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Abstract 
Risk can be viewed as a state where there is a possibility of a loss but also a hope of gain. To 
realise the existence of a risk, one must be aware of both the gains and losses incurred. 
Increased number of natural disasters and companies having global supply chains to a higher 
extent, are both factors which have increased the number of risks that can affect an 
organisation’s supply chain negatively. This fact has made it even more important to focus on 
risk prevention. In the beverage industry market, characterized by fast-moving products, 
manufacturing companies like Coca-Cola Enterprises Sweden (CCES) can be highly affected 
if disturbances occur in their supply chain.  

Risk management is, according to ISO 31000, “coordinated activities to direct and control an 
organization with regard to risk “. A risk management processes therefore aims at mitigating 
negative impact of external and internal disturbances in order to avoid interruptions in 
production, product quality issues and financial losses. CCES’s control over internal 
processes and its disturbances is mostly based on reactive approaches rather than a proactive 
strategy and there exist no guidelines of how to identify and handle occurring disturbances. 
The main purpose of the project has therefore been to identify the most critical risks the 
company is facing within their “Source” and “Make” processes, and find both proactive and 
reactive mitigation actions. Another significant part of the project delivery is to present a 
model for how the company should organize and maintain a sustainable risk picture. The 
model aims to present a dynamic risk management process that can be used by CCES as well 
as other companies in the future. 

The project consists of three major phases; Risk Identification, Risk Avoidance Mapping and 
Implementation of a Risk Management Process. In the first phase, the brainstorming tool 
Hazard and Operability (HAZOP) has been used during workshop events for risk 
identification and assessment. Some of the most critical risks identified are; Sabotage during 
transport from supplier to CCES, Lack of spare parts for maintenance, Lost production time 
due to long beverage change overs and Filling bottles with too much beverage. In order to 
find feasible preventive and reactive mitigation actions for the critical risks, both employee 
interviews and the Supply Chain Operations Reference (SCOR) model has been applied. 
Some of the actions recommended to perform are concluded to be; Let suppliers own 
transports, Standardize the product change process and the shift hand overs and Implement 
routines of having locked transports from supplier to CCES.  

The structure of the project has acted as a basis for the recommended way of continuing the 
risk management work at CCES. The authors have identified the importance of keeping the 
risk management process dynamic, and therefore a Risk Register have been introduced for 
documentation and follow-up. Another way of following up the risk management work, is to 
perform Risk Audits after the event of a disturbance. This will help the organisation to realize 
the impact a certain disturbance brings, but it will also measure of the recovery work’s 
effectiveness. The authors highlight the importance of having a dedicated owner of the risk 
management process in order to keep it dynamic. A complete risk management process has 
finally been created, adaptable to different kind of organisations. By making this process a 
part of SCOR, the authors believes that the process can be used to identify individual risks 
within the management processes Plan, Source, Make, Deliver and Return for all SCOR 
member companies. Thereafter, a general risk mapping can be created from the individual 
risks that can be used to share information and experiences among the member companies. 

Keywords: Coca-Cola Enterprises, Risk management process, Risk identification, 
assessment and avoidance mapping, SCOR, HAZOP, Risk Register, Risk auditing, Resilience 
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Sammanfattning 
En risk kan förklaras som ett tillstånd där det finns en chans att vinna, men också en 
sannolikhet för förlust. För att vara medveten om en risks existens måste man därför förstå 
både vad det finns att förlora och vinna. Under de senaste årtiondena har antalet 
naturkatastrofer och annan extern påverkan ökat. Detta i kombination med att företag idag har 
globala värdekedjor i allt större utsträckning, har gjort att organisationer utsätter sig för risker 
till en större grad idag. Därför har betydelsen av att fokusera på riskförmildrande åtgärder 
ökat. I dryckesindustrin, karaktäriserat av snabbrörliga produkter, kan företag såsom Coca-
Cola Enterprises Sweden (CCES) påverkas hårt om störningar sker i deras värdekedja.  

Risk Management är, enligt ISO 31000, ”koordinerade aktiviteter för att styra och kontrollera 
riskhantering i en organisation”. En riskhanteringsprocess ämnar därför förmildra negativ 
påverkan av interna och externa störningar för att undvika till exempel avvikelser i 
produktion, försämrad produktkvalitet och finansiella förluster. CCES’s kontroll över interna 
processer och dess störningar baseras främst på reaktiva åtgärder, och företaget har inga 
riktlinjer för hur de ska identifiera och hantera uppkommande störningar. Syftet med detta 
projekt har därför varit att identifiera kritiska risker inom företagets leverantörs- och 
produktionsprocesser och att hitta proaktiva och reaktiva lösningar för att förmildra och 
undvika störningar. Ytterligare en stor del av projektets syfte har varit att presentera en 
dynamisk process för hur CCES, samt andra företag, ska organisera en hållbar riskbild.  

Projektet består av tre huvudsakliga delar; riskidentifiering, riskförmildrande åtgärder och 
implementering av en riskhanteringsprocess. I den första fasen har verktyget Hazard and 
Operability (HAZOP) används under workshops för att identifiera och värdera risker. Några 
av de mest kritiska riskerna som identifierats är; Sabotage under transport från leverantör till 
CCES, Brist på reservdelar för underhållsarbete, Förlorad produktionstid på grund av för 
långa dryckesbytartider och Fyller flaskor med för mycket dryck. För att hitta passande 
reaktiva och proaktiva lösningar för de kritiska riskerna har både intervjuer med anställda 
genomförts och referensmodellen Supply Chain Reference Model (SCOR) använts. Några av 
de åtgärder rekommenderade att göra har identifierats till att vara; Låta leverantörerna själva 
sköta transporter, Standardisera produktbytesprocessen samt skiftöverlämningar och 
Implementera rutiner för att ha låsta transporter från leverantör till CCES. 

Strukturen av projektet har använts som en bas för den rekommenderade strukturen på CCE’s 
fortskridande arbete inom riskhantering. Författarna vill bestryka vikten av att hålla den 
framtida riskhanteringsprocessen dynamisk och i detta syfte har därför ett riskregister tagits 
fram för dokumentation och uppföljning. Ett annat sätt att följa upp riskprocessarbetet är att 
genomföra så kallade audits efter en störning har inträffat. Detta hjälper organisationen både 
att förstår en störnings påverkan på verksamheten, men fungerar också som ett verktyg för att 
mäta hur effektivt återhämtningsarbetet efter en störning har varit. Författarna menar också att 
en dedikerad ägare till riskprocessen är av stor betydelse för ett dynamiskt, framgångsrikt och 
effektivt riskarbete. En fullständig riskhanteringsprocess har slutligen sammanställts, 
användbar för många olika typer av organisationer. Genom att göra processen till en del av 
SCOR-modellen, kan processen i framtiden användas till att identifiera individuella risker 
inom de fem managementprocesserna Planering, Inköp, Tillverkning, Leverans och Retur för 
alla SCOR’s medlemsföretag. Därefter menar författarna att en generell kartläggning över de 
mest kritiska riskerna inom varje managementprocess kan skapas för att dela information och 
utbyta erfarenheter mellan medlemsföretagen.     

Nyckelord: Coca-Cola Enterprises, Riskprocess, Riskidentifiering, Riskvärdering, SCOR, 
HAZOP, Riskregister, Riskuppföljning, Motståndskraft   
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1  Introduction 
This opening introductory chapter describes the background that the project at Coca-Cola 
Enterprises Sweden (CCES) is based upon. Alongside the background including an additional 
description of the company in question, a problem definition is presented, which subsequently 
leads to the main purpose of this project work. Finally, this introductory chapter is concluded 
by the report structure as well as the delimitations of the project work performed at CCES 
during the fall of 2012. 

1.1 Company description 
The product Coca-Cola™ was invented by a pharmacist named Doctor John Pemberton in 
1886. The Coca-Cola Company, an American beverage corporation and manufacturer, was 
thereafter founded 1892. From producing just one product over 125 years ago, the company 
has today about 500 brands in its portfolio and sells approximately 1,8 billion bottles of 
beverages per day spread over 200 countries all over the world. The company has its 
headquarter in Atlanta, Georgia, United States. The global company operates on a franchised 
distribution system. A system which is dated all the way back from 1889. The Coca-Cola 
Company develops products, marketing and advertisements for its products and sells the 
syrup concentrate, which the beverages is based upon, to bottlers which in return produces the 
finished products. The Coca-Cola Company has nearly 275 bottlers which are responsible for 
producing, packaging, distributing and merchandising the products worldwide. (The Coca-
Cola Company, 2012) 

Coca-Cola Enterprises (CCE) is the world’s third largest marketer, producer and distributor of 
products of the Coca-Cola Company. CCE’s roots go all the way back to the beginning of the 
20th century. The Company first expanded from the U.S. to Europe in 1993 when purchasing 
bottling rights in the Netherlands. In the year of 2010, the Coca-Cola Company acquired CCE 
North American operations. Today, CCE produces beverages in 17 plants situated in Sweden, 
Norway, Great Britain, France, Netherlands, Belgium and Luxemburg. (Coca-Cola 
Enterprises, 2012)  

CCES has its head office located in Jordbro, south of Stockholm. The plant in Jordbro 
produces about one million litres of beverage per day for the Swedish and some of the 
Norwegian market. The number of employees in the Jordbro facility is approximately 750 
people and the Sweden-Norway business unit was formed in 2011 after CCE acquired the 
bottling rights in Norway and Sweden in 2010. However, the factory in Jordbro was founded 
1997 and was previously owned by Pripps. The factory in Jordbro has seven different 
production lines; three PET lines, one glass bottling line, one Tetra brick line, one canning 
line and one bag-in-box line. All production for the Swedish market is located in Jordbro but 
in order to maintain a high supply rate, CCES has sixteen different cross docks all over 
Sweden for transhipment and further transports. (Coca-Cola Sverige, 2012) 

1.2 Background 
The term risk can be defined and explained in many different ways depending on the aim and 
perspective of a discussion. Kaplan & Garrick, 1981 stated that a risk is an uncertainty 
combined with damage or a loss. They mean that something that is uncertain does not have to 
incur a risk; however, if an event is considered as both uncertain and a loss is included, it can 
be defined as a risk. The Society for Risk Analysis (SRA), 2012, defines a risk in the 
following way: “The potential for realization of unwanted, adverse consequences to human 
life, health, property, or the environment…” As understood from this definition risk is a non-
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desirable state, which is something other authors do not agree with.  Risk can be viewed as a 
state where there is a possibility of a loss but also a hope of gain (Kahn & Zsidisin, 2012), 
since one would never jeopardize the loss if there were no chance of a win. To realise the 
existence of a risk, one must be aware of both the gains and losses incurred and therefore a 
risk can be considered as individual and relative to the observer (Kaplan & Garrick, 1981).  

Because of the argument that a risk is perceived differently depending on the observer’s 
experiences and objectives, it has become increasingly important in organisations to create 
awareness and gain information of potential risks. Also due to the increased number of natural 
disasters and terrorist attacks during the last decades, combined with companies having 
globally supply chains to a higher extent, the number of risks that can affect an organisation’s 
supply chain have increased (Thun & Hoenig, 2009). This fact has made it even more 
important to focus on risk prevention. If a company lack of knowledge about either the losses 
or gains a project or an investment can bring, the risk cannot be estimated which can result in 
major losses (or in best case create gains) for the company. To give a picture of which 
consequences weak risk awareness can bring, Ericsson’s single sourcing of radio frequency 
chips is a good example. Their only supplier of the chips was Phillip’s plant in Albuquerque 
in New Mexico. In March 2000 storms hit New Mexico, causing power failures resulting in a 
fire in the sterile production room, which ruined millions of chips. Ericsson totally lost US$ 
400 million dollars due to lost months of production (Cousins, Lamming, & Lawson, 2008). 
Identifying risks is the very first step of a risk management process (RMP) and it means 
creating awareness of all potential risks a specific project or activity can bring (Kahn & 
Zsidisin, 2012). If Ericsson would have been aware of the potential risks of sourcing from a 
single supplier, they could have created a plan of how to avoid that the event occurred or 
mitigate its consequences.  

Subsequent to risk identification, an assessment of the risks concerning their probability of 
occurrence and the extent of the adverse effect on the entire business ought to be carried out 
(Kahn & Zsidisin, 2012). This can be done through a quantitative risk analysis. According to 
Kaplan and Garrick (1981) the quantitative assessment ought to answer three questions; 
“What can happen?”, “How likely is it that that will happen?” and “If it does happen, what are 
the consequences?”. In the risk identification the first question is answered by finding the 
different scenarios of an event, and the second and third questions are answered by finding the 
likelihood and the consequences of each specific scenario. Some authors (Dani, 2008), 
(Christopher & Peck, 2004) state that risk is the probability times the impact. This is 
something Kaplan and Garrick (1981) do not agree with. A risk that has a high likelihood 
(probability) might have minor consequences (impact), and the total risk assessment of such a 
scenario can be judged as low. Concurrently, the opposite situation can also result in low risk 
score.  

A great problem with evaluating a risk scenario by multiplying the factors probability and 
risk, is that risk assessment of major natural disasters or great disturbances such as the one 
with Ericsson, can easily be misjudged. The event at Fukushima nuclear power plant in Japan 
is another example showing that misjudging risks can create catastrophic outcomes. The 
likelihood of a disaster like Fukushima happens is minimal; risk calculations on the likelihood 
of reactor accidents have been estimated by an institute in Germany to one accident every 
250 000 years (Hagman, 2011). Even though the consequences of such an event are 
catastrophic, the impact gets hidden behind the low frequent number of the probability 
(Hagman, 2011). This way of assessing risks gave a low total risk score to a nuclear failure at 
Fukushima, and if analysts would have assessed the risk with more focus to the actual impact, 
more preventive action would probably have been taken. 
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The importance of an organisation’s ability to manage risk gets clearer by learning from 
disasters such as Fukushima. Independently if the consequences of a risk are of hazardous 
type, like Fukushima, or if it causes disturbances in customer delivery and financial losses, 
like Ericsson, an organisation must have the ability to understand and manage the risks 
incurred of running the business. A successful company cannot be run without taking any 
risks, but to be able to take those, risk calculations must be performed continiously (Hopkin, 
2012). Hopkin further states that risk management is not about trying to make the risks 
disappear by control and mitigation strategies but the ability of management to learn taking 
risks and accept failures.  

