is not heated and the temperature inside can be lower than the outside 

temperature in winter, thus it is equipped with a heated storage cabinet for IBCs storage and 

protection from temperature changes. This cabinet capacity is not big enough to store all the IBCs in 

the external warehouse, therefore they store only IBCs that contain sensitive oils to protect them 

from total damage in cold weather, while other types of oil suffer also in winter and their properties 

change due to temperature change, so their additives fallout or form layers.  

 

Usually, the IBCs are stored in the external warehouse, sorted out and marked with stickers of 

barcodes to show the article number and the date of arriving.  And when it is  time to use oil in 

manufacturing, IBCs are transferred by forklift trucks to another area to wash them before being 

Figure 27: Flowchart shows areas where IBCs transfers when they delivered. 

 

Figure 26: Flowchart for the oil delivery in the supplier’s organization. 
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used in production. This cleaning procedure is important before opening the sealed cover to ensure 

that the containers are clean enough and free from different contaminants that have been 

accumulated during transportation and storage. The time that is usually consumed for washing an 

IBC is about ten minutes and after the IBC is being washed and dried, it is  transferred again to the 

factory and stored in the internal warm warehouse. In winter, when it is cold, IBCs have to be stored 

for longer time on the racks in the internal warehouse in order to adjust the oil temperature to room 

temperature, which means that oil containers are exposed to temperature change twice: 

 

1. When IBCs are stored in the external warehouse 

IBCs usually are transported to the plant in heated trucks which keeps the transported oil in 

a good condition, and then the IBCs are stored in the cold external warehouse that exposes 

the oil to very low temperatures in winter. 

2. When  IBCs are stored in the internal warehouse 

The IBCs usually are transferred to the warm internal warehouse inside the plant, in order 

to prepare the containers for production and to stabilize the oil temperature to room 

temperature.  

 

4.3.3 GKN Plant 

The figure below illustrates the process that was described in the previous Sections about IBC 

containers movements from trucks arrival at the GKN factory to IBC containers unloading,  

transferring, washing and storing. The unloading area contains a drainage well system and any 

leakage from any IBC container, will make the oil easily flow into the drainage system because of 

the sloped ground that tends downward to the drainage system. The next step as mentioned before in 

Section 4.3.2, is transferring of IBCs by forklift trucks to the cold warehouse where oil is exposed to 

temperature changing, i.e. low temperature causes oil additive separation. Then when more oil is 

needed in manufacturing, oil containers are transferred again to the washing point to clean them 

from the accumulated contaminants during transport or storage, then they are transferred by forklift 

trucks to the internal warm warehouse and finally to the appropriate production line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 28: The plant layout and IBCs movement illustration (GKN 2013), edited by Elassar (2013). 
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The plant layout shows the traffic movement, both outside and inside the factory. Firstly, the outside 

movement is marked with numbers 1,2 and 3 in the layout, where forklift trucks are usually moving 

between the unloading point and the external warehouse to transfer IBC containers, then to the 

washing point.  The numbers 4 and 5 in the figure show the usual forklift truck movements inside 

the factory to transfer the containers to the warm internal warehouse. In the warm warehouse, the oil 

containers are usually stored for a period of time in order to stabilize the oil temperature and warm it 

up to room temperature. Then finally, when the oil is warmed up and the oil is needed in production, 

each container is transferred to the appropriate production line. 

 

Production lines in the plant 

GKN Driveline in Köping has nine production lines that use Lean manufacturing tool ”one-piece 

flow” as a production system. Each production line consists of a set of sequential operations to 

manipulate and process parts, such as gear box, pinion, bearing etc. Those components pass through 

several operations such as calibration, measuring, pressing and assembly to produce the end-product 

which can be different types of PTU or RDU. Two different production lines have been studied in 

detail in this thesis. The first production line is called R-60 that produces three similar products and 

uses only one type of oil, while the second production line is called “76” and produces nine products 

and uses two types of transmission oils. 

 

R-60 production line 

The figure below shows the production flow in line R-60 which is assembling PTU for BMW mini 

cooper. The manufacturing process includes 22 operations that take one hour to produce 14 units. 

The machine's effective time is 15 hours/day and four workers operate this production line.  “Syntax 

long life” is the transmission oil that is used in this production line. Every gear, it is filled with 0,7 

litre Syntrax oil. Syntrax oil is usually delivered from the supplier in a 900 litre IBC container, 

which is enough to fill about 1000 gears. Two days before the oil is required in production, and 

before the IBC is totally finished, a new IBC is transferred from the warm warehouse and placed on 

the factory floor near to the one which is utilized in production as the figure below shows.  

 

 

 

 

This is the last step in detecting oil movement which begins from the supplier organization and ends 

with the production line where oil fills in the product and becomes an integrated part of the product.   

 

Robot 

cell 

Figure 29: Production line R-60 layout (GKN 2013) and edited by Elassar (2013). 
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The flowchart below shows the production stations marked with the operation numbers according to 

the production sequence in line R-60 which consists of 22 operations. The production begins at a 

station named operation 10 and ends at operation 200 with a standard Takt time for all operations 

that takes 180,0s. Operation 180, marked with red in the figure, is an automatic station to fill oil in 

the gear components by a robot, where the robot requires 72 s to fill the transmission oil in each 

gear. The filling time is unchangeable and the operation is programmed to be done by the robot at a 

fixed time. Even the changing of the empty IBC by a full one, does not affect the filling operation 

because the assembly line is supported with an intermediate tank with a capacity of 100 litres. This 

tank can cover the production of about 140 items and it takes about 10 hours to empty the middle 

tank while replacing the empty IBC container with a full one, it takes about 5 minutes. This means 

that the risk of oil shortage during changing IBCs is not considerable in this case.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

As mentioned before, through observation has found that the new full IBC is usually transferred and 

placed near to the almost empty one in order to prepare it for use when it is needed. Usually, the full 

IBC transfers to the point that is shown in figure 31 and it remains there for two days before it is 

used in production. 

 

 

 

 

  

Figure 30: Production flow in R60. 

Figure 31: Full and empty IBC in the production line 

(GKN 2013) and edited by Elassar (2013). 
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“76” production line  

The layout below shows the production flow in the  production line” 76”, which is an assembly line 

for PTU. The “76” line is assembling PTU for Land Rover with two variants from (long gear and 

short gear) and PTU for SI6 with three different variants. PTU for Land Rover and PTU for SI6 

require different types of transmission oils. “Syntax long life” oil and “BOT 118/95” are the 

transmission oils that are used in thin assembly line. Syntrax oil and BOT 118/95 oil is usually 

delivered from supplier stored in a 900 litre IBC container. 

 

The production process consists of 24 operations, as the flowchart below shows, that takes 30 

minutes to produce 18 units i.e. 36 units/hour. The assembly process is operated by eight workers 

and the machine's effective time is 15 hours/day.  

 

The flowchart shows also the operations’  sequence in the production line “76”. The Takt time for 

this production line is 62,0s. The robot station which operates “operation 210” requires 72 s to fill 

oil in each gear where the filing time is also unchangeable same as the previous production line 

because this is an automatic operation and is programmed to be done by the robot at a fixed time, 

therefore changing of an empty IBC with a full one does not affect the filling operation. Moreover, 

the assembly line is supported with two intermediate tanks with a capacity of 100 litres for each oil 

that covers any oil shortage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Robot cell 

 Figure 32: Production flow in “76” (GKN 2013),  edited by Elassar (2013). 

 

Figure 33: Production flow in “76” . 
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   Figure 35: Full new IBC ready to use. 

Oil consumption differs due to which gear will be produced more. The customer’s demand for  PTU 

landrover is higher than the demand for PTU SI6, so the consumption of BOT 118/95 oil is much 

higher. Usually, the IBC that contains BOT 118/95 oil is changed once a day, while the IBC 

container that contains Syntax long life oil is changed once a month. The two IBCs are stacked over 

each other near to the oil filling station “OP 210”. See figure 34. 

 

When an operator aims to connect the IBC to the 

machines in the production line, there is always a 

risk to mix between different oil containers and to 

connect wrong pipe with wrong container. That is 

why the plant has implemented a new scanning 

system to avoid such errors. See Appendix 9.6.  An 

incident like this has real serious consequences 

because the wrong oil will run through the pipes to 

the filling station and then the gear will be filled 

with the wrong oil. This error is difficult to detect, 

so the probability to deliver defect component to 

the customer (car manufacturers) is very high in 

this case and the defect component may reach the 

last customer i.e. the car user. 

 

The scanning system is used in production lines 

where two different transmission oils are utilized. 

By scanning the barcode that is sticked on the 

stand where the IBC container should be placed 

and then scanning the barcode on the IBC 

container in order to make sure that the barcodes 

match each other and the right oil is placed in the 

right place. Then two operators check up again that 

the oil is placed as it should be and connected to 

the right pipe. 

 

Figure 35 shows the new full IBC that is 

transferred from the internal warehouse and placed 

near to the production area until the used one will 

be totally consumed.  The production line layout in 

figure 36 shows where the new full IBC is placed.  

 

 

It is quite far from 

the filling station 

that it should be 

placed there 

instead of the 

empty one. Later, 

when the empty 

IBC will be 

removed, the new 

one should be 

placed on the 

stand instead of it.  

 

 

 Figure 34:IBCs stacked near robot cell . 