Risk management has its origins from the insurance management function in United States. In 
the 1950’s, organisations started realize that insurances were not enough coverage, and that 
the protection of properties and people were not covered. In the 1970’s the concepts of risk 
financing and risk control evolved in Europe, and the concept of total cost of risk became 
established. The Institute of Risk Management (IRM) has one of the most established and 
widely spread standards for risk management, which was developed in 2002 in corporation 
with Airmic and Alarm (Hopkin, 2012). IRM defines the concept of risk management as: 
“…the process which aims to help organisations understand, evaluate and take action on all 
their risks with a view to increasing the probability of their success and reducing the 
likelihood of failure” (IRM, 2012). The International Standards Organisation (ISO) has also 
developed a standard for risk management, ISO 31000, “Risk Management: Principles and 
guidelines”, which was published in 2009. According to ISO 31000, risk management is 
explained as “coordinated activities to direct and control an organization with regard to risk” 
(ISO, 2009). Both the ISO and IRM standards focus upon pure risk management and its 
belonging process and framework, whilst other established standards such as COSO ERM 
(2004) and CoCo (1995) are more focusing upon internal control and having a risk-aware 
culture (Hopkin, 2012).  

In a fierce and competitive business environment, like the beverage industry market, 
characterized by fast-moving products, manufacturing companies like CCES are forced to 
manage their supply chain in order to be able to respond to customer demands. Risk 
management processes aims at mitigating negative impact of external (risks occurring outside 
the organisation’s supply chain, e.g. natural disasters) but also internal (risk within the own 
supply chain, e.g. demand-, supply- and process related risks) processes and tries to handle 
certain risks within a company’s supply chain (Thun & Hoenig, 2009). Consequences of 
supply chain disruptions might be financial losses, a negative corporate image or a bad 
reputation eventually accompanied by a loss in demand as well as damages in security and 
health (Jüttner, Peck, & Christopher, 2003).”.  

1.3  Problem definition 
Companies like CCE, with all its factories in Europe, have to offer a great range of different 
products within the Coca-Cola Company brand in order to satisfy customer demands in many 
countries with diverse preferences. This leads to higher vulnerability of an impact in the 
supply chain due to the high complexity (Harland, Brenchley, & Walker, 2003). Thun & 
Hoenig (2009) consequently express efficiency and complexity as key drivers in supply chain 
risks. This extensive interconnectedness with different parts of the value chain, from suppliers 
to customers, makes companies more vulnerable to disturbances. However, if companies 
cannot handle their external and internal disturbances, it might lead to interruptions in 
production and could also bring issues to product quality. The delivery of a product to a 
satisfied and happy customer is the essence for every business and should not be effected by 
poor risk management. Additionally, not being able to manage the suppliers with regards to 
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delivery time and quality of raw material will also contribute to the entire value chain. (Thun 
& Hoenig, 2009)   

Today, CCES do not have any risk management strategy to handle internal and external 
disturbances occurring in its supply chain activities. CCES’s control over internal processes 
and its disturbances is based on a more reactive approach than a proactive strategy and there 
exist no guidelines of how to identify and handle risks and their impact upon the business. 
Information and data from previous production disturbances, such as breakdowns of 
machines, are collected through a process monitoring tool entitled LineView. However, no 
documents showing various impacts and its connection to actual costs exist. Since CCE came 
into the position as owners of the Jordbro factory within its organisation, the business has 
become more cost-conscious and production line utilization oriented, but does not manage 
occurring disturbances by similar measures. Daukant and Hirst, 2009 means that risks should 
be identified at respective levels in the organization and thereafter a process should be created 
to address these risks and disturbances. Furthermore, companies should have a documented 
risk management policy and formal roles to perform a systematic risk management process.   

1.4 Purpose 
The main purpose of this report is to identify and map the internal disturbances at CCES. The 
central objective will be to identify the most critical risks within supply and production 
processes and then find strategies of how control and manage disturbances when, or 
preferably before, they occur. CCES production process progress is today evaluated on a 
number of key monitoring parameters. By having a good control, awareness and ability to 
manage the most critical risks in the supply chain of CCES, the intention is to improve the 
progress of these key parameters. Another key purpose of the project is to give 
recommendations on which risks and mitigation actions to prioritize and put most focus upon.   

Since risk management is an on-going process, not just a process performed once, is it 
important for CCES to know how to continue working with risk management. Since the risk 
situation is changing from year to year, it is of high importance to always be aware of the 
most critical current risks in order to prioritize work and find specific focus areas. Therefore, 
a significant part of the project delivery will be to introduce a risk management process where 
the authors will present a model for how the company should organize and maintain a 
sustainable risk picture. The model aims to present a dynamic risk management process that 
can be used by CCES as well as other companies in the future. 

1.5 Report outline 
The following section of the introduction chapter will give a brief overview of the included 
areas and chapters of report related to the project work at CCES.  
Theory: The theory chapter summarizes relevant literature study material that in some way 
affected the project work’s process and development. The theory chapter also includes 
information applicable to the risk management process which the project aims to produce as 
well as explanations of tools used in order to perform a risk management process at CCES. 
Additionally, the theories are interrelated to the facts needed to be investigated for the 
project’s results. 
Methodology: This chapter describes the research methods and approaches used in the 
project work in order to achieve results in accordance with the purpose. The chapter describes 
the chosen research methods which have been used for collection and processing of current 
state information as well as information to be used for creating project results. Finally, the 
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methodology chapter is concluded with a description of the choice of working structure and 
the various stages within the project.   
Empirics: In this chapter, the empirical findings are presented, which describes the current 
situation within CCES regarding the organisation, internal production processes as well as the 
associations to suppliers. Moreover, this chapter includes summaries of interviews performed 
during the risk mitigation stage of the project.  
Results: The result chapter present the most important findings in the project. Firstly, results 
regarding the internal risks as CCES will be presented followed by results gained from a 
comparison between CCES and a benchmarking model. Lastly, a documentation tool resulting 
from literature studies and brainstorming will be presented. 
Analysis and discussion: In this chapter, the authors deliberate the results related to the 
purpose of the project work as well as the problem description for the project. Furthermore, 
the authors discuss the relationship between the outcome and the potential future practical 
conditions at CCES. 
Conclusions and future recommendation: The chapter aims leading the reader to the 
conclusions drawn from the project work based on the results and the discussion made in 
earlier chapters of the report. The chapter also includes recommendations for future work at 
the company based on barriers and limitations of the project work. These recommendations 
are areas where the project work does not address the full extent or areas in risk management 
by which the company should develop further. 

1.6 Delimitations 
• There are many types of risks that can be of concern for a big organisation such as 

CCES. For this particular project, only risks related to the supply side as well as 
process related risks will be investigated and analysed. Some areas of supply chain 
risks have been excluded and will not be analysed in this report: 

o Internal risks connected to demand 
o External risk such as environmental issues 

• The project aims at only focusing on the process related risks from raw material to 
finished product at the end of the production line. Any concerns and risks regarding 
the handling of finished goods at the finished goods inventory will not be included in 
this project. 

• The primary focus for risk identification will be risks affecting the financial result, 
production utilisation as well as service level to customer in terms of on time 
deliveries and product quality. Therefore, risks concerning the work environment with 
regards to employee health and safety will not be of highest focus. 
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2  Theory 
The following chapter describes the theoretical frame of reference that the project work at 
CCES originates from. This theoretical framework is implemented in the project work in 
order to get a more substantial basis for solving the risk management task for which the work 
relates to. The theory chapter will also give the reader a broader understanding of terms and 
concepts which will be applied in the report and that has been a part of both risk identification 
and mapping of risk avoidance techniques. 

2.1 Risks and disturbances 
Risks are often discussed in a negative context and the word risk is often described as an 
undesirable state. As an example, the Society for Risk Analysis (SRA), 2012 describes a risk 
as “the potential for realization of unwanted, adverse consequences to human life, health, 
property, or the environment…”. However, risk does not always result in a negative outcome 
since some risks are taken purely by the hope of a positive outcome. For example, the 
acquisition of a company means major risk taking, but the risk would most likely not been 
taken if there was no chance of a positive effect (Hopkin, 2012). What most authors do agree 
with is that a risk always is a state of uncertainty (ISO, 2009), (Kaplan & Garrick, 1981), 
(Hopkin, 2012). 

2.1.1  Three types of risks 
Hopkin (2012), presents three types of risks that will result in different outcomes; hazard 
risks, control risks and opportunity risks. The first category, hazard risks, can only result in 
negative outcome if they occur and therefore, the aim is to avoid or mitigate the occurrence of 
these disturbances. Organisations have to learn to tolerate these types of risks to a certain 
level and the level of tolerance can be different depending on the company. As an example of 
different tolerance levels towards hazardous risks, the acceptance to theft can vary between 
different retail stores. In a jewellery store the acceptance to theft is much lower comparing to 
a supermarket, and due to the jewellery stores low theft tolerance they have most likely put 
more money on security than the supermarket has (Hopkin, 2012). Control risks can be 
explained as risks where the outcomes contain a degree of uncertainty. For example in 
different types of projects, there is always a level of uncertainty incurred; on time delivery 
and budget are just two out of many.  In order to manage control risks, there has to be a clear 
coherence between anticipated outcome and actual result. The third group of risks explained 
by Hopkin (2012) are opportunity risks. The example of an acquisition of a company 
described earlier typically falls into this category since it is a deliberately taken risk with the 
hope of a gain. Entrepreneurs are a category of people that usually seek opportunity risks. 
Table 2.1 describes the three risk categories in an example of computer risks (Hopkin, 2012). 

Table 2.1 Example on three categories of computer risks  

Type of risk Risk event Outcome 

HAZARD Virus infection  Negative  
CONTROL Upgrading of old software  Uncertain 

OPPORTUNITY Installation of new software Intentionally positive, but can also be negative 

2.1.2  Categorisation of disruptions 
As described above, different types of risk are important for an organisation to consider and 
especially the hazard risks are important to be aware of since they always have a negative 
outcome. The disruption these hazard risks might result in can be caused by a number of 
different factors, which can be divided into four categories (Hopkin, 2012); 
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• People: Disturbances occurring can be the result of lack of the right competence, 
absence of employees or wrong number of staff, wrong mental attitude of people (for 
example breaking rules, sabotage and laziness) or personal accidents or injuries. Also 
lack of good leadership and poor company culture falls into this category. (Toma & 
Alexa, 2012), (Hopkin, 2012)  

• Premises: If physical assets are stolen, lost or damaged, it might result in major 
disruptions for an organisation. Furthermore, insufficient or inadequate access to 
premises, as well as damage or contamination of premises can also be risks where 
the company needs to carry out actions in order to avoid or mitigate their negative 
outcome. (Hopkin, 2012) 

• Processes: Information not carried out properly and lack of communication are 
both processes that have to work properly in order to avoid process risks. Other 
process risks are failures in transport, production or software systems. (Hopkin, 
2012) 

• Products: Failure of suppliers can cause disturbances both in terms of late 
deliveries or poor product quality. (Hopkin, 2012) 

All the four risk categories above are said to be internal, which means that they have their 
origins from events occurring within the business enterprise. On the other hand, external risks 
are caused by events occurring outside the business enterprise, and are therefore difficult to 
control. In supply chain risk management the business enterprise is defined as the entire 
supply chain, and all activities occurring within a company’s supply chain do therefore belong 
to the internal environment (Thun & Hoenig, 2009). Internal risks can be forecasted and their 
probability is possible to determine, whereas the likelihood of external risks are very difficult 
to predict and impossible to forecast. External risk can for example be natural, political or 
legal factors and regulations, as well as terrorist attacks, wars, competition or international 
health issues. (Toma & Alexa, 2012). Generally, external risks are said to have a lower 
probability than internal risks but that their impact often causes more severe consequences 
(Thun & Hoenig, 2009).  

The internal supply chain risks can be categorized into three major components depending on 
where in the supply chain the disturbance occurs; supply side risks, company related risks and 
demand side risks; see Figure 2.1 (Kersten & Blecker, 2006). Everything within the 
crosshatched area can be considered as internal supply chain risks, and the external threats are 
visualized in the figure as environmental risks.  

 
Figure 2.1 Sources of risks within a supply chain (Kersten & Blecker, 2006) 

Kersten & Blecker (2006) presents a result from an empirical study performed at a number of 
different manufacturing companies. The companies where asked to assess the impact and 
likelihood of different risk sources on a scale from zero to four. In Figure 2.2 the result of the 
study is presented, and it clearly shows that the internal supply chain risks for a 
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manufacturing company are more critical than the external (environmental) factors. The 
figure also shows that the supply side risks are of most concern in the industrial sector, 
comparing to the other three categories.  

 
Figure 2.2 Criticality of internal and external supply chain risks for manufacturing companies. (Kersten & Blecker, 
2006) 

2.2 Risk management 
As learned from the background in Chapter 1, there are a wide range of definitions of risk 
management defined by institutes in terms of standards. The Institute of Risk Management 
(2012), means that risk management is a process with the aim to increase the probability of 
success and reduce the event of a failure, and the process of risk management will be further 
explained in this chapter. In order for the process to work properly, the risk management 
framework has to be clearly defined, which means that the organisational arrangements and 
foundations of the risk management must be set.  

2.2.1  Importance of risk management 
During the last decades it has become increasingly important for companies to consider and 
take actions upon risks appearing both internally and externally. The global financial crisis 
and a number of severe natural disasters are just some reasons why organisations need to be 
prepared for disturbances (Jüttner & Maklan, 2011). Today, organisations are more dependent 
on actors on a global marketplace, since sourcing from other countries as well as having a 
global customer base has become more common. This in combination with higher 
expectations and demands from stakeholders, ease of communication and spread of 
information has made it increasingly important for many companies to consider a risk 
management approach in their organisation (Hopkin, 2012). Kersten & Blecker (2006) have 
listed factors that today causes higher vulnerability of the supply chains and has therefore 
driven the importance of supply chain risk management: 

• Global supply chains 
• Reduced inventory holding (lean principles) 
• Centralised production and distribution 
• Outsourcing and reduction of suppliers 
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On a more internal company level, there are also important reasons why risk management 
principles should be implemented. The first and most basic objective of risk management is to 
ensure compliance with different rules and regulations set up either by the company itself or 
by the society. Another importance of risk management is to require assurance by having 
internal audits that makes sure that the activities performed are done correctly. If risks have 
been identified and assessed appropriately, the information can be used to support decision 
making. By the support of risk management, operations will be more efficient 
(ease/speed/convenience by which the objective is delivered), processes more effective 
(delivery of required objective) and strategy more efficious (capability to deliver required 
objective). (Hopkin, 2012) 

2.2.2  Risk management framework 
The purpose of a risk management framework is to ensure that risk management principles 
are implemented and integrated all over the organisation and that information retrieved from 
the risk management process are correctly reported. Therefore, the major aim of the 
framework is to create a stable foundation for the risk management work and to design the 
organisational arrangements properly in order to have a clear strategy and a basis for decision 
making across the organisation. (ISO, 2009)  

Based on the risk management framework described in ISO 31000:2009, Hopkin (2012) has 
created a risk management framework that divides the different components of the ISO 
31000:2009 framework into key features. The framework is built up by three main 
components, risk architecture, strategy and protocols, surrounding and supporting the risk 
management process, which are all vital to ensure a successful implementation. In each 
feature, a number of important deliverables have to be defined, such as roles and 
responsibilities, tools and techniques to use, risk strategy and policies. Figure 2.3 is created 
based on the model presented by Hopkins (2012).  

 

 
Figure 2.3 Risk Management Framework (Created by the authors based on Hopkins (2012)) 

2.2.3  Risk management process 
The setup of a risk management process varies between different types of standards; some 
include the risk management process in the risk management framework and does not 
separate them (Hopkin, 2012). A risk management process aims to give the structure of how 
the organisation should control risks, and independently of which standard’s way of 
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presenting the process that is used, most of the existing models gives the same basic work 
structure (Hopkin, 2012). In ISO 31000:2009 the risk management process is described as a 
“systematic application on management policies, procedures and practices to the activities of 
communicating, consulting, establishing the context, and identifying, analysing, evaluating, 
treating, monitoring and reviewing risks”. The Institute of Risk Management (IRM) (2002) 
has presented a model of the structure of a risk management process, which takes all the 
important steps into account in order to have a clear structure for how to work with risk 
management. The model is presented in Figure 2.4. 

 
Figure 2.4 Risk Management Process (IRM, 2002) 

When performing a risk management process, it is vital to first understand the organisation’s 
strategic objectives and the current state of the organisation in order to be able to realize and 
detect risks. When the organisational setup is understood, the risk assessment can be 
performed, which is built up from two major parts; Risk Analysis and Risk Evaluation. The 
first phase of a Risk Analysis is to identify which risks and disturbances the organisation is 
facing. As described by IRM (2002), the risk identification can be performed by introducing a 
number of different techniques, such as brainstorming, industry benchmarking, HAZOP 
analysis, risk assessment workshops and auditing. The overall aim of these activities is to 
recognize activities where the company is exposed to uncertainties and to find the risks 
associated with these activities. Secondly, IRM (2002) suggests that the identified risks 
should be further described in a tabular format where addition information regarding each risk 
is presented. Adhitya, Srinivasan, & Karimi (2009) suggest that the risk description should 
consist of information regarding the possible causes and consequences of each identified risk.  
As a final step of the Risk Analysis, a rating of how critical the risks identified are should be 
performed (Hopkin, 2012). The risk estimation can be performed both quantitatively and 
qualitatively. However, most common is to specify the risks by evaluating their internal 
probability of occurrence and its consequences if the disturbance occurs. The second part of 
the risk assessment phase is to evaluate the estimated size of the risk towards the significance 
it has to the company (IRM, 2002). This evaluation gives the company an idea of how to 
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respond to each identified risk. There are four major actions a company can choose to take in 
order to deal with a risk depending on their internal rating (Hopkin, 2012). Hopkin (2012) has 
suggested ways of how to deal with certain risks depending on their impact and likelihood, 
which are presented in Figure 2.5. Most commonly is to choose either to treat the risk or to 
tolerate the consequences an identified risk will bring. To terminate an activity might be a 
difficult option if the activity is vital for the core operations of the organisation (Hopkin, 
2012). The decision to transfer a risk could be an alternative to take if a third party possibly 
will take the responsibility over the consequences or if the risk possibly could be mitigated by 
buying insurances.   

 
Figure 2.5 Risk response matrix (Hopkin, 2012) 

As a next step of the risk management process, after the identified risks have been reported 
and a decision has been taken to continue, IRM (2002) suggests a risk treatment phase. This 
phase deals with finding controlling activities, mitigation actions and avoidance initiatives 
with the aim to reduce the probability and/or the impact.  

In order to create awareness of the most critical risks an organisation is facing, IRM (2002) as 
well as Hopkin (2012) suggests that the risk work should be reported and communicated 
throughout the internal organisation but also externally towards stakeholders. The company 
board should be aware of the most critical risks the organisation is facing and they should 
secure that the risk management process is followed and structured correctly. Each business 
unit needs to know which risks they are responsible for managing and how to monitor their 
progress in terms of key performance indicators. On an individual level the risk awareness has 
to be communicated in order for each single employee to understand the importance of risk 
management and how their continuous working procedures can be improved in order to 
reduce impact and probability of disturbances.  

Since organisations are dynamic and processes are changed frequently, IRM (2002) means 
that a monitoring phase of a risk management process is of importance. By performing audits 
and process follow ups, it can be assured that the risk management process and the critical 
risks a company is facing are up to date (IRM, 2002).      
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2.3 Supply chain risk management 
In today’s business environment characterized by high complexity and insecurity, 
manufacturing companies are forced to manage their supply chains effectively in order to 
increase efficiency and reactivity. Common and normal complications, for instance supplier 
losses or quality problems of products, make supply chain risk management imperative and 
can be the difference between a successful and an unsuccessful business. Other disturbances 
of greater impact, such as natural disasters in form of for example a hurricane, has identified 
supply chain risk management as a growing issue of importance for all businesses. Companies 
aspire to be as cost-efficient as possible at the same time as responding in an optimal way to 
customer and market demands. For businesses, a general rule is that the more complex a 
supply chain is, the more interfaces are present and the higher the vulnerability will be. (Thun 
& Hoenig, 2009) 

2.3.1  Vulnerability of supply chains 
Supply chain networks are getting more and more complex since the location of suppliers are 
getting increasingly widespread, which causes a higher probability of disturbances within the 
company (Asbjörnslett, 2009). Asbjörnslett (2009) further describes that analysing the 
vulnerability of supply chains networks is a way to decrease threats, manage disturbances and 
improve the network’s resilience. Such an analysis would comprise of establishing the 
relationship between relevant risks and threats and the potential consequences which could 
occur when a risk is recognised. Furthermore, Asbjörnslett (2009) emphasizes that supply 
chains systems ought to be resilient (further described in Chapter 2.5.1) and companies need 
to understand the risks as well as its potential consequences and likelihood. 
The management of an organisation’s supply chain is getting more and more vital for success 
in the implied market for companies worldwide. The pressure of important aspects such as 
reducing product’s time-to-market, increasing competition and reducing costs for 
organisations, makes it important for companies to adapt to an ever-changing market. 
(Cousins, Lamming, & Lawson, 2008) International companies with complex supply chains 
run a greater risk of unforeseen incidents occurring at suppliers. Managing suppliers in order 
to achieve the best possible products for a demanding market is a rising issue for companies 
in modern markets. The level of operations performance has to return to original state, or 
preferably to a better level, after any incident has occurred in the supply chain. (Cousins, 
Lamming, & Lawson, 2008) 
Asbjörnslett (2009), positions his vulnerability analysis approach as being a part of the supply 
chain management. He describes many supply chains to be vulnerable to disruptions since 
management is not completely aware of threats and its possible impact to the supply chain. 
The vulnerability analysis consists of three major parts, the first being to understand the types 
of risks and threats which can occur and the second part to analyse and rank these areas. The 
third and final part of this vulnerability analysis is about understanding how the 
vulnerability’s circumstances, likelihood and potential consequences may be reduced or 
avoided. 

2.3.2  Multiple suppliers to secure supply 
To accomplish the short-and long-term objectives of supply chain management (for example 
productivity improvement, inventory reduction; customer satisfaction and profits 
improvement), tight coordination is needed among organizations in supply chains. For 
manufacturers, the supply (or procurement) function is widely recognized as constituting a 
very important key for improving performances in a supply chain. The results from a study 
performed in 2011 implicated that it is always more profitable to have more than one supplier, 
since multiple suppliers provide higher availabilities rates. (Hajji, Gharbi, Kenne, & Pellerin, 
2011) 
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When a supply base for an organisation is reduced to fewer suppliers, the nature of the inter-
firm relationships have a tendency to change from relatively independent (multiple suppliers) 
to relatively dependent (fewer suppliers). Cousins, Lamming, & Lawson (2008) indicate that 
these decisions can cause many problems for organisations, for example over-reliance on 
suppliers which are not capable of meeting demands. Many companies reduce their supply 
base to cut costs but run the risk of late deliveries, quality assurance and similar 
complications. Depending on organisation’s products and their market complexity as well as 
their impact on the business, companies should choose a sourcing strategy consistent with 
their long-term objectives. For a multiple sourcing strategy, the competition is often based on 
price and is often used to maintain competition in a given market. The buying company will 
have several suppliers to choose from and does often try to balance capacity constraints with 
individual supplier performance when placing order from suppliers. The multiple sourcing 
strategy will maintain continuity of supplied goods or service and will spread the risk of 
running low on supply. (Cousins, Lamming, & Lawson, 2008)  

2.4 Risk identification and risk assessment 
A disruption occurring at a supplier can have implications for the network of transportation 
and logistics services moving material from one factory to another, and eventually delay final 
products delivered to customers. The first step of risk identification is to recognize 
uncertainties and possible sources of disruption to the supply chain operation, both internal 
and external. With globalization and increased outsourcing practices, the number of parties 
involved in the supply chain and the links connecting them have increased significantly. 
Hence, some risks may not be obvious and it is important to have a structured method for risk 
identification to find risk that has not even occurred previously. (Adhitya, Srinivasan, & 
Karimi, 2009) 

2.4.1  Using Hazard and Operability study (HAZOP) to identify supply chain 
risks 

The technique of using HAZOP to identify risks was developed from the chemical industry in 
the 1970’s (Dunjó, Fthenakis, Vílchez, & Arnaldos, 2010), and it has mainly been used in oil 
and chemical industries to detect hazards and operability issues during design and redesign of 
processes (White, 1995). The base concept of the technique is based on the assumption that 
disturbances can only arise if there are deviations from the intended design state (Lind, 
Rossing, Jensen, & Jörgensen, 2010), which can only be true if the system is well defined 
with set parameters for each operation (Adhitya, Srinivasan, & Karimi, 2009).  

The technique is built on the usage of process flow diagrams (PFD) as well as piping and 
instrumentation diagrams to map the process stage by stage. By combining various pre-set 
guidewords with the process parameters, various risks can be identified. As an example; if 
one part of the process flow consists of a pipe carrying gas, the guidewords “high”, “low” and 
“no” can be used to analyse the process parameter “pressure” of the pipe. Questions like 
“what will happen if the pressure in the pipe is too high/too low/does not exist?” can then be 
asked for the purpose of identifying risks. (Adhitya, Srinivasan, & Karimi, 2009) Because of 
the flexible setup of HAZOP, the technique can be adopted to many other process, as well as 
non-process systems, as an analysing tool to identify risks. Adhitya, Srinivasan, & Karimi 
(2009) therefore propose a guideline of how to use HAZOP to identify and analyse supply 
chain risks. 

When analysing supply chains with HAZOP, a supply chain flow diagram (SCFD) is used 
instead of a PFD to represent the structure of the process. The SCFD’s intention is to describe 
the entities (e.g. suppliers, transports, production process and customers) and material flows 
(e.g. raw-, intermediate- and finished goods material) included in the supply chain and their 
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interconnections to each other. The SCFD consists of two main units called physical facilities, 
handling the material flows, and functional departments handling the information flows. 
Figure 2.6 shows an example of the setup of a SCFD for a refinery supply chain. The top part 
of the figure shows the material flow, whereas the lower part shows the departments sharing 
information with each other.  (Adhitya, Srinivasan, & Karimi, 2009) 

 
Figure 2.6  Entities and material flows in a refinery SCFD (Adhitya, Srinivasan, & Karimi, 2009) 

According to Lind, Rossing, Jensen, & Jörgensen (2010), a traditional HAZOP study consists 
of three main phases. The first one is a pre-meeting phase where the purpose of the analysis is 
identified, and information regarding current state is gathered. When step one is finished, a 
clear flow diagram similar to the example in Figure 2.6 should be available and measurable 
process variables should be identified to be able to distinguish a normal behaviour from 
behaviours outside the specifications. In the first step, a HAZOP leader also identifies the 
participants needed for the next-coming steps. (Lind, Rossing, Jensen, & Jörgensen, 2010) 
Preferably, the group created is cross–functional and consists of people with both process-
specific and process-general knowledge (Venkatasubramanian, Zhao, & Viswanathan, 2000). 
The second step is the so called meeting phase where the group is gathered to perform an 
analysis of the possible scenarios that can happen to the entities in the flow diagram, using 
process variables such as the guidewords described by British Standards Institution (2001) in 
Figure 2.7. However, some guidewords might not be applicable to all entities and should 
therefore be excluded. (British Standards Institution, 2001) In the Figure 2.7, examples of 
how the guide words can be interpreted in process industry are also given.  
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Figure 2.7 Typical guidewords for supply chain HAZOP Risk Identification (British Standards Institution, 2001) 

When the scenarios have been identified, the project group should brainstorm about reasons 
why these events might occur and identify possible consequences of the disturbances (Lind, 
Rossing, Jensen, & Jörgensen, 2010). A possible work flow of the examination phase, or 
meeting phase, can look like the one in Figure 2.8, summarized in a British IEC Standard 
(British Standards Institution, 2001). In the suggested examination processes, the overall 
design in the form of a SCFD or a PFD or similarly, is presented to the team, and each 
element of the design is then analysed separately by the use of the guidewords. The aim of the 
workshop is also to identify causes and consequences of each scenario as well as indication 
parameters signing that the scenario is about to happen. (British Standards Institution, 2001) 

Furthermore, the project group can be used for the next-coming steps of the Risk Management 
Process, which is to define risk avoidance- and risk mitigation strategies (Adhitya, Srinivasan, 
& Karimi, 2009). This can be done by the identification of safeguards (further explained in 
Chapter 2.6.2), which are defined as “items or procedures which help to protect against a 
particular deviation” (Adhitya, Srinivasan, & Karimi, 2009). On top of the safeguards 
Adhitya, Srinivasan, & Karimi (2009) explains various mitigation actions (further explained 
in Chapter 2.6.1) that can be defined for each identified (risk of) deviation. The mitigation 
actions may include the usage of safeguards but can also be other actions used to respond to 
and manage the deviation. 



   
   

24 of 108 

Emma Bayer 
Gabriel Öberg Bustad 

 

 Introducing Risk Management Process to a manufacturing industry  
 

 
Figure 2.8 Work flow for risk examination process (British Standards Institution, 2001) 

The last step of HAZOP explained by Lind, Rossing, Jensen, & Jörgensen (2010) is the post 
meeting phase, with the purpose to follow up activities distributed to the people part of the 
workshop group. In the examination phase, the risks have only been identified and its 
expected causes and consequences have been formulized. No risk priority has yet been set, so 
this will therefore be one of the deliveries for the follow-up phase. (Product Quality Research 
Institute, 2012) A method for performing this ranking is explained in Chapter 2.4.2. 