    Figure 36: Production line 76 layout (GKN 2013) and edited by Elassar (2013). 
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    IBC containers are decontaminated as following (EPA 2013):  

 The container last content is identified, then an 

appropriate cleaning process is determined 

 The container interior is cleaned using one or more 

washing methods and cleanings solutions  

 Valves, fittings and fixtures are cleaned then the o-rings 

and gaskets are replaced  

 The IBC interior is rinsed 

 The IBC container exterior is washed with appropriate 

cleaning solutuon 

 Inspection and leak test 

 IBC container is dried  

 Final inspection and performing a new leak test 

 

4.3.4 Reconditioning and reusing IBC 

The used IBCs is sent back to a specialized company in reconditioning and reusing IBCs where the 

used IBCs follow a cleaning process as the figures 37 and 38 show. If  reconditioning is not possible, 

IBCs get cleaned and decontaminated for environmentally safe recycling. It is important before any 

cleaning process, to determine which material was filled in the container to facilitate the cleaning 

process. This identification of the material helps to assess the cleaning process ability to clean the 

container efficiently and to determine the appropriate decontaminating process including which 

cleaning solutions. This step is imperative since a decision must be taken whether to recycle the 

container or clean it (EPA 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 37: General IBC Cleaning Process Diagram (Elassar 2013) based on (EPA 2013). 
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Figure 38: Washing IBCs 

(All-emballage 2013). 
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5. Analysis of empirical results 

 

This Chapter presents the analysis of the empirical data. Benchmarking visit is 

presented first, then it follows with a description of how risk assessment tools have been 

applied. Those tools are Ishikawa diagram, FMEA analysis. And finally, a description of 

how Lean tools, JIT and VSM have been contributed into the progress of the analysis 

phase. 

 

5.1 Benchmarking  

During the study phase of this work, a benchmarking visit to Volvo Powertrain was held with 

Birgitta Hedlund, the environmental co-ordinator on April 12, 2013, in order to have a deeper look 

on an expertise solution from a company such as Volvo that is located close to GKN. See Section 

2.2.4. The purpose of this visit was to learn about other trends in transporting oil in industrial 

manufacturing and to acquire insight and knowledge about their process of transferring oil from 

suppliers to the factory and then to the production lines. The transportation method that is used by 

Volvo is filling oil in the company’s tanks with the help of tank trucks. They have three production 

lines and two of them were connected with pipes that provided each production line with respective 

oil. The tank truck pumps the oil in a connection coupling, then the oil flows through pipes and fills 

the storage tanks. Every coupling is attached to one tank that is used for only one type of oil. In 

Volvo’s factory there are only two oil tanks for two different types of oil. Every tank is connected  to 

a production line and provide it with oil continuously. Inside the factory there is a display screen that 

shows the oil volume, which gives the possibility to decide when is the suitable time to have a new 

oil delivery from suppliers. The flowchart  below shows the process of oil flow  from the supplier’s 

tank trucks through the pipes, storage tanks and then to the production line. 

 

 

 
Figure 39: Flowchart for oil delivery by tank trucks. 

Benchmarking contributes to identify the gap in the company’s process when compared with 

Volvo’s process of oil handling. The data gathered from observation during the Volvo visit has been 

studied later and analysed to identify the effectiveness of this transporting mode. As well as 

advantages have been listed to highlight the benefits if this fast process that has been implemented: 

Advantages: 

 Low cost compared to IBCs packaging because the process of filling oil by tank trucks has 

less activities and less labour than IBCs delivery  

 No risk of oil contamination because the oil goes from tank truck’s compartment directly 

through pipes to the storage tanks then to the production line, while IBCs usage may expose 

oil to contamination during filling operation, transportation or even storage 

 Avoiding change of oil temperature and avoiding oil additive separation because the tank 

trucks are heated, so the oil will not be exposed to different weather exchange 

 No change in oil quality because of the stable temperature and no contamination risk 

 Tank trucks can carry more cargo than IBCs or drums 

 Quick loading compared to drums and IBCs and no containers to return 

 Reduction of  labour which leads to cost reduction as a result of the elimination of many 

activities, e.g. reduction of the inventory in the warehouse and no need for forklift trucks 

Oil truck pipes Storage tank Production line 
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There are also many serious disadvantages of this transportation mode,  such as increasing traffic, 

consuming of a lot of fuel and producing a lot of environmental pollution, e.g. emissions, oil spills, 

dumping wastes, which have an adverse impact on wildlife, marine and terrestrial.  

 

5.2 Risk assessment 

Risk assessment is carried out during the work analysis phase in order to conduct a systematic 

evaluation of the potential hazards, which is done by using the following five steps: 

 

1. Identify the risks of using IBC containers and continuous investigation of hazards during the 

thesis work 

2. Identify the exposures by defining what could be harmed and how? 

3. Record the findings and define existing precautions 

4. Evaluate the risks arising and analyse the hazards by using risk assessment tools FMEA and 

Ishikawa diagram 

5. Review the assessment regularly  during the thesis work and revise it if necessary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The flowchart above shows how FMEA is conducted with the help of Ishikawa diagram during the 

analysis phase in this thesis work. Ishikawa diagram is used as a tool to list the possible root causes 

for IBC vulnerabilities and the output from Ishikawa is used as an input to the do more detailed 

analyses which is FMEA. FMEA is performed more specifically and updated constantly as a living 

document, in order to list things that could go wrong in the process. The severity is rated, and then 

the RPN is calculated in order to decide which actions is needed to reduce the likelihood of failure. 

Ishikawa is also generated during the work according to the project progress and the empirical 

findings. 

 

Even the target from benchmarking is analysed by using both FMEA and Ishikawa in order to assess 

the risks and to evaluate the effectiveness of filling oil by using tank trucks, by making a comparison 

between the benchmark and the current process that used by GKN. The project final proposal 

depends on the result of those two tools. 

 

The following Sections 5.3 and 5.4 include a presentation of how the risk analysis methods Ishikawa 

diagram and FMEA have been applied to assess potential risks and to reveal the underlying causes 

of failures into two different transporting modes, i.e. IBC container and filling oil by tank trucks.   

Figure 40: Risk assessment flowchart. 
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Possible 

Solutions 

Plan 



 

 

38 

 

5.3 Ishikawa diagram 

The potential risks in IBC container as a packaging and transportation method is determined by 

performing Ishikawa diagram. Six major categories that may cause an overall effect are determined 

in the diagram. The categories are transportation, inventory, IBC construction, product 

i.e.transmission oil and cutting fluids, environment and operators. The causes are grouped under 

these major categories to identify risk sources as shown in the figure below. 

 

 

Another Ishikawa diagram is performed to identify potential risks when implementing a new 

transportation process. Oil transportation and filling by tank trucks is investigated in order to secure 

the main problem areas, which are safety and quality. Ishikawa diagram in the figure below includes 

six major categories, which are transport, man, work environment, equipment, oil quality and 

environment.   

 

 

  

 

 

 

  

Figure 41: Ishikawa for IBC. 

Figure 42: Ishikawa for tank truck transportation. 
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5.4 FMEA 

FMEA is one of the most important tools in reliability analysis that is performed in this thesis to 

assess potential risks in oil transportation methods. FMEA is used to assess risks in using IBC 

containers as a packaging and a transportation method.  In addition, FMEA is performed again to 

study and to evaluate the risks of implementing tank truck as a transportation method. The output of 

Ishikawa diagram is used as an input for FMEA to conduct more advanced risk assessment.  

 

5.4.1 FMEA for IBC  

The first FMEA is done to identify possible failures in the IBC construction and how is the use of 

IBCs for oil transportation can affect the production process and even the product quality. FMEA is 

also conducted to investigate IBCs impact on both environment and  work environment.  

 

 

The table above shows the result of  risk assessment that has been done to investigate the possibility 

of an adverse outcome regards to using of IBC containers and the uncertainty over the occurrence, 

timing or magnitude of this outcome. Furthermore, this risk analysis investigates every possible 

attribute to decide its severity and if an attribute is absent, then there is no risk. 

In the first part of FMEA as figure 43 shows, oil contamination got the highest  RPN because of the  

consequences of this risk is extremely harmful, therefore the severity rating is high as well. The 

outcome of this failure can affect the product quality at different levels, since the product PTU or 

RDU may reach the car manufacturer , thus it may reach the car user without finding out this failure 

in the early stages of production. Also, the hazard of ignition got the highest severity rate, since 

IBCs construction and material are vulnerable to ignition and may cause harm to people, property or 

the environment.  

Figure 43: FMEA for IBC-part 1. 
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The second part of FMEA, as shown in the figure above, shows that the risk of exchanging between 

two different types of oil and connecting them to another pump is high and it got a very high RPN. 

This error may occur during replacing an empty IBC by a new one and in this case, it is difficult to 

discover or even notice the error and as a consequence of this error, the defective product may reach 

the manufacturer or the user. The risk of exchanging between IBCs can occur in the production lines 

that utilize two types of transmission oils, since IBCs are stacked and the probability to put an IBC 

in the place of another one is very high, and then as a consequence of this error, different type of 

transmission oil will be filled in the intermediate tank and then the oil will go through several 

production phases until it will be filled in the wrong gear, which will affect the gear quality and it 

will not function as it should be. 

 

5.4.2 FMEA for oil delivery by a tank truck  

FMEA is performed to identify and evaluate failure modes and failure effects of using tank trucks to 

fill oil in the plant tanks. The purpose of performing FMEA is to analyse the process characteristics 

relative to the manufacturing process to ensure that the process meets the company needs and 

expectations. Furthermore, when the potential failure modes are identified, a corrective action can be 

taken to eliminate them or to avoid the fail modes when implementing the process. FMEA will also 

document the rationale for the analysed transportation process and will provide a base for the 

implementation of this process in order to initiate preventive measures. The aim of conducting this 

FMEA for oil transportation by tank trucks is to investigate the difference between IBC and tank 

trucks transportation processes in order to determine the severity in both modes and the extent of 

risks in each. This analysis will facilitate the decision for the company in choosing the appropriate 

process, i.e. FMEA analysis will give a clear vision to the company for either implementing a new 

transportation process or developing and modifying the current transportation and storage process. 

 
In the following parts, FMEA is used in different purposes,  i.e. the potential risks and failure modes 

will be analysed in different areas in order to create measures of risk to control quality, 

environmental- and work environment performance. 