The main advantages with HAZOP are that the model is systematic and more simplistic to use 
comparing to other methods and that it is useful in processes where the hazards are difficult to 
quantify. Product Quality Research Institute (2012) further explains some downsides with the 
model; since the risks are identified from a flow diagram, the entities might be interactive 
which can make the outcomes of identified scenarios behaving differently depending on the 
interactions. HAZOP provides no strategy of how to deal with these kinds of interactive 
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events. Another downside is the lack of a ranking possibility within the method. This has to 
be performed as a separate part of the total risk assessment process. Furthermore, HAZOP 
does not provide a way of how to measure the effectiveness of the safeguards proposed, and 
due to this, additional risk management tools might have to be used in combination with 
HAZOP (Product Quality Research Institute, 2012).   

2.4.2  Assessing risks 
After risks have been defined, the next step is to analyse their criticality in order to determine 
which actions that should be taken further. The assessment phase includes the recognition and 
rating of risks in order to determine the most significant disturbances by which an 
organisation is confronted with (Hopkin, 2012). ISO (2009), describes that the risks should be 
analysed by determining consequences and likelihood. Kaplan & Garrick (1981) agrees, and 
as previously mentioned there are three questions to answer in order to be able to assess a 
risk; “What can happen?”, “How likely is that that will happen?” and “If it does happen, what 
are the consequences?”. ISO (2009) further mean that, most often, a qualitative assessment is 
performed at a first stage, followed by a quantitative analysis if feasible and appropriate. For 
the likelihood (or probability) historical data can be used to perform a quantitative analysis, 
and the consequences (or impact) can be estimated quantitatively by modelling outcomes of 
an event or by performing experimental studies. (ISO, 2009).  

2.4.2.1 Risk appetite matrix 
Independently if the impacts and probabilities have been gather by quantitative, qualitative or 
by both methods, the result must be treated further in order to assess the total criticality of a 
risk.  Hopkins (2012) presents a model called the risk appetite matrix, Figure 2.9, which is 
dividing the identified risks into four zones based on their given probability and impact. The 
four fields in the risk appetite matrix can, according to Hopkins (2012), look differently 
depending on how risk-aggressive approach the company is searching for. However, the 
model presented in Figure 2.9 is a standard matrix applicable for risk-averse organisations. 
The more aggressive attitude the company has the smaller will the area of the critical zone be.   

 
Figure 2.9 Risk appetite matrix for risk averse organisations (Hopkin, 2012) 
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The comfort zone visualize risks that the company feels no fear about taking, and as seen in 
the figure, both very high impact-very low probability-risks and very high probability-very 
low impact- risks belong to this category. Hopkins (2012) means that these kinds of risks 
should be comfortable taking due to their extreme low likeliness or extreme low consequence. 
In cautious zone, unacceptable risks can arise and their level of criticality will grow when the 
concerned zone is reached. Risks rated with both high probability and high impact will fall 
into the last group – the critical zone. As seen in the figure, risks with high impact and 
medium likelihood will also fall into this zone, whereas the opposite combination is seen as 
less critical (Hopkin, 2012). 

2.5 Risk monitoring 
Even with growing indication as well as evidence regarding the negative impact of supply 
chain disruptions, countless organisations struggle to totally assess the negative outcome of a 
disruption. These companies also often under-invest in sustainability competences and more 
concrete monitoring control systems. Since supply chains are exposed to both unintentional 
and intentional actions, which all can vary and evolve over time, a better understanding of 
disruption mitigation and supply chain design strategies is critical. Similarly, this 
understanding of risks is related to continuous monitoring but also follow-up of occurred 
risks. (Speier, Whipple, Closs, & Voss, 2011) 

2.5.1  Supply chain disruption and resilience 
The term resilience can be explained as “the ability of a system to return to its original state or 
to move to a new, more desirable state after being disturbed” (Christopher & Peck, 2004), 
which implies that the more resilient a company is, the better it can mitigate disruptions. Both 
the vulnerability and capacity of a system are factors which affect the resilience, and the 
resilience of a company is determined by factors such as diversity, efficiency, adaptability and 
cohesion (Bhamra, Dani, & Burnard, 2011).  

In order to determine a company’s resilience capability, a disturbance can be analysed in 
terms of functionality loss over time. After the occurrence of a disturbance, the performance 
will decrease, and depending on the company’s resilience capability, the time to return to its 
original state will vary. By visualizing the disturbance and recovery work in terms of a so 
called resilience triangle, see Figure 2.10, the size of the resilience can be quantitatively 
measured by calculating the area of the resilience triangle. The aim will then be to reduce the 
area of the triangle in order to reach higher resilience capability. (Falasca, Zobel, & Cook, 
2008)  

 
Figure 2.10 Resilience triangle (Falasca, Zobel, & Cook, 2008) 

The level of performance in integrated processes for companies should return to the original 
state, or preferably to a better level, when any disturbance occurs in its business, (González-
Benito, 2007). To determine the operations performance, PE, of a company various factors 
can be taken into account. González-Benito (2007) presents two important factors that can be 
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used to evaluate a company’s operation performance, strategic relevance (Wi) and achieved 
performance (Pi). For a supply chain, the most relevant operation performance objectives that 
the strategic relevance and the achieved performance can be derived from are cost (incurred in 
all operations), quality (of the product/service supplied), dependability (on-time delivery to 
reduce customer uncertainty), flexibility (ability to handle changes and disturbances) and 
speed (how fast customers get served) (Slack, Chambers, Johnston, & Betts, 2009).  When the 
two objectives have been evaluated by rating the performance objectives individually on a 
seven point likert scale, the operations performance can be calculated with Equation (1) 
(González-Benito, 2007).  

PE = 5− W! − P!  !
!    (1) 

2.5.2  Internal risk assurance 
When a steady risk management framework and process has been built, it is of high 
importance to make sure that the objectives of the risk management process are being met. By 
performing internal controls within the organisation, follow-ups can be done in order to make 
sure that certain methods and processes are in place and are followed correctly. The aim of 
internal controls are also to support people in achieving tasks in order to meet the company’s 
objectives. (Hopkin, 2012) 

Knechel (2007) discusses business risk audit approach and explains that the role of an audit 
for internal control can be explained in three steps. First, the auditors should respect the 
organisations overall strategically choices. Secondly and most importantly, the auditing 
committee should get awareness of the most critical risks the company is facing so that they 
can analyse how well the company monitors and copes with these risks. Thirdly, the auditors’ 
job is to, based on the analysis in stage two, give the company feedback upon focus areas for 
improvement.  

A model named three lines of control has been created in order to visualize the role of 
different stakeholder in the risk assurance work. The model, shown in Figure 2.11 defines 
three levels of defence within an organisation and the responsibilities each level has. The first 
level of defence, explains that the internal control and managing of risks is primarily 
performed by the management team. The second defence consists of the specialist within risk 
management, whose job is to make sure the management’s responsibilities are fulfilled. The 
third group is the internal audit function, which controls and checks the risk management 
process in order to identify areas where the company works inconsistent and show 
ineffectiveness. (Hopkin, 2012) 

 
Figure 2.11 The three lines of control (Hopkin, 2012) 
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2.5.3  Risk management documentation 
The strategy for risk management should, in excess of the overall risk management structure 
include details of risk protocols as well as handling and responsibilities for control of 
occurring risks and disturbances. The documented risk guidelines should include and define 
the means by which the embedded risk management is to be accomplished in the company. 
Some of the information which often is included is event and reaction planning, physical risk 
control objectives, responsibilities for managers, insurances and authorisation procedures. 
(Hopkin, 2012) One of the main requirements for an effective proactive risk management 
process is to obtain good estimations of the probability of the occurrence of any particular 
disruption and accurately measure and document the potential impact (Dani, 2008). One 
strategic driver of increasing organisational efficiency is to use records management. Records 
management reduces time for looking for information, shares information in an effective way, 
supports risk management planning and identifies how long records need to be kept among 
other things. (Hopkin, 2012) 
The decision-making process is a central element of the risk management system. The 
decisions may involve implementation of measures to reduce or eliminate unacceptable risks 
in the supply chain. Since the existence of a wide range of complex factors and conditions are 
ever present, decision-makers at all levels of an organisation are faced with difficult decisions 
in supply chain events. It is therefore important to provide decision makers with useable, 
reliable and necessary information and data, both current and historical, to guarantee that they 
have taken decisions to their best knowledge. This data and information should be kept and 
updated in structured method to ensure that decisions makers will have a concrete source for 
decision-making when future concerns occur. Documentation of risks and disturbances is a 
vital part of risk communication and a basis for continuous improvements for companies. 
(Mullai, 2008)  

2.5.3.1 Risk register 
A risk register has the purpose of recording information on current controls and provide 
details of intended additional control for risk management for organisations (Hopkin, 2012). 
The use of risk registers has become a customary practice for risk managers and is defined in 
ISO Guide 73 (2009), a guide for definitions of general terms in risk management, as “the 
document used for recording risk management processes and identified risks”. The ISO Guide 
73 (2009) also complements the definition with the purpose of a risk register to be to clarify 
ownership and management of each risk. The risk register will customarily record results of 
risk management related to processes, operations, locations and business units as well as 
projects under consideration. One danger of having a risk register is that it may become static 
and only report risk management issues at a certain moment in time. One reason for this could 
be that senior management may consider attending risk assessment workshops and produce a 
risk register is enough to fulfil their risk management responsibilities to the company and that 
no continuing actions are necessary. Hopkin (2012) declares the importance of considering 
the risk register as a dynamic element and that it should be perceived as a risk action plan for 
the organisation. In addition, it should provide a record of critical controls in place together 
with details of further controls which could be introduced. Some organisations give the risk 
register the status of a controlling document to be used in internal audits as a key reference 
document for risk management activities. Regardless, the information and data contained 
within the risk register ought to be carefully created and considered. For example, the risks 
contained in the register should be accurately defined for its cause, source, event, magnitude 
and impact to the organisation and the particular business. (Hopkin, 2012)  
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2.6 Risk avoidance strategies  
Risk reduction approaches and strategies can, consequently, be characterized according to 
whether they oppose the probability or the impact. In the first category (probability), some 
strategies, such as the Poka-Yoke system (“mistake-proofing” for operators or in processes to 
avoid likelihood of disturbances), aim to prevent a risk from occurring, while others attempt 
to reduce the impact. This category works in a proactive approach in order to avoid risks and 
disturbances from occurring. The second risk reduction classification (impact) refers to those 
strategies and plans focusing on reducing the negative impact of a risk. In other words, this 
classification area focuses upon a reactive approach towards risks and disturbances which 
already has occurred. The power of flexibility to restrain the impact of many different risk 
categories has grown into an important aspect for numerous of today’s companies. (Tang & 
Tomlin, 2008) 

2.6.1  Mitigation strategy – a reactive approach 
There are different mitigation strategies to choose between depending on which kind of risks 
that the company is faced with. Various examples of mitigation strategies when an incident 
already has occurred are, according to Chopra & Sodhi (2004), added capacity, added 
inventory, increased responsiveness and increased flexibility.  

Mitigation capabilities are explained by Craighead, Blackhurst, Rungtusanatham, & 
Handfield (2007) as “the interactions of supply chain entities and the corresponding 
coordination of supply chain resources to return the supply chain to a normal and planned 
level of product flow”. A recovery capability is often considered to be reactive and proceeds 
actions after a disruptive event has occurred to avoid the same type of disruptions happening 
in the future. (Craighead, Blackhurst, Rungtusanatham, & Handfield, 2007) Mitigating 
actions, or reactive methods, for different risks are additional objects or procedures on top of 
any probable existing safeguards which are considered necessary to manage the disturbances, 
according to Adhitya, Srinivasan, & Karimi (2009). Moreover, these mitigating actions might 
include adding an organisational plan to reduce the consequences of the risk when it occurs by 
having response strategies in place. 

2.6.2  Safeguards – a proactive approach 
Kaplan & Garrick (1981) discuss the basic thoughts of safeguards in the form of an equation: 
Risk = Hazard / Safeguards. The equation demonstrates that by increasing the number of 
safeguards the effect of a risk can be reduced. The equation also implies that risk can never 
become zero. Kaplan & Garrick (1981) also discuss safeguards for risks to be an idea of 
simple awareness of risks and is closely connected to a proactive approach for risk 
management. It is therefore possible to reduce the probability of a risk occurring by using 
safeguards, compared to risk mitigation actions which are more related to reducing the impact 
of an already occurred risk. (Kaplan & Garrick, 1981) 
The recovery capability, presented by Craighead et al (2007), is often considered as a reactive 
approach but it could also by regarded as proactive, similar to safeguards, depending on when 
the adaptation to a disruptive event is done. A proactive recovery has been adapted before a 
disruptive event occurred, and has therefore acted as a preventive action with the results of an 
increased resilience. (Craighead, Blackhurst, Rungtusanatham, & Handfield, 2007) 

2.6.3  SCOR 
Supply chain management is the attempt to accomplish order into the complex supply chain 
system. For an organisation to be able to manage the supply network there is a requisite 
among all participants for knowledge about the business characteristics. The Supply Chain 
Operations Reference model (SCOR) is a reference model used as a tool for mapping, 
benchmarking, and developing the operations of supply chains. SCOR provides companies 
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with a basic process modelling tool, an extensive benchmark database, and guidelines on how 
to measure its supply chain operations. The SCOR model has been used as a foundation for 
supply chain improvements since it was first defined in 1996. Since then, several more 
companies, compared to the original around 70 companies, have adopted the SCOR model 
and its methodology. The SCOR model has been highlighted in Sweden during the last couple 
of years and several companies now adopt the SCOR model in their operations. (Persson, 
2011) 

The Supply Chain Operations Reference model is a product from the Supply Chain Council 
(SCC), which is a global corporation with membership open to organizations with focus on 
supply chain management systems and practices. (Suppy Chain Council lnc., 2012) 

2.6.3.1 Supply chain council (SCC) 
The SCC was organised and founded in 1996 by the management consulting firm Pittiglio 
Rabin Todd & McGrath and AMR Research in the USA. The council initially included 69 
voluntary member companies but at the release of the fifth version of the SCOR model in 
2001, more than 750 member companies worldwide were involved in the movement. The 
Supply Chain Council has currently established international chapters in countries and regions 
worldwide. The SCOR model has been developed by the members of the Council on a 
volunteer basis to describe the business activities associated with all phases of satisfying a 
customer's demand. The members of the council also have responsibility for developing and 
maintaining the model for reconstructions and evolving the model to reflect the need of the 
SCC members. (Suppy Chain Council lnc., 2012) 

2.6.3.2 Arrangement of the SCOR model 
The SCOR model is a management tool, covering the supplier's supplier all the way to the 
customer's customer. The SCOR model is made up of three main parts, (i) a modelling tool 
that utilises standardised processes as building blocks, (ii) a set of key performance indicators 
(KPIs), and (iii) a benchmarking tool where companies can compare their KPIs to other 
companies. The SCOR model is therefore a methodology for improvements of a company’s 
supply chain. (Persson, 2011) 

The SCOR model has been established to describe business activities connected to all stages 
of satisfying customer demands. The model contains several sections and is organized around 
the six primary management processes of Plan, Source, Make, Deliver, and Return as well as 
the additional Enable process. The Enable process describes how to implement the other five 
different management processes in the model, shown in Figure 2.12. (Suppy Chain Council 
lnc., 2012) 

 
Figure 2.12 SCOR model with the five management processes (Suppy Chain Council lnc., 2012) 
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The five management processes, shown in Figure 2.12, can be described as follows: 

• Plan: Processes balancing aggregate demand and supply to develop a sequence of 
actions, which best meets requirements for sourcing, production and delivery. 