Figure 44: FMEA for IBC-part 2. 
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5.4.2.1  Quality FMEA for oil delivery by a tank truck 

The quality FMEA is performed to investigate the reliability of this transportation mode and to 

ensure that the requirements for implementing this mode  will meet the quality requirement for the 

production of driveline components. The purpose of performing this FMEA is to investigate the 

effect of this transportation mode on product quality. As well as, to determine possible risks in order 

to eliminate them if the method will be implemented by GKN, so the results of this reliability 

prediction will contribute in eliminating the process weakness. 

 

As the figure above shows, the result of FMEA regards product quality has registered a high RPN 

for the storage of oil in low temperatures because low temperatures lead to additive separation of oil. 

This failure can be avoided totally by building indoor storage tanks, which is common in the 

industrial plants to have indoor tanks and also according to benchmarking visit to Volvo Powertrain, 

their storage tanks are protected inside the plant. Oil contamination is another risk that may occur 

when using this transportation process but the RPN is not so high compared with the RPN for the 

same risk when using IBCs in storage and transportation. The risk of oil contamination can be 

minimized if: 

1. The storage tanks and pipes  are laminated, so no risk of rust and particles will occur 

2. Attach a filter near to the valve at the filling point to avoid oil contaminants, particles and 

oxides occurrence. It is important to notice that unnecessary over filtering may take out 

additives from oil  

3. Regular maintenance including tests, adjustments, and parts replacement of components, e.g. 

pipes, filter and tanks should be performed to prevent faults from occurring 

Figure 45: Quality FMEA for filling oil by tank trucks.  
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Other risks may occur during the transportation, which can be avoided by inspecting and evaluating 

suppliers’ routines by performing SQA.  SQA helps to analyse quality problems that can be traced 

from the supplier. In addition, SQA minimizes communication quality problems and  facilitates 

action plans and follow-up activities. SQA activities improve the QDC (quality, delivery, cost).  

 

5.4.2.2  Environmental FMEA for oil transportation by tank trucks  
The environmental FMEA below is carried out to evaluate the environmental impact caused by the 

transportation of oil by using tank trucks and to assess hazard's occurrence during this transportation 

process. The environmental impact may occur because of resource consumption, accidents, 

emissions, waste etc.  

 

In figure 46, the environmental FMEA shows a higher RPN for traffic increase and congestion while 

other risks, in the same analysis, such as oil waste and losses have gotten  lower RPNs. Another 

serious environmental risk may occur, when the transmission oil leaks from a tank truck in soil or 

groundwater so the oil will be wasted and the soil and groundwater will be polluted. The same risk 

may occur during other circumstances, e.g. when the truck driver fills oil in the company’s storage 

tanks, the oil may leak into the drainage well system, therefore it is important to man the workplace 

in order to execute rapid decontamination. The used oil in production purposes can be recycled, but 

in certain cases when the oil is mixed with water, it turns into waste and a non recyclable oil, which 

Figure 46: Environmental FMEA for filling oil by tank trucks. 
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is another serious environmental problem. It is also important to build embanked storage tanks to 

isolate the oil leakage from spreading and covering wide areas. 

 

This risk analysis shows that the transportation of oil by tank trucks is safer than the transportation 

by using IBCs, because the RPN- and the severity numbers are lower than the numbers in the FMEA 

that was done regarding IBCs. 

 

 

5.4.2.3 Work environment FMEA for oil transportation by tank trucks 
The work environment risk analysis is a crucial part, since it is about man safety. The surrounded 

incidents and actions may produce a negative impact on human safety and health. Stressful work 

environments, lack of security or maybe untrained employees are some serious risks that should be 

carefully treated. Hence, it is necessary to analyse potential risks in the work environment regarding 

to oil transportation by tank trucks, in order to investigate hazard occurrence and the severity of 

those hazards. 

 

The possible risks in the work environment for oil transportation by tank trucks have been analysed, 

beginning with oil transporting from the supplier organization to the discharging point at GKN plant, 

then to the last station in this process, i.e. the production line, where oil is filled in the gear 

components. The whole analysis that is shown in figure 47, resulted with low RPN numbers for 

almost all the risks in the work environment, which means that oil transporting by tank trucks is a 

safer process. In spite of the process safeness, there are many safety requirements that need to be 

implemented when this transportation mode is implemented to secure man safety. See the guidelines 

for prevention of safety and work environment hazards according to safety instructions and 

legislations in Section 3.4.2. 

Figure 47: Work environment FMEA for oil transportation by tank trucks. 
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5.5 Inconsistency with JIT  

This Section describes the identified losses found in the plant according to the JIT point of view as 

described in Section 3.2. The following points have been detected in the plant to identify the 

inconsistency with JIT basic outlines: 

 

 The primary problems have been addressed in order to attack  primary causes 

 Waste is addressed  in order to eliminate it and avoid unnecessary activities 

 Transportation process complicity is detected in order to simplify it 

 

 

Losses according to JIT perspective 
The losses during the whole process are identified and whatever is not useful is considered as 

wasteful. The majority of activities that have a connection with transmission oil are noticed and the 

suppliers' delivery processes are investigated as well, in order to determine the three M’s, Muda 

Mura and Muri. 

 

 

 

 

 

 
Figure 48: Flowchart for the current process according to JIT perspective. 

 

Since JIT is about waste elimination, there are some unnecessary activities that do not add value to 

the production process and counts as a form of waste. The flowchart above illustrates different 

stages in the production process at GKN. Some of those stages add value and may include some 

waste at the same time while other activities don’t add any value to the process.  Muda, Mura and 

Muri are influenced by each other therefore the three M’s are detected in separate terms. 

 

 

1. Muda of inventory 
Inventory in general is considered as a Muda, since it does not add value to the product. GKN has 

external and internal warehouses and this requires more space for the inventory, both outside and 

inside the plant. In GKN plant the following unnecessary activities have been identified. Those extra 

process activities occur due to inventory and other warehouse problems.   

 

 Internal transportation: 

Forklift trucks  move continuously to transfer full new IBCs from the unloading area to the 

external warehouse, then the IBCs are transferred later to the washing area for exterior wash, 

after that to the internal warehouse and finally, each IBC is transferred to the appropriate 

production line. 

 

 Extra equipments : 

Extra equipments are needed to move, transfer and even store IBCs in the warehouse, e.g. 

some types of oils such as Haldex oil should not be exposed to low temperature, therefore 

this oil needs special storage cabinets to protect it from damage and keep its temperature 

stable. 

 

 Additional labour:  

Additional labour is required for additional activities such as transfer, wash IBCs etc. 
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 Washing activity:  

Time and resources are wasted because of the washing activity. 

 

 New barcodes (own inventory management): 

Putting new barcodes on the new arrived IBCs to the external warehouse is an extra activity. 

 

 Empty IBCs:  

The inventory includes empty IBCs that are stored in the warehouse waiting to be picked up 

later by another company. This type of inventory occupies wide areas in the external 

warehouse and in some cases it remains in the factory floor and occupies space, which is 

waste according to JIT thinking. See Appendix 9.5 

 

2. Muda of transportation  
IBCs go through various stages during transportation and this may affect IBCs in different ways, e.g. 

dust accumulation on IBCs, condition deterioration and even getting wet or dirty. All those 

contaminations create a need for an extra process, i.e. the washing activity. In addition, there are 

extra unnecessary transferring and moving of objects in the plant that adds no value according to 

JIT, e.g. the external warehouse is quite far from the unloading area, i.e. the unloading area is on the 

backside of  building D while the external warehouse is on the backside of building C. In addition, 

the transportation of IBCs from the external warehouse to the washing area is an unnecessary 

movement that may cause IBCs damage during this action, and then the transferring of IBCs  to the 

internal warehouse from the backside of  building C to the far end inside building D is another extra 

movement. See Appendix 9.3 that shows the plant layout or figure 28 that shows the forklift truck's 

movements. All those extra movements are important to secure oil quality regarding contamination 

and additive separation, but at the same time the transferring of objects is an over process that needs 

to be eliminated, according to JIT principles. 

 

3. Muda of motion 
Unnecessary movement in the plant is waste, such as ordering a new full IBC from the inventory and 

then store it in the internal warehouse. Operators’ unnecessary movement when they want to replace 

the empty IBC with a new full one is waste as well. Another type of unnecessary motion occurs 

when the new full IBC is transferred by the employees to the production line R- 60 before two days 

from the time planned to use the IBC. The new IBC remains near to the used one in production as 

shown in the R-60 layout, in figure 29 and 31. The same movement occurs around the production 

line “76” with even more motion and longer distance, because every day a new IBC is transferred 

from the external warehouse to inside the factory. The IBC remains there for hours in a wide area 

beside the production line, until it is transferred again to be placed instead of the empty IBC. See 

figures 34, 35 and 36. In addition, there is another type of unnecessary movement of employees 

regarding IBCs transferring, which occurs when empty IBCs transfer back to the external 

warehouse, waiting to be picked up by another company for disposal or recondition, is a Muda also. 

See Appendix 9.5. 

 

4. Muda of over-processing 
Washing of the new and unused IBCs in the washing area in order to remove any contaminants 

accumulated from the surrounded environment during transportations is an over processing that does 

not add value. Furthermore, every production line is connected to a filter to remove any oil 

contaminants which is an over-process that occurs because of the use of IBCs. Scanning system is 

connected to each production line can consider as over-processing that requires only when two IBC 

containers are stacked. The scanning system is a new process that is implemented in the GKN plant 

to ensure that the right oil is attached to the right pipes and goes through the pipes, then is filled in 

the right PTU. Even if it is a new securing process but it does not guarantee that the process is safe 

from exchanging between different transmission oils because human mistakes are possible in this 

case. See Appendix 9.6 that shows the scanning system photos. 
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5. Mura the waste of inconsistency 
Inconsistency in production leads to inconsistency in consuming some transmission oils in 

production which leads to store the new full IBCs in the warehouse more than it is supposed to be. 

An example of Mura is described in the next page. See figure 49. 

 

6. Muri the waste of overburden  
Pushing machines beyond the limits of continuous production may lead to safety and quality 

problems. Overburdening of the machine or employees is a direct cause of breakdowns and defects 

which is waste that the customer does not want to pay for it. Mura leads to Muri that leads to the 

Muda’s  seven wastes. 

 

 

 

 

 

 
 

 

 

 

 

For instance, employees were stressed in an exceptional case, this led to exchange between different 

transmission oils. The employees connected the wrong oil container to the production line which is 

Muri. Then the production continued as usual until the failure was discovered, the production 

process was repeated again to produce a new patch instead of the defected patch and this led to 

inconsistency in production which is Mura. Muri and Mura led to Muda several wastes. See figure 

49.    

 

5.6 Value Stream Mapping 

The figure below shows the Value Stream Mapping for the current transportation process that was 

described in Section 4.3. The process map illustrates the supplying chain only for one the three 

suppliers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50: VSM for supply, movement and production in the plant. 

Figure 49: Illustration for the connection between Mura, Muri and Muda. 
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The transportation process goes through several stages that includes various non value added 

activities. The shipment of oil containers is usually transported by vehicles from the supplier, 

Castrol’s warehouse in Germany to the harbour then to Nynäshamn harbour in Sweden. After that, 

the shipment is transferred to GKN Driveline in Köping by vehicles, and later on  the containers are 

transferred inside the plant by forklift trucks to the external warehouse as mentioned in Section 4.3. 

All this continuous movement does not add value to the product.  

 

 

 

Figure 51 describes Castrol’s supply process. IBCs are filled in Germany in Castrol’s Neuhof Plant 

in Hamburg and then picked up by the transport company DSV from Castrol’s warehouse. The VSM 

below describes GKN’s supply chain, including the three suppliers. It was difficult to add the time 

line because suppliers were unwilling to provide accurate information about their processes.  

 
Figure 52: VSM include Kaizen  in the current process. 

Figure 51: Castrol’s supply process . 
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The illustration for the supply chain in the previous page provides a map of the process that 

established a view of the current information. This overall view shows the process from the three 

suppliers to the external warehouse and then from the external warehouse to the work units and so 

on. One of the suppliers is located in Germany, as shown in figure 52, and the other two suppliers 

are located in Sweden. The areas and activities in this process were defined in order to improve the 

supply chain.  

 

Kaizen starbursts in the VSM indicate the improvement areas that include unnecessary process or 

action and don’t add value to the product. The bullet list below describes every Kaizen in the 

previous VSM and all the possible improvement: 

 

1. Cold warehouse 

The external warehouse is not heated and this exposes the inventory to low temperatures in 

winter. 

 

2. Drainage well system  

In the unloading area there is a storm drain system. Oil may leak into the drain system which 

is a serious environmental problem. 

 

3. New barcodes  

Putting  new barcodes on the IBCs when they arrived to the external warehouse is an extra 

activity that takes time and costs money. 

 

4. Inventory 

The external warehouse needs improvement to get rid of the extra inventory, according to 

JIT perspectives. The storage of IBCs in the both warehouses should be minimized, 

especially in the internal warehouse regarding fire safety – and insurance requirement. See 

Section 3.4.1.2 about fire safety and Appendix 9.2 about insurance requirements. 

 

5. Internal warehouse 

The unnecessary movement between the external and the internal warehouse needs to be 

minimized and the forklift trucks movement should be minimized as well. 

 

6. Washing IBCs 

The process of washing IBCs is an important activity because contaminants that accumulate 

on the IBCs during transportation and storage affect the product quality. This is a critical 

improvement area because the washing activity is also an over process that should be 

eliminated.  

 

7. Full IBC  

A full IBC transfers from the internal warehouse to the production area and may remain 

there waiting until the used one is totally emptied. It can be left in production between 15 

minutes to two days, depending on the capacity of the oil consumption in the production line 

where the IBC is meant to be attached. Usually, the new IBC occupies an area in the factory 

floor and it may probably annoys the movement of the staff, especially in the production line 

R-60 because it is placed near to the used IBC in production, as described in the previous 

Section 4.3.3.  

  

8. Reverse logistics 

The last Kaizen area is about the reverse logistics and the need to dispose of  the empty 

IBCs, where the empty containers are occupying area in the plant until they are being picked 

up by a specialized company in container’s reconditioning. 
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5.7 The result of the analysis phase 

The result of the previous analysis (Ishikawa diagram and FMEA) contributed to the assessment of 

the risks in the current process and resulted in measures to the known and unknown risks. Those 

measures facilitated the decision-making process of which actions or hazards must be considered 

with high priority. Benchmarking and the comparison between Volvo and GKN highlighted an 

interesting target. This target is analysed later, in order to assess the risks associated with it.  

 

The non value added activities in the current process were identified by determining the 

inconsistency with JIT. And then, the possible improvement areas (Kaizen) were identified with the 

help of the visual map VSM. 

 

The result of the analysis phase ended with both  hazard identification and requirements definition as 

the flowchart below shows. The result of the thesis work is depending on three important factors in 

this work,  i.e. the integration between the results of risk assessment, Lean tools (JIT and VSM) and 

requirements definition, contributed to define the best solutions from the previously reviewed 

Section 4.1 about different oil storage and transportation modes that exist in the market nowadays.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Oil barrels are not suitable packaging regarding to their small capacity and heavy weight, because 

GKN uses transmission oils frequently and in large quantities. See table 2 for the most consumed 

oils in production at the GKN plant in 2012. While the metal IBCs are a good solution regarding to 

fire ignition and material vulnerability compared to plastic IBCs. The cubic shape gives the best 

utilization of storage capacity, but on the other hand, IBCs that have a metallic construction are 

heavy to transport compared to plastic composite IBC containers. Steel IBCs are also vulnerable to 

collision so the metallic construction may deform or even puncture when a forklift truck collide with 

an IBC. Anyway, according to the communication with the three suppliers, Castrol, Statoil and 

OKQ8, they confirmed that they don’t pack their goods in neither metal IBCs nor Bag in Box, and 

the only available packaging for larger volumes (around 1000 litre) is the plastic composite IBC 

Container. 

 

Pipelines are another type of oil transportation mode that provides a continuous oil flow, which is 

useful and effective only for huge quantities transportation over long distance, and that is not 

required in GKN’s case because the utilization of transmission oil is not so enormous to implement 

this transportation mode, and on the other hand GKN utilizes many different types of oils in the 

production which makes this transportation mode very expensive to implement. See Section 4.1.4 

for more information about pipelines. 

Figure 53: Flowchart for the analysing process in this thesis. 
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6. Result 

 

This Chapter presents the end result of this thesis work which depends on the continuous 

investigation through interviews, benchmarking and other methods mentioned in this 

report. The Chapter includes four Sections and each Section presents a proposal as 

follows: 

 Proposal to protect oil while stored in IBC containers: Heating jacket 

 Proposal for fire safety during production: Dispensing cabinet for storing IBCs 

 Proposal for the safety in the internal warehouse: Cutoff design for IBCs storage  

 Proposal for the most consumed oils: Filling oil by tank trucks  
 

6.1 IBC container heater  

The IBC heater or the heating jacket is specially designed for plastic, metal and intermediate bulk 

containers. See figure 54. The heater provides an efficient heating system which is ideal for reducing 

the viscosity of a variety of products that include fat or oil. IBC heaters are effective because they  

heat the IBC contents in its place and even during transporting. Moreover, the covered IBC with the 

heater can function well as a dispensing container  because the heating jacket has holes to facilitate 

the IBC’s usage. This option is available in some models, while in other models the IBC is totally 

covered. In addition to the heating ability that protects additives from falling out, the heating  jacket 

protects IBC from damage and protects the oil from contamination. The IBC heater contains two 

separate heating systems that allow the adjustment of the temperature to the required level, which 

keeps temperature at the same level all the time.  

 

This proposal adds value to the product 

because the use of the heating jacket will 

eliminate many activities. Transferring IBCs 

from the external warehouse to the internal 

warehouse, will be unnecessary and it can be 

eliminated because the IBCs temperature 

will be stable, so the IBCs can be used 

directly into production. Also, the washing 

activity it will be eliminated because IBCs 

are covered from the surrounding  

contaminants.  

 

This proposal will minimize another important non value added activity, which is the forklifts 

unnecessary movement in the plant, which will even minimize the risk of IBCs puncture due to 

possible collisions with forklift trucks. All those “between processes” shown in figure 55 can be 

eliminated to a shorter process as shown in figure 56. 

 

 

 

 

 

 

 

 

 

 

Figure 54: IBC heater (briskheat 2013; 

 directindustry 2013). 

 

Figure 55: The recent process inside the plant. 

Figure 56: The suggested process with no extra activities. 
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6.2 Dispensing Cabinet 

This proposal presents a new cabinet construction to store  

IBCs and to enable dispensing oil directly to the 

production line. Actually, a cabinet for storing IBCs exists 

in the industry but to use a cabinet as a dispensing station 

during production is a new idea which is designed by the 

author during this thesis. This cabinet is constructed in 

order to minimize hazards in the plant; especially hazards 

caused by ignition. So the cabinet  protects IBCs from 

possible fires and prolongs the time required for a fire to 

reach the containers stored inside the cabinet. Thus, the 

gained time gives the ability to extinguish any potential 

fire. The cabinet will even protect IBCs from possible 

collisions with forklift trucks, which often leads to IBC 

puncture and then causes a rapid oil release that creates an 

extreme oil pool around IBC. In addition to the previous 

benefits, the cabinet prevents any oil spillage from 

reaching the factory floor, which is environmentally-safe . 