• Source: Processes procuring goods and services to meet planned or actual demand. 

• Make: Processes transforming product to a finished state to meet planned or actual 
demand (production or manufacturing). 

• Deliver: Processes providing finished goods and services to meet planned or actual 
demand. This process usually includes order management, transportation and 
distribution management. 

• Return: Processes associated with returning or receiving returned products for any 
reason (post-delivery customer support). 

• Enable: Internal processes in the organisation facilitating the company to implement 
the different parts of the SCOR model. Consists of guidelines and rules for managing 
performance and supply chain activities. (Suppy Chain Council lnc., 2012) 

SCOR arrange process details hierarchically in four levels according to Figure 2.13. Each 
level of detail assists member companies in defining scope (Level 1: Top Level), 
configuration or type of supply chain (Level 2: Configuration Level), process element details, 
including performance attributes (Level 3: Process Element Level). Below level 3, member 
companies decompose process elements and start implementing specific supply chain 
management practices. At this stage (Level 4: Implementation Level), companies define 
practices to achieve a competitive advantage, and adapt to changing business conditions. 
Companies implement specific supply chain management practices at this level. The Supply 
Chain Council (2012) has focused on the first three process levels and does not attempt to 
recommend how a specific organisation should conduct its business or tailor its information 
flow. The particular organisation wanting to implement the SCOR practices for supply chain 
improvements should instead extend the model to level 4. The fourth process level of SCOR 
is implemented by using organisation-specific processes, systems, and practices. (Suppy 
Chain Council lnc., 2012) 

The SCOR model is a process reference model intended for effective communication between 
supply chain partners. As an industry standard the model moreover enables inter and intra 
supply chain cooperation, horizontal process integration, by clarifying the relationships 
between processes (for example Plan-Source, Plan-Make). The SCOR model can also be used 
as a data input in order to completing an analysis of configuration substitutes such as: Make-
to-Stock or Make-To-Order. SCOR is used to describe, quantify, and evaluate supply chain 
activities in support of strategic planning and continuous improvements. (Suppy Chain 
Council lnc., 2012) 
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Figure 2.13 SCOR model process levels (Suppy Chain Council lnc., 2012) 

For every management processes, shown in Figure 2.12, the SCOR model comprise a specific 
level 2 process toolkit which covers numerous process categories from suppliers to customers. 
In every process category, propositions for performance attributes as well as best practices 
and parameters connected to specific processes are presented in level three. As an example, 
the Source and Make processes comprises of three different types of internal structures for 
each process. These types are focussed on products which are produced to stock, produced in 
accordance to customer orders or engineered to order. In the Source process, most 
performance attributes are related to the reliability, responsiveness, cost and flexibility of the 
suppliers. In the Make process, which focus more on the internal procedures of manufacturing 
products to customers, the performance attributes relate to similar areas. However, 
suggestions for best practices are dissimilar since the processes focus on different areas in the 
value chain. Within the Source process, suggestions for best practices include agreements for 
an evolved and optimized supplier relationship and collaboration. These agreements are 
mostly concentrating on the supplier’s responsibility regarding the managing of inventory 
levels and transports. On the other hand, within the Make process, suggestions for best 
practices include recommendations for formal training of workforces, paper less tracking of 
process data, approved and accurate work instructions and routines as well as real time quality 
control techniques. Most of these proposals for best practices within all processes in the 
SCOR model can also be connected to specific features which in return can be applied in 
organisations to initiate these suggested best practices. (Suppy Chain Council lnc., 2012) 

As a result of the model’s usage of common definitions and simple structure, it has been able 
to productively provide a well-founded basis for supply chain improvement for large scale 
global projects as well as site specific projects. By managing a common set of business 
problems by a standardized language and metrics, the model accelerate business change and 
improve performance in supply chain management. Although the model covers many parts of 
the supply chain organisation, it does not address every business activity directly or indirectly 
involved in supply chain development, such as sales and marketing, product development and 
research and development (R&D). (Suppy Chain Council lnc., 2012) 
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3  Methodology 
In this chapter the choice of research methods that have been used are explained in detail. The 
description is given to the reader in order to provide a better understanding of the project 
work and its progress. Furthermore, data collection as well as criteria for judging the quality 
of research designs – validity and reliability, are presented and discussed and finally critics in 
contrast to chosen sources and methods are presented. 

3.1 Research methods 
In this section of the methodology chapter, a presentation of the research methods used for 
data collection are given. The data and information gathered throughout the first stages of the 
project work was required in order to have a solid foundation for the upcoming phases of risk 
identification and risk avoidance mapping.  

3.1.1  Quantitative and qualitative methods 
Method theory can be divided into two main categories; quantitative and qualitative methods. 
Olsson & Sörensen (2007) argues that both of these types should be characterized by 
objectivity in order to be reliable. This means that standpoints and conclusions should be 
based on factual arguments, which can vary in the qualitative method. The quantitative 
method examines actual conditions by which data gathering often can be analysed first hand.  

All workshops and interviews performed during the project have been performed 
qualitatively. The qualitative method has been used to get an overall picture of the processes 
at CCES and has been based upon open-ended questions. A negative aspect of the used 
method is that information and data gathered can be biased by personal opinions. Statements 
and conclusions which rather would rest on factual argument can therefore vary in the 
qualitative method. (Olsson & Sörensen, 2007)  

3.1.2  Reliability and Validity 
Reliability and validity are two conceptions usually used when talking about how trustworthy 
and useful collected data and information is. According to Burell & Kylén (2003), to obtain 
data with high reliability it is required that chosen methods are structured in such a way that 
collected material provides constant data. Validity denotes to the usability of the data and 
determines whether it fulfils the purpose of the work. To increase the validity, it is important 
to specify the purpose of the collection. Complications which may be associated with the 
collection of data can be that the material has a high reliability but unfortunately is impractical 
for the work. On the other hand, useful information can be unreliable which in return can 
result in inaccurate and misleading conclusions. The present project work done at CCES aims 
to be as high on the validity scale as on the reliability scale. The importance of high validity 
and reliability was mostly noticeable during the identification stage of the project work. The 
following workshops had a clearly stated purpose in order to clarify the project and probable 
benefits and make the work methods more understandable. 

3.1.3  Literature studies 
In order to obtain a wider and deeper knowledge of the chosen topic areas and anchoring of 
the proposed risk implementation strategies, literature studies related to involving areas were 
conducted. According to Burell & Kylén (2003), a broad basis provides the possibility of 
more reliable and useful conclusions. In order to increase the reliability and validity, sources 
for information have been carefully selected. The collected material gathered from a number 
of diverse areas was later compiled and is presented in the report within the theory section. 
The wide-ranging theories have given many different angles to the project work at CCES, 
which makes the results more objective and reliable. The theoretical section has functioned in 
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a supporting role for the work and much of the report is supported by that material. The 
literature studies have also largely run in parallel with the data collection and the mapping of 
the current situation at the company in order to contribute to a better outcome of the project. 

3.2 Project stages 
This project work at Coca-Cola Enterprise Sweden is based on the current circumstances 
concerning risk assessment and risk management at the company. By understanding the 
current flow of material and information in and around production lines at the company, 
certain risks and disturbances could be identified. The initial phase consisted of an 
understanding of the current situation, which was subsequently initiated by workshops of 
risks in the production processes. Afterwards, a mapping for risk avoidance strategies was 
completed. A last step of the project was to implement a process for how CCES should work 
with risk management dynamically. These stages of the project work are presented and 
visualised in Figure 3.1.   

 
Figure 3.1 Project stages for risk assessment and risk management project at CCES 

3.2.1  Workshops for risk identification  
During the phase of risk identification, several workshops where executed in order to find a 
basis for risks to put further focus upon for later stages in the project. A well founded 
groundwork for risk identification gives a more solid and stable framework when the project 
reaches a more analytical and evaluation phase as well as for the final implementation step 
where specific risks have been highlighted.  

In total, the project included four different areas for workshops and the workshops were 
performed and structured according to the HAZOP method, see Figure 2.8. There are a 
number of methods for risk identification commonly used in process plants; for example 
checklist, what-if analysis, Failure Mode and Effect Analysis (FMEA), HAZOP and scenario-
based analysis. The HAZOP method was selected for risk identification because it is a 
structured and widely-used method, as well as a comprehensive risk identification method. 
When a detailed process description is available and trustworthy, the HAZOP method 
provides a good structure on how to make use of the data and identify risks. HAZOP is a 
systematic procedure with complete emphasising since the disturbances are generated using 
predefined guidewords and relevant system parameters. HAZOP is structured around 
visualizing tools, such as flow diagrams demonstrating the studied process. HAZOP is also a 
versatile approach and the model therefore provides a good basis for risk identification. 
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During the workshops, the objective was to perform an identification and assessment of risks 
with knowledgeable people who could contribute with their knowledge and experiences about 
the particular area of focus. One important emphasis for the participants at every workshop 
was to consider both risks and disturbances which have already happened but also things 
which could happen in the future. No risks were too small or too insignificant to discuss 
during this stage of risk identification. Furthermore, during the workshops, possible causes 
and consequences of the disturbances were discussed and a validation was performed on the 
risks based on impact and probability to find the most critical risks to put further focus on for 
later stages in the project. As stated above, the workshops were divided into four parts or 
areas of focus and involved people directly connected to the specific area in question. The 
highlighted areas of focus were: 

• Material: The raw material of the beverage and packaging of the beverage product 
was discussed. Involved people were persons from the quality department who could 
contribute with knowledge about the specifications as well as demands on control of 
the raw materials from suppliers and at CCES. 

• Syrup room: Mixing processes which occurs before the bottling of the final product. 
Involved people were persons from the syrup room which have different roles in 
making sure that these preparation processes and handling of comprised ingredients 
goes efficiently. 

• Inventory/Suppliers/Transports: Planners for raw material as well as people 
more connected to the production process were present at workshops for areas 
focusing on the transport and storing of raw material as well as how different 
scenarios at the suppliers could affect CCES concerning raw material. 

• Processes: The processes related to the production of the beverage product, such as 
filling and labelling the bottles, were discussed to find and identify risks within those 
areas. The participants were people from areas connected to different production 
processes and maintenance management. 

3.2.2  Risk assessment and impact analysis  
After the first workshops during the risk identification step, an assessment and evaluation of 
risks where performed. The main objective was to find and emphasise the most critical risks, 
identified during the first workshops based on impact and probability on a scale from 1 to 10, 
and to put further focus on these critical risks in this avoidance mapping stage of the project. 
In order to determine the probability and impact consistent throughout all workshops, the 
scale presented in Table 3.1 was used as a guideline for the assessment. 

Table 3.1 Guidelines for probability and impact assessment during workshops 

Probability Impact 
1 Occurs very rarely/have never occurred 1 No or very small effect upon operations 
5 Occurs on a non-regular basis 5 Affects the operations negatively, but not severely 
10 Occurs regularly every day or every week 10 Major effects upon product quality, financial 

result, production pace and/or delivery time 
 

As a valuation tool during the initial workshops, an impact and probability analysis was 
performed for all risks in order to make a clear distinction for risks to further analyse. The 
probability and impact for all risks were handled exclusively, not by its multiple. A risk 
appetite matrix (see Figure 2.9) was created for all four areas where risks where identified to 
make a clear display of what risks to further focus on for this assessment stage of the project. 
The appetite matrix would also function as a beginning for coming phases including avoiding 
the emphasised critical risks as well as implementation of risk strategies at the company.  
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3.2.3  Risk avoidance mapping 
When the critical risks were emphasised and gathered, the project started to group the risks. 
Subsequently, these emphasised risks were grouped in order to reduce the number of critical 
risks in focus. The next phase of the project was to map avoidance strategies for these groups 
of critical risks, which was converted to sixteen risks in total. The mapping of avoidance 
methods and focus areas was completed through small interviews focusing on specific critical 
risks in order to find concrete mitigation actions as well as safeguards. In other words, what 
could be done proactively as well as reactively to manage these critical risks. The 
interviewees for every critical risk, discussed during the specific interview, have deep 
knowledge about its current situation and could assist to find methods for avoiding or handle 
upcoming risks in CCES’s business. The main idea of this avoidance mapping was to lower 
both the impact when a risk already has occurred (reactive approach) as well as the 
probability of risks occurring (proactive approach).  

Understandably, a vital part of the work of finding risk avoidance strategies at CCES was to 
benefit from existing internal company knowledge. With multiple parts and functions 
involved in the project work, data was composed from numerous directions in order to 
provide as comprehensive and accurate picture of the business as possible. More concrete 
personal interviews were conducted during this avoidance mapping step with company 
representatives who were expected to have the best familiarity within the specific area. In the 
present project work, the interviews for mapping risk avoidance strategies according to the 
identified critical risks were primarily of open forms. The interviews, for finding proactive 
and reactive responses to risks, were conducted for the gathering of knowledge. Preparative 
questions were formulated (see Appendix II), not directed to the respondent but more related 
to general questions for how the organisation is and could manage risk. Besides interviews 
focusing on certain critical risks for every interview, some of the critical risks were studied 
and considered according to best practices recommended by the SCOR model. This would 
provide action plans for CCES how to organize its future work for the best possible risk 
management, with special emphasis on the identified critical risks. 

3.2.4  Implementation of risk management process 
As a final phase of the project work, improvements for risk management work alongside with 
recommendations for future work in supply chain and production processes were presented. 
The essential outcomes of the project work at CCES was a process for risk handling according 
to the structure and methods used in the project for future reference at the company as well as 
a documentation of identified risks. Finally, prioritised recommendations for future work at 
the company for organisation of risk management issues were submitted.   

3.3 Source criticism 
The use of HAZOP as the only method for risk identification could be criticized. The method 
can be limiting because of its requirements of high knowledge of the analysed processes and 
the method has some difficulties in bringing in unforeseen risks. This could in return affect 
the reliability of the risk identification process. All workshops were performed with 
employees involved in the specified focus area for the identification step of the project. 
Because of their involvement in the risks discussed during the meetings, certain subjective 
ideas and opinions could arise as well as bias proposals when giving a valuation for every risk 
regarding its probability and impact on a scale from one to ten. This could lower the reliability 
of the risk identification step of the project, according to Burell & Kylén (2003). To obtain 
data with high reliability it is required that chosen methods are structured in a way that 
collected material provides persistent data. If there is a risk of getting a one side perspective 
during the interviews and workshops, this could affect the validity of the results.       
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4  Empirics 
The aim of this chapter is to give the reader an analysis of the current situation at CCES. 
Firstly, the organisational structure and the processes for the Supply Chain Operations 
organisation will be explained briefly, continuing with a more detailed explanation of the 
process that were used as the basis for risk identification. Workshops have been used as the 
major tool for gathering information, both for the current state analysis as well as for the risk 
identification step. The setups of the workshops have been in the form of brainstorming 
events according to a HAZOP structure, and all the information gathered from these meetings 
has been summarized in this chapter. Table 4.1 describes the different workshops and the 
attendants on these events. 

Table 4.1 Workshops and attendants 

Date Name of workshop Attendants 

22/10-2012 Inventory, Suppliers and Transport - Part 1 Ulrika Nogén (Material Planner)  
Jan Ohlsson (Material Planner) 
Staffan L Olsson (Operational Excellence manager) 

6/11-2012 Inventory, Suppliers and Transport - Part 2 Ulrika Nogén (Material Planner)  
Jan Ohlsson (Material Planner) 

24/10-2012 Upstream (Syrup room) processes Carl Pollak (Team Leader Syrup Room) 
Johnny Jonsen (Technician Syrup Room) 
Marie-Louise Olsson (Laboratory Operator)  

29/10-2012 Filling line processes – Part 1  Ola Björnén (Engineering Manager) 
Kristin Orrestig (Production Manager) 

30/10-2012 Filling line processes – Part 2 Magnus Björck (Asset Care Planner) 

30/10-2012 Materials Gina Svensson (QESH Manager) 
Malin Fredriksson (Quality Manager) 
Eva-Marie Jönsson (Quality Coordinator) 

 

The second part of the empirical chapter describes how the best practices according to the 
SCOR model have been used, and compares this with how CCES are performing these 
activities today. This information is used as one of the ground pillars in order to conclude how 
to mitigate or avoid the identified risks most effectively. Interviews with employees have 
been another tool of how to identify ways to mitigate or avoid disturbances.  

4.1 Describing the organisation 
The supply chain operations organisation is responsible for the operations from raw material 
planning and handling to material processing including production of finished goods as well 
as inventory and transportations. There are five main functional areas within the supply chain 
organisation as well as a HR unit and a Plant Controlling unit, see Figure 4.1. Except for 
being responsible for the production on the seven filling lines, the Manufacturing Operations 
department also has the responsibility over material planning, production resource planning as 
well as production planning. This department is also in charge of the raw material inventory 
as well as the syrup room operations; which are described more closely in Chapters 4.2.3-
4.2.4. The Distribution Operations department is in custody of all activities after the produced 
bottles have been put on pallets and distributed to the warehouse. These activities include 
internal warehousing as well as transportation and distribution planning. The Engineering 
department has the overall responsibility over maintenance and spare part coordination, the 
utility and facility services and technical projects and investments. The abbreviation QESH 
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means quality, environment, safety and health, and these are the four areas of the QESH-
department’s responsibility. The aim of the department is to make sure that the supply chain 
operations meet the quality expectations of the customers, that the environmental impact is 
considered in the process and that the safety and health of the employees are not jeopardized. 
The QESH-department is therefore also responsible for new project initiatives that have the 
purpose to improve these activities. The last major ground pillar of the supply chain 
operations is the Operational Excellence, which is CCE’s lean production initiative. The aim 
is to improve the key performance metrics by implementing helpful tools and principles.  

 
Figure 4.1 The Supply Chain Operations organisation at CCES 

4.2 Describing the processes 
Since the project only will analyse the processes from purchasing of raw material to finished 
product, the warehousing and distribution operations will not be further discussed. The 
processes into consideration have been visualized in a supply chain flow diagram (SCFD), 
and this part of the chapter aims to describe the different parts of the SCFD more closely. In 
the SCFD, only the filling processes belonging to one of the filling lines has been visualized. 
However, the flow diagram aims only to visualize the flow of material from supplier to 
finished goods, and due to this, the filling line of consideration can be used as an 
approximation of how the overall process flow looks like. The filling line that has been used 
as an approximation is line S10, which is the newest filling line in the plant. This line 
produces 1.5 litres PET-bottles with carbonated beverage. The line is split into two flows after 
the labelling machine, where one flow is producing single packed bottles, and the other flow 
is producing multi-packed bottles with a plastic shrink wrapping. The reason why this line has 
been chosen as an approximation for the other filling lines is due to three major reasons; 

- Three of the seven lines are producing PET-bottled beverage, which means that there 
is a high representation of these bottles in the plant. Therefore, it was chosen that one 
of the PET-lines should be used as a template.  

- Line S10 has a divided flow into both single packed bottles and multi packed bottles, 
which is representative for many of the filling lines in the plant.  

- There is only one of the PET-lines that has the possibility to change between different 
volumes of bottled beverage. Since this line is under representative (because most of 
the lines can only handle one volume), one of the lines with static volumes wanted to 
be used in the SCFD. 

However, in order to adapt the model so it is not constrained to only analyse disturbances 
occurring at one line, in this case line S10, some modifications have been done. The major 
modification from the real process is the placement of the blowing machine. In line S10, the 
blowing machine is within the linear flow on the filling line, which means that there is no 
buffer between the blowing machine and the filling machine. The other two PET-lines are 
supplied with bottles from a blowing room, which is external to the line. The blowing room 
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consists of four blowing machines, two for each of the lines. The blown bottles are then 
distributed to the lines via air conveyors. In the SCFD it has been chosen to visualize the 
blowing machines as external operations in order to take risks occurring in the blowing room 
into account. Another modification is regarding the products produced and the raw material 
used. Line S10 does not produce either carbonated or un-carbonated spring water, but the in 
the analysis it has been chosen to consider the spring water as an input material as well. The 
SCFD is visualised in Figure 4.2, and in Table 4.2 the different elements of the model are 
described. Elements starting with a 1, for example P101, are unprocessed materials/processes 
performed. Elements starting with a 2 stands for semi-processed materials/processes and a 3 
represents final material/processes. 

Table 4.2 Explanation of elements in the SCFD in Figure 4.2 

 

 

 

 

S101
Atlantic Industries/The Coca Cola 
Company (Concentrate) M101 Concentrate T101 Transport of concentrate

S102 Nordic sugar (Sugar (s) and Sugar (l)) M102 Sugar (l) T102 Transport of sugar (l)

S103
Stockholm vatten via Haninge kommun 
(Munipical water) M103 Sugar (s) T103 Transport of sugar (s)

S104 Haninge kommun (Spring water) M104 Munipical water T104 Transport of CO2

S105 AGA (CO2) M105 Spring water T105 Transport of preforms

S106 Petainer (Preforms) M106 CO2 T106 Transport of caps

S107 Bericap (Caps) M107 Preforms T107 Transport of labels

S108 Constantia (Labels) M108 Caps T108
Transport of shrink/strech wrap 
plastic

S109
Doxa (Shrink wrap/stretch wrap 
transperent plastic) M109 Labels T109 Transport of cardboard sheets

S110 Smurfit Kappa (Cardboard sheets) M110 Shrink wrap transperent plastic

M111 Strech wrap transperent plastic

M112 Cardboard sheets I101 Concentrate

P101 Pasteurization (of Sugar(s) to Sugar(l)) M201 Municipal water, treated I102 Sugar (l)

P102
Cleaning incoming water in a number of 
steps M202 Spring water, treated I103 CO2

P103
Blowing plastic preforms into PET 
bottles M207 Blown bottles I104 Preforms

P201 Mixing input materials in dicon pipes M301 Mixed beverage I105 Caps

P202 Carbonization in tank M302 Carbonized beverage I106 Labels

P203 Filling and capping of bottles M303 Filled and capped bottled I107 Shrink/strech wrap plastic

P204 Labelling of bottles M304 Labelled bottles I108 Cardboard sheets

P205 Single packing M305 Single packed bottles

P206 Multipacking M306 Multipacked bottles

P207 Palletizing M307 Palletized multipack cases

P208 Palletizing M308 Palletized single packed cases

S ‐ Supplier M ‐ Material

P ‐ Process

T ‐ Transport

I ‐ Inventory
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Figure 4.2 SCFD for CCES supply chain processes from supplier to finished goods 
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4.2.1  Purchasing of raw material  
The strategic purchasing of raw material including choosing which suppliers to use for 
procurement of raw material are functions that are maintained centrally by CCE. All decisions 
regarding setup of suppliers and their contracts is upheld centrally and none of these decisions 
are taken on a local level at CCES. To be approved as a CCE supplier, each supplier must 
fulfil a number of demands specified by CCE. Most of the CCE facilities have the same 
suppliers for a certain raw material, which keeps the prices down but also means a higher risk 
if the contract is broken or disturbances occurs. For each material, there is only one supplier 
and working with multiple suppliers in parallel does not exist in CCES. However, for some of 
the raw materials there are a number of approved suppliers but only one actively cooperating 
with CCES. This means that the process of finding a new supplier is not as long as it would be 
if there were no more than one approved supplier for each raw material.  

The purchasing operation performed locally by CCES is the material planning, which is 
executed based on forecasts and inventory levels. The production planner set the production 
plan based on forecasts and actual sales levels, which is communicated through SAP. The 
material planners are then responsible for meeting the demands in terms of having right 
amount of raw materials in inventory. The purchasing signal telling when to order new 
material is based on number of coverage days a certain material has. This means that SAP 
compares the forecasted demand levels with physical inventory levels and calculates number 
of days it will take until inventory runs empty. If the number of coverage days decreases 
below the supplier lead time, the system will suggest to put a new order. However, the order 
request is done manually and is not performed by the system automatically. Since the lead 
time of the different raw materials varies between the suppliers from one day to a couple of 
weeks, some materials are more sensitive to deviations from forecasts than others.  

4.2.2  Transport  
All transportations of raw materials, except two, are maintained by CCES themselves. The 
major advantage of this setup is that a truck delivering finished goods to a customer can fill a 
truck with raw material on its return trip to Jordbro, which decreases both transportation costs 
and environmental impact. Only the transportation of sugar as well as CO2 are performed by 
the suppliers themselves. One of the demands set upon external transports is that they should 
be closed during the entire transportation from supplier to CCES, which means that CCES are 
allowed to deny transports where the sealing has been broken. However, this demand is not 
applied to the internal transportations even though CCE require this routine for all transports.   

4.2.3  Inventory of raw material 
As described earlier, the material planners make sure that the inventory levels are balanced 
between the raw materials. However, there is no specified reorder point in terms of number of 
physical items in inventory for each material, since the purchasing signals are controlled by 
coverage days instead. When an order is arriving to CCES, the material is received by raw 
material warehouse personnel, which follows the routines for receiving of material specified 
and documented by CCES. Included in the routines is to make sure that the amount material 
delivered is consistent with the material order. Another part of the receiving control is to 
make sure that the product has not been damaged during transport. 

The storage of raw material is performed according temperature and humidity specifications 
and there are routines set up in order to control that the temperatures are on the right level in 
each storage room. All categories of materials, such as concentrate, preforms and labels, have 
a certain area assigned to it. However, each item of material does not have a specific 
inventory position, which means that material easily can be mixed up and is difficult to find.  
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4.2.4  Processes upstream 
The upstream processes consist of preparation and mixing of sugar, water, concentrate and 
CO2 so that finished beverage can be supplied to the filling lines. Sugar, water and 
concentrate are mixed in a so called Dicon, which is a pipe with static mixers. The beverage is 
then transported via a pipe to a carbonisation tank where incoming beverage is directly mixed 
with CO2. A part of the upstream process is also to treat incoming water, both municipal and 
spring water, so that they are in line with the specification set up by CCE. Furthermore, the 
syrup room is also responsible for pasteurization of incoming granulated sugar to liquid sugar.   

4.2.5  Filling process 
The seven filling lines do each have a unique setup depending on the type of product 
produced on the line.  As described before, line S10 has been used as the base process in order 
to describe the flow from blowing of bottles to ready to drink beverage packed on pallets and 
delivered to warehouse. Figure 4.3 shows a schematic model of line S10 taken from the 
process control tool LineView. The various process steps titled with numbers in the figures 
are described below: 

1. Incoming preforms are blown in blowing machine  
2. Beverage arrives to line via a pipe and bottles produced in step 1 are filled and sealed 

with caps. 
3. Bottles are moving on a conveyor belt through a labelling machine 
4. The conveyor belt is split into two flows; one moving to single packing and one to 

multi-packing 
5. Bottles are packed in 4-packs or 8-packs. Shrink plastic is wrapped around the bottles 

and heated in an oven in order to get the plastic shrink around the bottles so that they 
form a multi-pack batch.  

6. The single side is supplied with reusable plastic trays in which the bottles will be 
placed 

7. Pallets are built on both single and multi-pack sides according to a specified packaging 
pattern. Robots pick and place the bottles on the pallets. 

8. Finished pallets are marked with a pallet label in order for the warehouse to assign a 
unique position for the pallet in the warehouse and to be able to track the pallets.  

 
Figure 4.3 Schematic picture over filling process flow for line S10 
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4.3 Risk Identification 
As described earlier in this chapter, workshops have been performed in order to identify risks. 
Table 4.1 summarizes the focus areas for the different workshops as well as attendants to the 
events. During the sessions, the HAZOP methodology was applied in order to identify risks, 
and this method is described in Chapter 2.4.1. The information gathered from the workshops 
has been summarized in tabular form, where risks have been identified by the use of different 
guide words. Furthermore, the workshops provided with information regarding causes and 
consequences of the identified risks. During the workshops, all attendants were also asked to 
quantify the probability and the impact of each identified risk on a scale from 1 to 10 where 1 
means very unlikely/very low impact and 10 means very likely/very high impact.  

In total, about 230 risks were identified, which all are presented in Appendix I along with the 
causes and consequences for each risk as well as the quantified probability and impact. 