 

Regarding the storage of 30 IBCs in C-factory and 34 IBCs 

in D-factory with C and D structures located close to each 

other expose both facilities to a serious challenge and the 

fire sprinkler system used in the plant is not expected to 

extinguish a fire involving combustible liquids in plastic 

IBCs. In a fire event, it is expected that the fire will 

continue to burn until all liquids are totally consumed, so if an ignition begins in the area for some 

reasons, this will likely result in a total loss of both structures. Figure 57 shows a sketch for a 

dispensing cabinet that is designed by SolidWorks program during the thesis to fulfil the safety 

requirements. A meeting was held with  the thesis supervisor Anders Mellberg to discuss a previous 

primary cabinet sketch done by the author that resulted in some recommendation for more 

development.  One of the most important recommendations that the cabinet should have doors from 

two sides, backside doors to facilitate inserting IBCs inside the cabinet by forklift trucks and a front 

door to facilitate attaching pipes to IBCs stored in the cabinet. 

 

In addition, further communications were held with expertise in risk engineering from ZURICH 

Insurance Service, about the safety requirements for building a dispensing cabinet in the factory.  

The insurance company recommended that the cabinet should contain a spill containment for 110% 

of the amount of liquid stored in the cabinet. They also recommended that IBCs storage should be 

limited to one IBC in an approved flammable liquid storage cabinet with spill retention and the 

cabinet should have a recognized testing certification for fire rating. See Appendix 9.4. Those 

recommendations were based on the IBCs quantity in the plant and their contents. IBCs in GKN 

plant contain Class IIIB combustible liquids that have a flash point greater than or equal to 200 °F as 

the table below shows.  See Appendix 9.1 for more information about liquids classification of 

flammable and combustible. 

Oil name  Article number  Flashpoint (ASTM D92) 

LSC Transmission Fluid 301  8715300  > 190°C 

Bot 118/95 Plus  8712452  212°C 

Castrol Syntrax long life 75W-90   7530112800  224°C 

Bakaxelolja 97314-80 (EL-3779)  8708313  >190°C 

Table 2: The flashpoint for the most consumed oils. 

    Figure 57: Dispensing cabinet. 
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However, the cabinet construction was updated regarding the previous instructions and 

recommendations and the last result is presented in the figures 57, 58 and 59. The dispensing cabinet 

includes a pallet  to ensure that any leakage will be kept inside and do not spread on the factory 

floor. This pallet is an environmentally friendly solution that preserves the environment from 

possible oil spills. The cabinet also includes an effective oil supply shutoff mechanism to stop oil 

flow through the pipes to the production line, if a fire ignites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 58 shows two fire shutoff valves, where each valve is connected to an IBC. Those fire shutoff 

valves are spring-loaded to snap-acting with automatic stop in case of fire, so they will automatically 

shutoff the oil flow from the IBCs, which will stop IBCs from releasing their contents and adding oil 

to the fire. See figure 61 and for more information about the fire shutoff valve, see appendix 9.7. 

 

 

 

 

 

 

 

Figure 60 shows two perforated racks where the IBCs are supposed to be placed on. Those racks 

include holes from the front side that provide appropriate space to place the extended pipes or hoses 

from the containers  to the fire shutoff valves. Figure 57 also shows two nameplates to confirm each 

oil type in order to avoid mixing between different oils by connecting the inappropriate hose to the 

valve. 

Figure 60: Fire shutoff valve. 

 

Figure 58: Front side of dispensing cabinet with 

                  a spill pallet and two shut off valves. 

 

Figure 59: Two doors on the backside  

                   of the dispensing cabinet. 

Figure 61: Perforated racks.   
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6.3 Cutoff design for the storage of IBCs 

There is a need to store IBCs that contain flammable liquids in a cutoff storage, in order to avoid 

pool fires and involving of more IBCs in the fire as the figure below shows. Separation walls should 

be built between IBCs when stored on racks; and even between the internal warehouse and the 

production area. Figure 62 shows an example for the separation walls that minimize the time for 

involving of more IBCs in the fire. Determining of the separation walls depends upon factors such as 

building construction, occupancy and slope of the ground. Plastic composite IBC container is the 

type of IBCs used at GKN plant and this type of storage containers has some regulations according 

to ZURICH, the insurance company. Plastic composite IBC containers with flammable liquids can 

be stored in different building’s construction and each construction has certain safety requirements 

according to ZURICH. The list below shows the safest storage modes for plastic composite IBC 

containers in order of preference: 

 Adequately detached storage building 

 Attached storage building should be separated by three outside walls 

 Cutoff storage building with two outside walls  

 Cutoff storage building with one outside wall  
 

 

 

 

 

 

 

 

 

 

 

 

 

All this means that IBC containers should be stored in, either a cutoff room, or a detached building, 

therefore the internal warehouse inside GKN factory has deficiencies regarding those previous 

specifications. The internal warehouse is attached to the production area, where IBC containers are 

stacked on the racks. Under those racks there are liquid retention pallets to eliminate possible oil 

leakage from covering wide areas in the factory. For safety purposes, IBC container’s contents 

should be identified whether they are flammable oils and the flash point for each oil should be 

identified as well, because different flash points require different safety conditions Figure 63 shows 

the racks in the current internal warehouse and the three-dimensional illustrations in figures 64 and 

65show the suggested solution to the racks in the internal warehouse. Partitions should be mounted 

between racks to isolate every two IBCs from each other. The benefit of having those partitions 

between IBCs is to avoid fire spreading to other containers or to minimize the time required to ignite 

the next container beside. 

 

 

 

 

 

 

 

 

 

 

Figure 62: 3D image for IBCs involvement in a fire, done in SolidWorks program. 

Figure 64: A cutoff design proposal, done in SolidWorks. 

 
Figure 63: Current racks in the internal warehouse. 



 

 

54 

 

 

 

 

 

 

Three cutoff walls should be built around the racks in the internal warehouse in D factory to isolate 

the internal inventory from the production area. See figure 65. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The internal warehouse is near to the production area, see Appendix 9.4, and the cutoff design in the 

figure above, can minimize the time needed for a fire to reach the manufacturing area or conversely 

if an ignition happens in the manufacturing area the cutoff walls, will isolate the internal warehouse 

for a certain period of time. 

 

 

Figure 66: Attached storage building with a cutoff design. 

 

Figure 65: Change of the current racks to cutoff racks. 
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6.4 Filling oil by tank trucks 

The fourth proposal is a suggestion to use the fast and smooth supplying mode which is filling oil by 

tank trucks. Door-to- door delivery is a widespread transportation technique used in industrial 

manufacturing by many companies and according to benchmarking, this transportation mode is 

efficient and smooth. See Section 5.1. This type of oil transportation can be used for the most 

consumed oils in large quantities while it is not suitable for the transportation of oils that are 

consumed in small quantities, because tank trucks usually transfer large shipments with full tanks. 

The most consumed transmissions oils in production at the GKN plant in 2012 as follows: 

 

 LSC Transmission Fluid 301 consumption is 212000 litres/ year 

 Bot 118/95 Plus consumption is125400 litres / year 

 Castrol Syntrax long life 75W-90 is 125400 litres/ year 

 Bakaxelolja 97314-80 (EL-3779) consumption is 182000 litres/ year 

 

Those previous transmission oils are frequently delivered to GKN plant; therefore there is a need for 

a rapid and smooth transportation mode.  In addition, it is important to reduce the inventory in the 

warehouse and even to solve the storage problem in the external warehouse, where low temperatures 

affect oil additives and cause its separation. Those factors can be solved by supplying oil directly 

into the plant's storage tanks so the oil runs simply through pipes to the production lines. 

 

The method of filling oil in the storage tanks is uncomplicated because oil deliveries are web-based. 

The storage tanks have sensors that send signals to the suppliers directly. Those sensors record how 

much oil is left so the purchasing department does not need to order new shipment and even does not 

have to make a delivery schedule because of this automatic supplying system that detects the time to 

refill automatically. Moreover, some suppliers offer an extra service which is the transportation of 

both wasted and used oil that the factory would like to dispose it. It is important to mention that the 

deliveries are always coordinated by the suppliers to drive the tank trucks with full compartments in 

order to avoid extra driving with half full or empty tanks,  which is important from the 

environmental perspective due to the reduction of both fuel consuming and traffic congestion. 

 

Oil transportation by tank trucks helps to avoid deterioration of oil quality and even to avoid mixing 

between different types of oil, because the vehicle’s tank is split into two or three independent 

compartments and each compartment has a separate charging system with separate drains, pumps 

etc. Usually every tank compartment has a capacity about 45 m³, depends on the vehicle’s 

construction so the compartment can carry around 45% or more than one IBC. The number of 

compartments may vary according to the tank truck type, i.e. it is possible to carry and deliver at 

least two or three different oils at the same time.  

 

In addition, the process of pumping oil directly from the tank truck to the storage tanks inside the 

plant eliminates the risk of oil contamination, because oil will not be transferred through multiple 

stages as other packaging methods. Oil will be discharged from the tank truck and then to the storage 

tanks at the plant, which provides a shorter process that will secure more effectiveness and will 

maintain the quality of the oil. The direct and fast oil filling is a definitive solution that eliminates 

the risk of additive separation in the external warehouse due to low temperatures in winter. All those 

factors contribute to maintain the oil quality and to eliminate the causes of oil contamination. 

 

The filling process goes through fast and easy stages since the supplier sends the order according to 

a schedule plan or by using the electronic system that indicates the storage tanks volume by the 

electronic signals as mentioned in the previous Sections 4.1.3 and 5.1.  
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   Figure 67: Flowchart for filling oil process by tank trucks. 

 

 

The flowchart above describes the various stages of the oil filling process and how easy the oil flows 

when the tank truck’s pipe is connected to the coupling as the figure below shows, then to the 

storage tanks and finally the oil directly pumps in the robot cell where the robot fills the oil in the 

gears. 

 

 

 

 
 

During the thesis work, it was difficult to get exact facts and numbers from the suppliers 

about their transportation processes. However, some data were gathered from suppliers 

and this data helped to analyse and follow up the process. The table below presents the 

available data from suppliers about their transportation loading capacity and lead time. 
 

 

 

 

 
Table 3: Available data from suppliers about their loading capacity for oil delivery by a tank truck.  

 

 

 

As the table shows, the distribution volume differs from supplier to another including small 

differences about the minimum and the maximum loading capacity ; and the lead time varies as well. 

Order 
schedule 

Tank 
truck 

Unload 
Storage 

tank 
Production 

Robot 
cell 

Product 

Supplier Loading capacity 

          Min (litre)                          Max (litre) 

Lead time (days) 

OK-Q8 1000 App. 36000 - 

Castrol 800 App.  28000 14 

Statoil - - 10 

Figure 68: Illustration for oil filling process by tank trucks. 

 

Order Discharge Storage tank Pump Filling Coupling 
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The value stream mapping in the figure below visualizes the future image for the process of 

transportation oil by tank trucks in order to give an overview of the supply chain and to visualize all 

the activities beginning from the supplier organizations and ending with distribution to the 

customers. 

 

 

 

 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The process is faster than the current process. See VSM for the current process, figure 50 in Section 

5.6. The three suppliers are able to deliver oil by tank trucks so each supplier transports the required 

shipment to the plant, then the oil pumps smoothly in its storage tank and finally it runs directly to 

the appropriate production line. After the production process is finished,  PTU and RDU products 

are transferred to the warehouse by forklift trucks and then to the customer. This process minimizes 

the movement in the plant, and eliminates seven activities as figure 70 shows. 

 

 

 

 

 

 

 

 

 

The activities that will be eliminated or minimized are as follows: 

 

1. Transferring IBCs by forklift trucks to the external warehouse 

2. Reducing inventory and some of inventory management activities such as putting new labels 

on the new IBCs will be totally eliminated 

3. Transferring IBCs to the washing area 

4. Washing IBCs  

Figure 69: Value Stream Mapping for oil transportation by using tank trucks. 

Figure 70: The eliminated activities when a tank truck supplies oil. 
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5. Transferring IBCs again to the internal warehouse 

6. The inventory in the internal warehouse will be minimized 

7. The transportation for the fourth time by forklift trucks to the production lines 

 

According to the Swedish Transport Workers' Union and Road Transport Employers Association 

(BA), there are regulations and general principles that should be followed:  

 

Unloading area 

Unloading area should be: 

 Easily accessible, but protected from unauthorized access 

 Protected from the weather variations, wind, rain etc. 

 Large enough so that vehicles have enough place that fits with different vehicle sizes 

 Free from dents and bumps, to facilitate any cleanup  

 

Stormwater drainage 

 Stormwater drain should preferably not exist in the unloading area otherwise it must be 

covered with special drain covers, drain plugs, silt fences, erosion control barriers and many 

more 

  Oil absorbents for different applications should be available 

 

Ground surface 

 The ground surface should be horizontal so that the tank trucks can completely be emptied 

and the vehicle is not able to roll away 

 The ground surface should be resistant to the products that may leak during unloading 

 

Coupling 

 Short distance between unloading and filling tube in the coupling to make it easier for the 

tank truck operator to monitor the unloading  

 The risk decreases for passersby to walk and step on the hose and the other vehicles drive 

over the hose and damage it 

 Free walkway should exist between the tank truck and coupling  

 

Building structure 

 Enable the vehicle to unload the cargo so that the free-height is at least 6.5 m 

 The loading equipment must be adaptable to different vehicle height 

 Illumination shall be good to facilitate that the work to be done safely 

 

Safety 

 Alarm procedures should be adjusted, preferably in both languages, English and Swedish 

 Safety shower, eye wash, and water for irrigation should be available in the unloading area  

 The water in the emergency shower should be tempered and warm 

 Equipment for cleanup should be available, such as, different oil absorbents for all situations 

and conditions, bucket, bowl etc. 

 Ladders should be available in unloading area if there is a need for them 

 Written instructions for unloading should be available in the unloading area 

 

 

The outside location and the unloading area at GKN plant ís identified in order to find out and study 

the possibilities to implement this transportation mode. Figure 71 on the next page shows  the area 

that is used to load and unload cargo. 
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The back side location at GKN plant is utilized for loading and unloading cargo. The layout above 

shows the area including photos that were taken of the location. The figure marked with number one 

shows the arrival area for the vehicles and the way to the loading/unloading area which is on the 

back side of the plant. The forklifts are also moving through this area to transfer the arrived IBCs to 

the external warehouse. The figure marked by number two shows the suitable location that can be 

utilized as a discharging zone because the backside of the building in this location is wide enough 

and close to the production lines in D - factory. The building near this location has an entrance to the 

D - factory as shown in figure 71. The entrance door is marked with a sign that indicates the 

presence of decontamination equipments, and those equipments are placed near to the entrance and 

can be easily obtained. All this means that the outside structure is suitable to implement a new oil 

transportation mode. 

 

It is important to mention that in this area there is a stormwater drainage system and the risk of oil 

leakage in those drains is possible, so it is necessary to use the special drain covers during unloading 

according to the previous regulations. The three locations marked with numbers in figure 71 give an 

idea about how easy the new process will be, because the oil will be discharged smoothly by only 

three visible activities and those three activities are the only activities in this process that need labour 

to monitor the work. Firstly, the arrival of a tank truck  and secondly, the discharging of oil that 

needs only two workers to be in the location, the tanker driver and an operator to check up that the 

filling process is going well and to ensure that the right oil fills and pumps in the right tank.  And 

thirdly, is the last visible activity, where the oil will be filled by the robot in the production line 

which needs only one operator to check up the operation. See Appendix 9.8 that shows photos of the 

outside location. 

1 2 

3 

Figure 71: Layout for loading and unloading area at GKN plant. 
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7. Discussion & Conclusion 

 

This Chapter presents the research contribution with a reflection on the thesis work then 

it follows with a discussion of the synergy between internal and external logistics. The 

Chapter also includes a conclusion of the main results and the answers to the research 

questions, then it follows with a discussion and personal reflection for possible 

improvement, and finally recommendations for further improvement. 

 

7.1 Research contribution 

This research aims to  improve the industrial results according to the academic applications, as stated  

in Section 1.2, so the thesis applies the scientific subjects related to the research topic in the practical 

contribution to solve the identified problems during the project. 

 

 

Scientific application  
 

The research has been focused on risk assessment to identify and analyse potential risks related to 

internal and external logistics, therefore Ishikawa and FMEA have been applied to identify problems 

and assess different hazards in the current- and the suggested  process. The performed research has 

shown how relatively simple to use those two risk analysis tools to formulate new strategies in order 

to reach the goal of this project, which is safety in the manufacturing industry.  

 

Ishikawa acted as the first line for the solution of problems by exhaustively generating possible 

causes. This created a visual illustration of the process and led to an immediate identification of 

possible causes of issues and even gave a better insight into the actual problem, which made the 

problem resolution faster and easier. Further, Ishikawa is an important tool  that helped to speculate 

hazards and facilitates the prediction about the possible problems. Indeed, Ishikawa would give 

better results if it the risk identification was shared with members from GKN because it will involve 

various experiences with various specializations, but anyway the input and the brainstorming 

process depended on information gathered from interviews and different data collection tools, such 

as benchmarking. The outcome of Ishikawa gave the first result in the analysis phase that is used 

later on as input to do  a more advanced risk analysis, which is FMEA. After that FMEA was 

applied for different purposes to identify risks related to quality environment and work environment 

and to how external logistics would affect the internal logistic. Different FMEA provided numerous 

useful information in analysing potential production failures in multiple areas during the 

manufacturing process and gave ideas for improvements. But on the other hand, FMEA required 

significant effort in establishing clearly defined terms and also required significant effort in 

assigning scores to each step which could be wrong because it depends on individual understanding 

of the situation and different opinions. Anyway, the choice of FMEA to analyse risks was 

successful, since it helped in rating hazards that facilitated the prioritization and differentiation of 

risks in this thesis work. 

 

The research also applied another scientific analysations, which are JIT and VSM as stated  in 

Sections 5.5 and 5.6. The application of JIT assisted in defining the non value added activities in the 

process, while VSM tool helped out to indicate and visualize the improvement areas in the existing 

process. Those  Lean tools concentrated on the overall flow, i.e. focused on the system efficiency 

rather than on just the point efficiency of individual elements in the organization.  

 

In general, the application of the academic knowledge in this thesis was used in association with the 

output of  the empirical findings to conclude the final results of this research. 
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Practical contribution  

 
The scope of this thesis research is well- appreciated in the manufacturing industry because of the 

increased awareness regarding safety in manufacturing environment. The research focused on 

investigating the external logistics and the suppliers’ different processes in their own organizations, 

in order to find out a new process to implement or even just improve the currently used method at 

GKN. The thesis presents different proposals for implementing new storage and transportation 

modes that depend on suppliers’ opportunities and what they can provide. Indeed, all of the suppliers 

that GKN is dealing with have the same opportunities, i.e. the suppliers are using the same 

transportation and storage modes. This similarity was a good point that assisted in reaching the 

thesis final result. 

 

Benchmarking contributed in the indication of the first target. After that, the data about the suppliers 

were gathered and analysed, as much as possible. This thesis studied the suppliers various 

possibilities and what they can offer. It was hard to get accurate data about their supply processes 

and even it took longer time than expected to collect the needed data to continue the work. However, 

the thesis has reached its goal even though it is aspired to obtain more accurate information during 

the  progress work. 