4.4 Risk mitigation and avoidance 

4.4.1  Interview with Production Manager 
Attendant: Kristin Orrestig (Production Manager), Date: 2012-11-15 

In Orrestig’s role as a Production Manager, she is responsible for the three PET lines S6, S8, 
and S10 where she follows up production parameters both on a daily basis but also more long 
term. During the interview with Orrestig, two critical risks were discussed, see Table 4.3, 
starting with the risk “Lack of hand over between shifts”.  

Table 4.3 Critical risks discussed with Production Manager 

 Risk Cause Consequence 

A Lack of hand over between shifts Not enough time for hand over 
Poor routines for hand over 

MTBF decreasing, MTTR increasing, 
frustration between shifts 

B Filling bottles too much Wrong settings on filler valves Lost beverage 

 

Orrestig explained that each machine responsible should fill in a shift handover document 
after each finished shift, in order for the next shift to be updated on current and previous 
issues, cleaning and inspections performed as well as how much there is left on the production 
run. However, Orrestig means that this routine is followed poorly. Most commonly the 
operators only fill in what issues they have had during the shift, but they do not fill in actions 
they have done in order to solve the problem nor recommendations of actions for next coming 
shift or total lost production time due to a certain problem. Orrestig thinks that reasons why 
they do not have good shift handover documentation could be that the operators are too 
unskilled in finding production data from LineView, but also that the operators most often fill 
in the documents just before they leave instead of doing it continuously during the shift.  
Orrestig means that the shift handover document should be more precise in what is expected 
to fill in, and she suggests to improve it by standardize the document for example by using 
checklists. Furthermore she says that by putting extra focus and pressure on having good 
handover, for example by increasing the number of handover audits performed, it would 
hopefully make the operators more aware of the importance of a good handover. Over time 
this would improve the handover routines and make the shift teams more closely connected.   

Today, there only exist routines for shift handover between line operators. However, Orrestig 
believes that also technicians and team leaders should have similar routines for their 
handover. Orrestig thinks that the technician’s handover should be on a more detailed level by 
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for example including error codes for the issues that have occurred during the shift. She also 
explains that she has implemented informal routines for her technicians’ handovers, but that 
they also are poorly used and on a too undetailed level. A problem with implementing 
handover routines for the team leaders is that often meetings where the team leader from both 
shifts has to be present are arranged during shift handover, which will make it difficult for the 
team leaders to have a good hand over. Orrestig does not believe in an oral handover since, 
from her experiences, a lot of information then is lost.  

To reactively mitigate the consequences of a poor handover, Orrestig means that it is 
important that the receiver of the handover demands that he/she should get it. It should be 
okay throughout the team to give constructive feedback if they do not feel that they have 
received enough information and point out if the routines are not followed correctly. By 
making this easier and more acceptable, Orrestig suggests that operators could change shift 
once in a while in order to get to know people from the other shift better and to reduce 
barriers between the shifts. However, Orrestig also points out that this might be difficult since 
some employees have difficulties to change shifts due to private reasons but also due to 
unwillingness towards changes. 

The second disturbance discussed with Orrestig was the risk of overfilling bottles and thereby 
loose beverage which will affect the financial result. Today, an SPC (Statistical Process 
Control) is performed a couple of times each year according to a schedule, where the filling at 
each filling valve is controlled. On a daily basis, there are controls performed in order to 
control if the bottles are overfilled. Once every half an hour, an operator is weighting five 
produced bottles and reports the number to an electronic document, and the operator 
immediately gets a result if the net content is within specifications. A bottle that should 
contain 150 cl beverage is, according to the specifications, rejected if it reaches a value below 
150 cl. However, the limit for overfilling is not pushed so hard. Usually a bottle never gets 
sorted out if it is overfilled, says Orrestig. Therefore, Orrestig means that the limits for 
overfilling could be tougher and be of higher focus so that the lines quickly can react if bottles 
are filled too much. Since many of the lines have filler valves that are volumetrically 
controlled, Orrestig means that it would be easy to adjust the overfilling by adapting filler 
parameters.  

Today, there exists one report where lost beverage can be tracked, called the yield report. This 
report consists of a big amount of data, but Orrestig thinks it is too unspecific and consists of 
too much unimportant information. She believes that the report could be improved by 
identifying the key parameters in the file and to focus upon their progress. Orrestig also 
highlighted the importance of frequently control overfilling and not just under-filling, since 
just half a millilitre of extra beverage in a bottle result in massive volumes of lost beverage in 
a year. Therefore, she suggested including filling monitoring in the already existing weekly 
distributed quality report. She also suggested to connect this weekly filling report to the yield 
report to easier identify the root cause of a low yield.  

4.4.2  Interview with Material Planners 
Attendants: Jan Ohlsson and Ulrika Nogén (Material Planners), Date: 2012-11-21 

On the 21 of November 2012 an interview session was held with the Material Planners Ulrika 
Nogén and Jan Ohlsson in order to find mitigation actions and safeguards for the risk of 
having late deliveries of material with new design, see Table 4.4.  
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Table 4.4 Critical risks discussed with Material Planners 

 Risk Cause Consequence 

A Late deliveries of caps/labels/plastic 
with new design 

Changes from market not communicated 
with material planners 
Too tightly planned production of 
bottles with new design 

Late deliveries of bottles with new 
design to customers 

 

First, Ohlsson described that the problem seem to appear already at an early stage of the 
implementation of a new design. Market sends out a request to the advertisement firm with 
the proposed idea of a new design of for example a label, and the advertisement firm replies 
with an electronically created proposal. The proposal must then be approved by market, and 
Ohlsson means that this often is a process that takes longer time than originally planned. 
Since the date for delivery to the customer most often cannot be delayed, it means that the 
time between deliveries of material to production of bottles with the new material is very 
short. According to both Ohlsson and Nogén it happens frequently that material arrival day 
and production day is the same day. Due to this, there is no time to check that the material 
arrived is correct which might lead to re-work in production.  

Today, Ohlsson and Nogén works reactively when they know material will arrive late by 
trying to communicate with the supplier to make them arrive with the material earlier. If this 
is not possible, they communicate the delays with production planning who then has to 
reschedule that production run. Ohlsson means that the process of rescheduling production 
and trying to track transportations is very time and resource consuming.  

When asked how they would suggest to improve the process, they had two major things in 
mind; one proactive and one reactive. Firstly, try to decrease number of rounds between 
advertisement firm and market by doing right first time. Secondly, which is a process they 
feel would be easier to implement, is to implement a routine saying that market should be 
responsible for approving all new labels arriving physically to CCES to make sure that the 
material delivered is according to agreed design. Today, Ohlsson and Nogén feel that they 
cannot perform the check of material upon arrival since they have no original design to 
compare the physical label with. Therefore they mean that marketing department should be 
present and approve new material before it is run in production.  When asked if there are any 
barriers in order to implement this, Ohlsson and Nogén did not believe it would be that 
difficult to implement since they have a fairly good corporation with the marketing 
department. However, since there is one person responsible for each brand, the 
implementation of the routine would require acceptance among a big group of people, which 
can be relatively difficult. 

4.4.3  Interview with Team Leader Syrup Room 
Attendant: Carl Pollak (Team Leader Syrup Room), Date: 2012-11-21 

The interview with Pollak was treating the two risks presented in table 4.5 with the aim to 
find preventive and reactive ways to avoid or mitigate their occurrences and consequences.  

Table 4.5 Critical risks discussed with Team Leader in Syrup Room 

 Risk Cause Consequence 

A No incoming water Problems with infusion of water 
(broken pipe etc.) 
Contamination of water 
Contamination of water in spring 

Cannot produce 
Cannot produce BA, have to find 
alternative spring 

B Product change (P2P) is taking too 
long time 

No existing routines telling when 
syrup room should release beverage 
to line 
Lack of communication 

Lost production time 
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Firstly, the risk “No incoming water” was discussed, which is a rather critical risk since it can 
result in stop at all production lines. To make sure that leakages on pipes and pump body at 
the spring do not occur, inspections are performed on a regular basis. Inspections on pipes 
internally in the plant are not performed preventative. Pollak means that most commonly 
leakages are repaired when they are visually detected. However, the equipment and machines 
are going through a visual inspection on a weekly basis, where broken suspension attachments 
that could result in broken pipes should be detected.   

In order to improve the preventive actions in order to avoid running out of water, Pollak 
suggests to overlook the priorities of the supplier (which in this case is the municipality) and 
make sure that CCES is highly prioritized in the event of poor water supply. Pollak also 
suggested that it could be a good idea to overlook which actions the municipality is taking to 
make sure that the water is not getting contaminated (for example overlook which industries 
that are prohibited to be in the proximity of the spring). Another action to prevent 
contamination of the water from the spring is to make sure that routines are followed for 
works performed in the spring and to make sure that the equipment such as gloves and right 
clothes are available, says Pollak. 

A more reactive way to mitigate the consequences of poor water supply, would be to overlook 
the fault finding procedures for water supply from the spring in order to find root causes. 
Today, a fault finding chain is initiated when a problem occurs with spring water supply, 
however, there does not exists a clear routine for how this process could be more 
standardized. Pollak also explained that there exists no clear routines for how the water from 
the spring can be used as a backup if there is poor municipal water supply. Pollak means that 
by overlooking the possibilities to use the spring as an alternative source of water supply, and 
create clear routines of how this could be done, CCES could have a preventive structure of 
how to minimize the risk of poor water supply reactively. By having the routine for this in 
place before something happens, the reaction time and the time to come back to normal 
production could be reduced.   

The second risk discussed with Pollak was the risk of product change-over is taking too long 
time, which results in lost production time. The main identified cause is that no clear routines 
of the releasing of beverage to the line exist and it is also due to lack of communication 
between the syrup room and the lines. According to Pollak, the filling line should always 
“own” the product and ask the syrup room for beverage, but he feels that it does not always 
works this way. Pollak explained that there is a “no man’s land” between the production line 
and the syrup room which results in that the parts blame the other when the product change is 
taking too long time. Pollak has identified that the main reason for this is that the process is 
not standardized, which makes it difficult to investigate the root cause when a process change 
is taking too long time. The standardized process should, according to Pollak, both include 
clear rules of how much beverage that should be scrapped before the first BRIX and CO2 tests 
are taken but also specifications of limit values for BRIX. Today, the syrup room is allowed 
to release beverage to the line if it has low BRIX that are within the limit values, even though 
they know this might result in too low BRIX on the produced bottles. Pollak means that there 
therefore should be more strict specifications just after a product change-over in order to 
compensate for low BRIX. The standardized process should also, according to Pollak, make 
sure that all operations are performed the same way for each product change-over, which 
could be monitored by implementing checklists of the procedures to follow. When the process 
is standardized, Pollak means that a mapping of the process can be performed in order to 
improve the process. The product change consists of three major parts;  
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1. Last bottle leaving filler machine  Time for CIP to start 
2. Time for CIP 
3. CIP finished  First approved filled bottle  

Pollak means that if the individual time for these three events would be tracked, it would be 
easier to identify where the problem occurred, and if the three processes also are standardized 
it would again simplify the process of finding causes.  

4.4.4  Interview with QESH Manager 
Attendant: Gina Svensson (QESH Manager), Date: 2012-11-26 

Svensson is working as a QESH Manager at CCES which means that she has the overall 
responsibility for quality, environment, safety and health in the supply chain organization. 
The two risks presented in Table 4.6 were discussed during the interview with Svensson.  

Table 4.6 Critical risks discussed with QESH Manager 

 Risk Cause Consequence 
A Sabotage during transport No controls of having locked trucks 

throughout the transport (demand from 
CCE) 

Contamination of product, bad product 
to customer 

B Transport does not fulfil specification 
according to temperature 

Lack of routines for temperature logs Bad quality of material, problems with 
materials in machine which causes 
stops on line 

 

Sabotage during transport is one of the identified critical risks. Svensson meant that to 
preventatively avoid sabotage, the best solution would be to have a demand on all transporters 
to always have locked trucks. However, Svensson means that this requires putting a high level 
of responsibility on the third party suppliers that are taking care of the transports not managed 
by the suppliers themselves. It would mean extra difficulties in cases where there are different 
third party suppliers for different parts of the transportation distance. Svensson also explained 
that today, there exists a centrally developed requirement that all transports should be kept 
locked during the entire transport. However, this demand is currently only implemented for 
the external transports that the suppliers are in charge of, which today are CO2 and sugar.  

Reactive approaches towards mitigation of a contaminated product due to sabotage were also 
discussed. Svensson explained that it would be very difficult to detect a contamination caused 
by sabotage because if someone wants to harm the process; it is most likely very discretely 
performed. Therefore, Svensson meant that it would be better to focus upon proactive actions 
such as implementing a requirement of having locked trucks.  

The second risk discussed with Svensson was the event of getting bad quality material 
delivered due to not followed routines regarding temperature on transports. Today, there is a 
requirement that temperature logs, monitoring the temperature from supplier to CCES, should 
be included in each transport of frozen concentrate. However, this routine works poorly today 
and many transports arrive without a temperature log and is still accepted in the receiving 
control. Svensson means that by having clearer demands on the presence of temperature logs 
for temperature sensitive material, it will be easier to reject material that have not been 
transported according to temperature specifications.  Svensson also explained that a proactive 
approach towards this disturbance has been taken. Some materials have to change 
transportation method along the way from supplier to CCES (for example from truck, to train 
and back to truck). This might incur a high degree of non-value adding time when the material 
is waiting to be picked up by another transporter. By restricting temperature sensitive 
transportations leaving the supplier at certain days, the risk that material will wait for long 
periods at places where it can be exposed to high (or low) temperatures for a long time, can be 
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avoided. However, this routine is only implemented for the transport of preforms, and does 
not exist for transportation of other material. 

4.4.5  Interview with Asset Care Planner 
Attendant: Magnus Björck (Asset Care Planner), Date: 2012-11-28 

During the interview with Björck, the identified risks in Table 4.7 were further discussed in 
order to find reactive and proactive approaches toward risk mitigation.   

Table 4.7 Critical risks discussed with Asset Care Planner 

 Risk Cause Consequence 

A Lack of spare parts for maintenance Status controls not performed at right 
time and therefore poor plan for what 
spare parts needed in the future 
Does not follow supplier's 
recommendations of what spare parts 
should be in-house. 