 

Four final proposals were accomplished. The first proposal is suggested in order to reduce oil 

vulnerability in low temperatures and both the second and the third proposals are suggested in 

accordance with the requirements of the insurance company regarding fire safety, while the fourth 

and final proposal is presented regarding its efficiency which will fulfil all the desired requirements 

and will fill all the current gaps, i.e. the last proposal will facilitate the achievement of the desired 

goal and even will add value to the product. 

 

It is important to mention that one of the storage and transportation modes which is steel IBC 

seemed to be a good solution in some situations, especially for the storage of  oils consumed in small 

quantities, but this proposal was not taken into account due to supplier's inability to provide it. 

 

 

7.2 The integration between internal and external logistics 

The interaction between internal and external logistics apparently occurred during this thesis work, 

since all the decisions about the improvement of the internal logistic were indirectly controlled by 

external logistics, the legal demand and  even the insurance regulations controlled the internal 

logistics. 

 

The selection of the final proposals was based on the external logistics, i.e. the suppliers' ability to 

provide a new transportation method as mentioned in the previous Section and which types of 

storage they usually offer to their customers. The integration and collaboration are two crucial 

differentiators for a high performed supply chain, where the collaboration depends on the terms of 

common benefit to both supplier and the company that need to build a serious joint work of both 

parties to achieve an effective integration. However, the information was provided by suppliers 

during the thesis work helped directly to the development of this work which is done to improve the 

internal logistics in order to improve the preference of the transportation process. Thus the work 

would not be performed without the collaboration between external and internal logistics. 

 

The implementation of a new transportation mode, such as filling oil by tank trucks, will lead to a 

variety of changes in the company’s internal logistics. For instance, Castrol has their own 

requirements for processing bulk deliveries to Sweden and to fill oil directly into GKN’s tanks, 

because it is a totally different process that needs some preparations from both the supplier and the 

company. For example, the unloading area has to be equipped to fulfil the environmental health and 

safety requirements during discharging. 
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7.3 Conclusion 

The research results depend on risk assessment that identified hazards associated with both the 

existing process and the suggested process, where some hazardous events evaluated and got the top 

priority. This means that hazards that may cause harm to people, property or the environment are the 

most serious factors that controlled the choice of the thesis final result. 

 

Other factors that controlled the final outcome of this work are product quality, cost, inventory and 

the impact of low temperature on transmission oils. The objective of this thesis is to investigate 

options for the logistic supply process for transmission oils and to investigate alternative packaging 

instead of the current containers and also to reduce the inventory.  In addition, the problem of oil 

storage in the warehouse and the low temperatures that can damage some of the inventory in the 

winter is a problem that investigated in this work.  

 

As a means to fulfil the objective of this thesis four research questions were formulated to conduct 

the first methodological steps in this thesis that put the theoretical assumptions in an explicit 

framework in order to integrate theory with empirical. The answers to the research questions 

identifies the specific objectives that addressed in this thesis as follows: 

 

RQ 1: What are the available supply options for oil transportation and storage? 

In order to answer this question,  both the methodological research methods and the theoretical 

materials that addressed in Chapter 3 were applied.  Two of lean tools were applied,  JIT and VSM. 

JIT helped in assessing the wastes in the current process and then those wastes were avoided in the 

new proposals, while the visual map of  VSM helped in giving an overview of the current process 

and facilitated the creation of this thesis result. Risk assessment tools Ishikawa and FMEA 

contributed in the evaluation of  the hazard's occurrence and its possible adverse consequences on 

health, environment and work environment. The output of all those tools contributed in the creation 

of  the answer for the first research question. 

 

 The thesis final result includes four proposals as follows:  

 IBC container warmer 

The company has not equipment to warm up the fluid containers  before using them, therefore the 

first proposal recommends to use equipment for warming up the containers that will contribute in the  

minimization of forklift trucks’ movement in the plant.   

 Development of a cabinet construction  

The cabinet will protect IBCs from potential hazards during production and facilitate pumping of oil 

through IBCs to the oil filling station in the production line. As mentioned before in Section 6.2, it is 

better for the company to keep utilizing IBCs  only for oils consumed in small quantities and 

according to the safety requirements, it is better to minimize the number of used IBCs in the 

production area which will minimize the risk of big fires.  

 Cutoff design for the storage of IBCs in the internal warehouse 

 The cutoff design contributes to separate between IBCs, so that partitions can be used in the racks 

between IBCs to avoid the spread of  a fire to other containers or to minimize the time needed to 

ignite the next container beside. It is also important to build three cutoff walls to isolate the racks in 

the internal warehouse from the production area which will also minimize the time needed for a fire 

to reach the inventory in the internal warehouse. 

 Transportation and filling of oil by tank trucks  

It is an easy door to door delivery for a safely filling up that saves resources and eliminates the non 

value added activities. Implementing this transportation method adds value to the product because 

the filling process increases efficiency of oil handling according to the following aspects: 

 



 

 

63 

 

 Reduces the movement of forklift trucks movement in the plant 

 Reduces operator's movement 

 Reduces inventory 

 Low cost compared with IBC transportation 
 No risk of oil contamination 

 Avoiding change of oil temperature and avoid oil additive separation 

 No change in oil quality  

 Quick loading compared to drums and IBCs  

 No return needed which means reduction of inventory  

 Reduces labour cost 

 Reduces waste 

 Minimizes hazards 

 Larger quantity deliveries, less harmful to the environment 

 Eliminates non added value activities (washing IBCs before use in production) 

 Reduces water waste due to the elimination of the washing activity  

 Complies with law demands and insurance requirement 

 

 

RQ 2: What are the consequences of changing internal logistics on external logistics? 

Not surprisingly, the result from this research showed how strong is the connection between  internal 

and external logistics. The internal and the external logistics look like as there are two different 

boundaries for two systems, thus every system is limited and bounded within its own scope. 

Actually, logistics is about overall development so the internal and the external logistics are 

integrated activities in the logistics network that have various common objectives. Therefore any 

changing in the suppliers’ process results in direct changes in the facility’s internal logistics. 

However, when the supply process changes, so oil handling changes from IBC packaging to oil 

delivery by tank trucks, this will result various changes in the facility, such as inventory minimizing, 

internal transport minimizing (forklifts) and even the worker movement and waste will be reduced  

according JIT perspective. Reverse logistics will also be changed or eliminated totally, since the non 

added value activity of sending back IBCs for disposal or cleaning process will be distinguished.  

It is difficult to distinguish between internal and external logistics, when  oil transportation mode 

changes so the implementation of a new transportation mode will lead to many changes in the 

facility due to the need of implementing suitable equipment to suit with the new process. For 

instance, oil filling by tank trucks needs special circumstances to facilitate the unloading in the plant, 

such as building storage tanks which is not available in the plant, preparing the unloading area for 

tank trucks arrival which need to be coordinated with the suppliers and even equip the unloading 

area with safety tools. 

 

RQ 3: How effective are the different options compared with different requirements, such as 

safety and quality? 

The answer of this research question will address the four proposals in the comparison of quality and 

safety: 

IBC container heater  

Due to IBCs that provide a convenient and economical means to oil transportation between suppliers 

and customer, this proposal does not focus on oil packaging change, instead the proposal focuses on 

the low temperature problem at the external warehouse in winter. Therefore, the safety issue 

regarding IBC vulnerability to ignition still exists. The heaters will eliminate the movement of IBCs 

from the external warehouse to the internal warehouse, i.e. IBCs will be transferred directly to the 

production area, and as a result, this non added value activity will be eliminated. In addition, the 

warming activity will add value to the product, since it will speed up the material flow and minimize 

the lead time which is an important aspect in lean manufacturing. Moreover, this activity will 



 

 

64 

 

minimize the risk of IBC puncture, when forklift trucks crush with IBCs, because the non value 

added activity of forklift movement will be minimized from two steps to only one step, i.e. IBCs will 

be transferred from the external warehouse directly to the production area. The risk of contamination 

will be minimized because the heating jacket will protect the IBC from contaminants in the 

surrounded environment. 

  

Development of a cabinet construction  

A cabinet of course will protect the IBC containers from fire, puncture and contamination, which 

will add value to the product and will minimize the risk of  IBC ignition or even will minimize the 

time needed for a fire to reach the IBC inside the cabinet. A cabinet to protect IBCs is recommended 

regarding fire safety and puncture ability. 

 

Cutoff design for storage of IBCs 

The partitions in the racks between IBCs help to avoid fire spreading to other containers and 

minimize the time needed to ignite the next container beside. Also, the cutoff walls isolate the 

internal warehouse from the production. 

 

Filling oil by Tank trucks 

This transportation mode will minimize the lead time and will eliminate or minimize the following 

non value added activities: 

 Washing IBC before using them in production 

 Reduce inventory  in both internal and external warehouses  

 Eliminate all operations of reverse logistics thus all operations related of empty IBC will be 

eliminated.  

 Eliminate the problem of oil additive separation and building up layers in the external 

warehouse in winter 

 Minimize forklift trucks’ movements inside and outside the plant 

All those previous activities are non value added activities and the elimination or even the reduction 

of those activities will minimize hazards and reduce the risk of oil contamination. 

 

 

RQ 4: How could risk management and Just In Time be utilized to improve the logistic process 

for transmission oils used in the gear industry at GKN Driveline? 

Risk management is the main method that used in identification, analysis and prioritization of 

potential risks in GKN’s logistic process. With the help of risk assessment method and risk analysis 

tools, the most serious risks of major hazards associated with oil storage in IBCs are identified and 

evaluated. Ishikawa diagram is used to identify problems and hazards that may occur in the current 

process and the output from Ishikawa is used as input to FMEA.  

 

FMEA is the main risk assessment tool in this work that has contributed in defining, identifying and 

eliminating the known and unknown hazards and failures in the current process. FMEA is used again 

to evaluate filling oil by tank trucks in different areas in order to create measures of risk to control 

quality, environmental- and work environment performance, if this transportation mode will be 

implemented. FMEA analysis for tank trucks has registered lower RPN numbers for the most of the 

risks compared with the risks in the current process. 

The Lean tool, VSM used to analyse the flow of material in the current process and in the proposed 

solution to visualize both processes and to have an overview over the processes to facilitate the 

company’s decision. JIT is used to identify which stages in the process that don’t add value to the 

product, and to identify waste and losses. All those previous methods and tools showed that the 

recommended  proposal is better than the current process regarding to quality, environment and 

work environment. 
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In addition to quality, environment and work environment, logistics costs can be reduced by 

minimizing risks in the oil handling process and by using the JIT philosophy that strives to eliminate 

the wasteful process. 

 

 

7.4 Discussion for possible improvement 

 

Logistical costs 

In GKN, the current process includes activities of receiving, unloading, washing and then labelling 

IBCs for the GKN’s own inventory management system. More cooperation with suppliers should be 

performed to have common barcode labels which are cross-compatible that allow the entire supply 

chain to use the same code labels. The company and the suppliers should have the same numbers 

and equipment to follow and manage the inventory. This cooperation is about to create a common 

language which is useful for both GKN and suppliers that will reduce the costs by eliminating the 

extra activities in the plant, especially the labelling activity after the arrival of IBCs to the external 

warehouse. 

 

 

Transportation costs 

Transportation costs can be minimized by eliminating unnecessary transportations by finding a 

closer supplier, for instance one of GKN’s suppliers is located in Germany and the shipment is going 

through several transportation stages. IBCs are filled in Germany at their plant then they are picked 

up by GKN’s transport company DSV. DSV transports the cargo by vehicles to the harbour then by 

ferry to Sweden and again by vehicles to GKN plant. A closer supplier will add value to the supply 

chain; reduce the environmental impact and the transportation costs. 

 

 

7.5 Recommendation 

 

For further research and continuous improvement the following recommendations are suggested: 

  

 As theories and empirical results already have shown, it could be more efficient to utilize 

lean principles to eliminate or minimize the risk impact in some cases. Meanwhile, it is 

recommended to get the benefit of both Lean-  and risk assessment tools together in dealing 

with hazardous issues. Especially, when the company is going to make radical changes, such 

as implementing of filling oil by tank trucks.  The most serious risks mentioned in this thesis 

must be investigated further more by a cooperated group from all departments in the 

company, in order to involve various experiences with various specializations in a 

preventative teamwork of potential hazards in the proposed solutions. 

 

 The research work has investigated several transportation and storage modes for oil 

handling, and it is recommended to use a combination of these transportation modes 

regarding the consumption of oil in the plant. IBCs need to be used for oils consumed in 

small quantities, while filling oil by tank trucks for oils consumed in large quantities. If the 

number of IBCs  has been minimized in the plant, due to the utilization of IBCs for only oils 

consumed in small quantities, it will be efficient to use the heating jacket to keep them warm 

and the cabinet to protect them during production. 

 

 The second proposal in this thesis which is the new cabinet construction needs to be 

developed  more to function as required and also to make more safety tests to ensure that it 

the new construction will not harm the work environment safety. 
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9.1 Flammable liquids 

 

 

 

 

 

 

 

There is a precise definition of flammable liquid as one with a flash point below 100 degrees 

Fahrenheit (38 degrees Celsius). Less-flammable liquids (with a flash point between 100 degrees 

and 200 degrees Fahrenheit) are defined as combustible liquids. This definition is used by the 

National Fire Protection Association, The US Department of Transportation, the US Environmental 

Protection Agency, the US Occupational Safety and Health Administration and others. 

These categories are further subdivided, depending on the liquid flash point and boiling point. 

 Class IA flammable liquids have a flash point below 73 °F (the upper end of the common 

range of room temperature) and a boiling point below 100 °F 

 Class IB flammable liquids have a flash point below 73 °F and a boiling point greater than 

or equal to 100 °F 

 Class IC flammable liquids have a flash point greater than or equal to 73 °F and below 100 

°F 

 Class II combustible liquids have a flash point greater than or equal to 100 °F and below 140 

°F 

 Class IIIA combustible liquids have a flash point greater than or equal to 140 °F and below 

200 °F 

 Class IIIB combustible liquids have a flash point greater than or equal to 200 °F 

Source: http://en.wikipedia.org/wiki/Flammable_liquid 
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9.2 Insurance requirements 

 

 

 

 

The following conditions are regarding the presence of IBCs in the plant that required by the 

insurance company 

 

Storage of IBCs  
Locate IBC containers with combustible liquids containers in the following locations listed in 

order of preference.  

a. Adequately detached storage building  

b. Attached storage building (three outside walls)  

c. Cutoff storage building with two outside walls  

d. Cutoff storage building with one outside wall  

 

Cutoff design  
a. Provide interior walls with at least a 2 hour fire resistance for floor areas up to 46 m2 (500 

ft2). For larger rooms, provide 4 hour rated fire walls in accordance with NFPA 221. Where 

larger rooms store only Class IIIB liquids, 2 hour fire rated walls are acceptable in accordance 

with NFPA 30 Table 9.9.1.  

b. Protect interior wall openings with automatic closing fire doors. For 2 hour rated walls, use 

1½ hour rated doors. For 4 hour rated walls, use double 3 hour rated doors.  

 

Consult with Zurich to determine if a building is adequately detached. The separation distance 

depends upon factors such as construction, occupancy, and slope of the ground.  

 

Storage configuration  
Limit storage of containers to floor storage 1 unit high or where stacked more than 1 unit high, 

limit the stack to 3,013 liters (793 gallons). Do not store IBC containers in racks.  

 

Drainage and containment  
It is recommended that the storage room has drainage capable of handling the sprinkler 

discharge, hose stream discharge, and contents of all container contents. If this cannot be 

provided, then containment with foam water protection is an acceptable option.  

Where the option of containment and foam water protection is selected, provide containment 

facilities to hold the contents of all containers stored in the room along with one hour of 

sprinkler/foam plus hose stream discharge.  

 
Automatic fire protection  
Provide foam water automatic sprinklers (k-factor of 161.4 lpm/bar1/2 (11.2 gpm/psi1/2) or 

larger) designed to deliver a density of 24.4 mm/min (0.60 gpm/ft2) over the entire room. Where 

water is used rather than foam water, provide drainage to remove spilled liquids to a remote 

impounding location that does not expose the storage building, surrounding property, or 

responding fire service personnel.  

http://www.google.se/url?sa=i&rct=j&q=zurich+insurance+logo&source=images&cd=&cad=rja&docid=vzMXJXoxvqZtgM&tbnid=uGflPvepFYC-cM:&ved=0CAUQjRw&url=http://www.insurancetimes.co.uk/the-knowledge-live-2013/zurich-insurance/65.sponsor&ei=S3elUYPPE5LP4QTmx4GIAQ&bvm=bv.47008514,d.bGE&psig=AFQjCNEeMC4qN2EwS5oQRjtZHC0i26ioHg&ust=1369884860284235
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Manual fire protection  
Provide manual fire protection in accordance with NFPA 30. 

 

The following information was sent by email as an answer to the questions that posed 

to ZURICH Insurance Services about their requirements regarding building a cabinet 

to store IBCs in it during production. 

 
 

The dispensing or pumping of the IBC fluid from the cabinet to the gear fill station should be of 

noncombustible or metal construction and provided with interlocks for automatic shut down in a fire 

event. The interlock can be arranged as per the following:  

 Arrange for the fluid to drain back into the IBC when not dispensing.  Gravity flow is 

acceptable. 

 Provide an automatic interlock with the fire alarm system to shut down dispensing  

 Provide a local automatic fire/heat detection device with interlock on the dispensing for 

local shut down  

The cabinet should have a UL, FM or other recognized testing certification for fire rating. 

 

Regarding the storage of 30 IBCs in C-factory and 34 IBCs in D-factory with C and D structures 

located close to each other is a serious challenge to both facilities because of the fixed fire protection 

systems (sprinkler protection) are not expected to extinguish a fire involving combustible liquids in 

plastic IBC containers. In a fire event, it is expected that the fire will continue to burn until all 

liquids are consumed. If an ignition begins in the area for some reasons, this will likely result in the 

total loss of both structures  
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9.3 GKN Drive line Köping layout 

Layout  for GKN Drineline Köping shows the plant two parts, C-shop and D-shop.   
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9.4 Racks in the internal warehouse 

 

This figure shows the internal warehouse where IBCs are stored on the other side. 

The IBCs are stored near to the production area in the C-shop. 
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9.5 Production line  

 
Photos for a production line that show where the empty and the used IBC are placed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Movement of employees and forklift 

trucks to transfer IBCs. 

An empty IBC occupies place in the factory 

floor until it will be transferred to the 

warehouse and then picked by another 

company for recondition or disposal. 
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9.6  Scanning system 

 
The scanner is hung on the stand as shown in the left of the photo.  It is used to scan the barcodes on 

both IBC and the nameplate on the stand in order to match them together and to secure that no 

exchange between oil containers will happen. 
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FSV Series 
 Effective Spring-Loaded, Snap-Acting 

      Oil Supply Shutoff Mechanism 

 Steel-to-Steel Seat 

 Carbon Steel Construction With 

     Key Components of Stainless Steel 

 Low Maintenance-Low Cost, the Direct 

     Replacement for More Expensive Valves 

 Ideal for Use With Murphy’s LM300 and 

     LM2000 Oil Level Maintainers 

 For 1/2 or 3/4 NPT Inlet/Outlets 
 

9.7 Fire Shutoff Valve 

 

 

 

Fire  Shutoff Valve  
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9.8 The plant outside view 

Photos of the plant outside area. Those photos were taken to study the possibility to implement the 

oil transportation process by tank trucks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