Express order deliveries, expensive 
Longer waiting times to repair 
machines (long MTTR) 

B Leakage of CO2 Broken/leakage on pipes or valves Health risks (alarms does not exist all 
over the plant) 

C Low CO2 on produced beverage Too high temperature, lack of cooling 
No first emptying of tank performed 
due to broken valves or program failure 
Wrong pressure adjustments/Lack of 
routines for controlling pressure and 
temperature 

Have to dump beverage which result in 
high costs  
Lost production time 
Frustration 

D Poor supply of bottles to PET-lines Low MTBF in blowing room 
Bottles get stuck in air conveyors 
Air conveyors broken 

Takes 10 minutes to heat up/start up 
blowing machine after each stop which 
result in poor supply of bottles to line 
and line cannot produce on full speed / 
Extra resources needed if bottles get 
stuck in air conveyors 

 

Firstly, the risk “Lack of spare parts for maintenance” was discussed, based on the fact that 
status controls are not always performed at the right time which results in poor planning of 
what spare parts that will be needed in the future. Another reason for lacking spare parts is 
that the supplier’s recommendations of what spare parts that should be available in inventory 
at CCES are not followed. However, Björck means that it would be difficult to follow their 
recommendations fully, since they often include too many parts in their specification that 
would be too costly to store in inventory. Today, the inventory for spare parts differs a lot 
between different machines – some have a spare parts inventory that covers more than others. 
Instead of focusing on the supplier’s recommendations, Björck suggests an implementation of 
a six years-plan which is a plan for preventive maintenance over the next coming six years. 
This plan should, according to Björck, be implemented for all major machines so that there is 
a clear plan of what maintenance that should be performed and which spare parts that should 
be available in inventory. Björck explains that he has started creating these documents, which 
includes the actions needed to be done each year, the article numbers for each spare part 
needed and the costs incurred. Björck means that an implementation of a six years-plan would 
simplify the budgeting, but also and more importantly, it would be a proactive approach 
towards mitigating the risk of lacking spare parts and it would reduce the number of break 
downs on the machines. Today, there exists a short term maintenance control called CIL for 
cleaning, inspection and lubrication, which is based on weekly planning of maintenance. 
Björck means that this plan should be kept but be complemented with a six years-plan that 
covers bigger maintenance works.  

Two times a year, a bigger maintenance work is performed on each line. In order to prepare 
for these jobs, Björck today created so called status controls in order to identify what is 
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needed to be done during the maintenance job. Since Björck has been over loaded with work, 
he finished the status control only a week before the start of the maintenance work. However, 
ideal would be to have a deadline for the report a month before the starting day so that 
everything can be prepared in time.  

Furthermore, the risk of not having the inventory in house even though the system tells is 
should physically exists in the inventory, was discussed. Björck means that this could be 
another reason why the spare parts needed for maintenance does not exist in inventory. A 
preventive solution to solve this problem would be to have a more reliable maintenance 
system instead of the one used today called DIVA. Björck explains that DIVA is not fully 
synchronized with the SAP system, which can create errors in physical versus system 
inventory levels. There has been discussions to exchange DIVA to SAP PM, which is a 
preventive maintenance system based on the same interfaces as SAP. To prevent 
inconsistencies today, each transaction from the spare parts inventory is reported both in the 
system and manually which means double work for the employees.  

A more reactive approach towards the discussed risk would be to improve the routines for 
how the work is performed if there are missing spare parts when a machine is broken. Today, 
the problem is mostly solved by getting the spare parts with a very costly express order and in 
parallel try to solve the problem by repairing the broken parts. It often turns out that the 
technicians manage to repair the part and the express ordered part is not used. Björck also 
explains that there exists an escalation model of whom to contact and when in the case of a 
break down, but that it is not always followed correctly. Since the competence among the 
technicians cover a great technical range, there is a high probability that someone of the 
existing employees can support to solve a problem, however, the communication between the 
technicians over the shifts is relatively poor, says Björck. By implementing better routines for 
hand over and/or longer overlapping between shifts, the hand over would be more clear which 
could solve existing problems faster and thereby reduce the number of express orders. Since 
there is a language barrier among many of the technicians, Björck believes that oral 
communication would be better than written texts.  

The second risk discussed with Björck was leaking of CO2, which can be a result of broken 
pipes or valves. Since there is a health risk of leaking CO2 among the employees working in 
the plant, it was discussed with Björck how to minimize the occurrence and consequences of 
this risk. As a reactive action, Björck solution was to install alarms in the entire plant. Today, 
only one line is equipped with a CO2-alarm. A more reactive approach would, according to 
Björck, be to have better inspections of the CO2 pipes. Björck explained that there exists a 
requirement centrally from CCE that a leakage investigation on the air pressure should be 
performed by an external firm once a year. Björck suggested that this firm also could 
investigate the CO2 pipes during this yearly inspection in order to easier detect leakages. 
Since the external firm already has the tools and measuring devices needed, it would be a 
good idea to include the CO2 pipes in the inspection.  

Thirdly, the risk of having low CO2 content of the produced beverage was discussed. This is a 
recurring problem that mostly causes disturbances during summer high season when the 
outdoor temperature is high. Björck explains that when the incoming water reaches 20 
degrees Celsius or more, it is difficult to match the pressure on the filling lines since it would 
mean a higher pressure than the machines are built for. When the temperature on incoming 
water is lower, it is easier to match the pressure towards the pressure in the syrup room 
according to existing pressure tables. Björck explained that it has been discussed to cool the 
pipes after each beverage change-over, by introducing a short rinse with cooled water. This 
would minimize the heat transfer from the pipes to the water flowing in the pipes. Another 
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strategy, suggested by Björck, would be to cool down incoming process water before it is 
mixed with sugar and concentrate. Other plants do like this, but Björck is unsure if this 
method is used at all at CCES. Since other countries where CCE plants are situated have a 
warmer climate than Sweden, it would be an idea to work cross functionally and implement 
best practices used by other plants.  

A more reactive approach could be to overlook the process of scrapping all the bottles from 
the filling valves produced on the first round. Today some of the lines have this approach 
since it most often only is the first litre from each filling valve that has too low CO2 content 
and also low BRIX. However, since a lot of beverage and material is lost after each beverage 
change-over due to this, a better approach, according to Björck, would be to overlook the 
BRIX on the beverage released from syrup room. If syrup room always would compensate for 
low BRIX in the beginning by increasing the BRIX released from syrup room, it might avoid 
the need of scrapping bottles in the beginning of each new run, says Björck. 

The last disturbance discussed with Björck, was the event of poor supply of bottles to PET-
lines, which results in lines running on lower speed or stops. The reasons for poor supply of 
bottles can both be a result from low performance in blowing room and problems with air 
conveyors. Björck says that he sees the air conveyors as an area where there is a potential for 
great improvement, especially on line S8 which today is the line that have most issues 
regarding poor flow of bottles on air conveyors. The air conveyors start with parallel feed 
from blowing room and are then merged into one flow. This means that if a fan, gear or a 
frequenter turns broken on the single part of the conveyor belt, the filling line will stop. 
However, the problem can easily be mitigated by replacing the broken part to a functioning 
one that is placed on the double conveyors. This reactive approach will then allow the line 
running on half speed until the broken part is exchanged.   

Line S8 has most problems with bottles getting stuck in air conveyors when they are running 
Coca-Cola™. During this run, there must be an operator available dedicated to push bottles 
further if they get stuck which is, from a resource utility perspective, very expensive. Björck 
means that a better approach would be to try to find the root cause of the problem, and he 
explained about a possible solution to the problem. In his opinion, most possible ways to 
solve the problem have been investigated, except one. Björck explains that by doing a new 
installation and recreate all programs for all types of bottles; he believes the performance on 
S8’s air conveyors would increase. Many of the original settings have been changed, which 
might be a reason for the poor flow existing today. The main barrier of this, which also is the 
reason why it has not been performed earlier, is that it is resource demanding and takes 
approximately 3-4 days/bottle type. During these days Björck approximates that the line will 
have a reduced speed on about 60% of its full capacity. Another possible solution is to 
increase the performance of the lubrication on the air conveyors, which is an on-going project. 
The results from this have not yet been shown. 

4.4.6  Best practices according to SCOR 
The SCOR model assists organisations in all industries to manage a mutual set of business 
problems to its whole supply chain network. SCOR utilises standardized language and 
metrics, as well as common business best practices which develops business progression and 
improves performance within the supply chain. SCOR makes several proposals available for 
CCES to enhance their supply chain activities. The best practices presented in Table 4.8 are 
documented and originates from the thousands of users of the SCOR model. 

As discussed in section 2.6.3, for every management processes, shown in Figure 2.12, the 
SCOR model comprises a specific level 2 toolkit covering various process categories from 
suppliers to customers. In the project performed at CCES, with the focus on risks and 
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disturbances related to supply side as well as process related areas, the two main management 
processes from the SCOR model which are mostly relevant are Source and Make. Source 
which is strongly connected to supply side risks and disturbances while Make is more related 
to in-house process related risks and disturbances within or close to the production lines and 
the activities linked to those lines. During the workshops, these two management processes 
from the SCOR model has been of most interest and focus. In Table 4.8 below, proposals and 
applicable plans for best practices from the SCOR model regarding the Source and Make 
process are presented with the main focus on stocked products. Stocked products are the most 
related area for the products and production process at CCES and have therefore been 
highlighted. 

Table 4.8 Best practices from SCOR model 

Best practice process Proposals from SCOR model 

Source 

 
• Vendor Managed Inventory (VMI) agreements allows suppliers to manage inventory 

• Supplier certification programs to reduce or eliminate receiving inspection 

• Drive (transport) deliveries directly to stock or point-of-use in production to reduce costs and cycle 
time. Important to specify location, time and delivery sequence in detail 
 

Make 

 
• Organize to enhance flexibility: flat management structure, few job classification and cross-

functional work teams 

• Paperless order tracking (electronic dispatch and data collection) 

• Provide continuous formal training to employees 

• Accurate and approved work instructions or process plans (electronic document management) 

• Schedule for production includes preventive maintenance program 

• Strategic safety stock of selected material to decouple sourced product issuance cycle time from 
supplier lead time 

• Supplier delivery to point-of-use in production process (linking inventory system to supplier 
orders) 

• Paperless production control (electronic dispatch of operations and maintenance work) 

• Reduce non-value added paperwork by still measuring process metrics electronically (electronic 
data collection of completion, quality, scrap, labour and equipment data) 

• Real-time gathering of quality control data (electronic collection of quality data and online SPC, 
statistical process control) 

• Minimize operator induced errors (practice automatic download of production parameters) 

• Automatic label and seal verification (automatic interface to inspection systems) 
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5  Results 
This chapter presents the results which can be drawn from the project work at CCE. The 
following chapter will consequently emphasize the critical risks identified during the project 
but also present the differences between the SCOR model and its suggestions for best 
practices and the way CCES work in their risk management structure. Furthermore, a 
demonstration of a risk register for risk management within the CCES’ organisation will be 
presented in this chapter.     

5.1 Identified risks 
This section of the result chapter will present the identified risks which the project work 
acknowledged at CCES. During the first stage of the project, called risk identification, nearly 
230 risks were identified in different areas of supplier relations and internal production 
processes, which are all presented in Appendix I. Afterwards, all the identified risks were 
plotted in risk appetite matrixes, one for every stage of process of supply of raw material to 
finished products. When the most critical risks were identified according to these risk appetite 
matrixes, the project work focused on these risks for further analysis and assessment.      

5.1.1  Risk appetite matrix 
In order to clarify which identified risks to put further focus on within the project, risk 
appetite matrixes were created. The risk appetite matrixes were generated consistent with 
every stage of the progress of supplying raw material, all the way to finished products placed 
in stock. The risk appetite matrixes which were produced during the project are presented 
below in Figures 5.1 to 5.4. By placing all the identified risks in the risk appetite matrix, the 
most critical risks that CCES is facing will become visible. These risks can be found in the 
darkest area in grey for every matrix, which is called the critical zone. All risks from the 
critical zone of the risk appetite matrix are presented in Tables 5.1-5.4.  
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Figure 5.1 Risk appetite matrix Suppliers 

Table 5.1 Critical risks for Suppliers 

Group Item Risk Cause Consequence Probability Impact 

S101 Syrup No material at 
supplier 

Wrong forecasts 
(wrong in SAP) 

Cannot produce affected 
products 

6 8 

S101 Syrup Too long lead 
time 

2 weeks lead time Have to keep high inventory 
levels, which gives high 
inventory costs and increased 
administration 

10 6 

S102 Sugar No material at 
supplier 

Failure at 
production site 

No sugar delivered  
Cannot produce the 2nd day 

2 9 

S103 Municipal water No water 
available 

Problems with 
infusion  of water or 
contamination of 
water 

Cannot produce 2 10 

S107 Caps Too long lead 
time 

2 weeks lead time Need high levels of inventory 
due to many product variants, 
which gives high inventory 
costs and increased probability 
of handling problems 

10 5 

S107 Caps Late deliveries of 
new 
caps/promotion 
caps 

Changes from 
market not 
communicated to 
production 

Late deliveries of products with 
new/promotion caps to 
customers 

8 7 

S107 Caps Late deliveries of 
new 
caps/promotion 
caps 

Too tightly planned 
production of 
bottles with new 
caps 

Late deliveries of products with 
new/promotion caps to 
customers 

8 7 

S108 Labels Late deliveries of 
new 
labels/promotion 
labels 

Changes from 
market not 
communicated to 
production 

Late deliveries of bottles with 
new/promotion labels to 
customers 

8 7 

S108 Labels Late deliveries of 
new 
labels/promotion 
labels 

Too tightly planned 
production of 
bottles with new 
labels 

Late deliveries of bottles with 
new/promotion labels to 
customers 

8 7 
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Figure 5.2 Risk appetite matrix for Materials 

Table 5.2 Critical risks for Materials 

Group Item Risk Cause Consequence Probability Impact 

M101 Syrup Deviations during 
transport 

No controls of having 
locked trucks throughout 
the transport (demand from 
CCE) 

Risk for sabotage of 
concentrate 

6 10 

M102 Sugar Deviations during 
transport 

No controls of having 
locked trucks throughout 
the transport (demand from 
CCE) 

Risk for sabotage of 
concentrate 

6 10 

M105 Spring water Impurities present in 
raw material 

Water contamination in 
water protection area 

No spare spring,  cannot 
produce BonAqua™ 

4 8 
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Figure 5.3 Risk appetite matrix for Processes 

Table 5.3 Critical risks for Processes 

Group Item Risk Cause Consequence Probability Impact 

P103 Blowing MTBF too short /is  
short 

Lot of minor stops  Takes 10 minutes  after each 
minor stop (no buffer) 

7 7 

P202 Carbonisation No CO2 added to 
process 

Pipe/Valve 
leakage/failure 

Stop at all lines except S7/ 
Health risk (alarms not 
installed everywhere) 

2 9 

P202 Carbonisation No first emptying 
of tank performed 

Program 
failure/Broken valve 

Low CO2, lost production 
time, frustration among 
workers 

7 8 

P202 Carbonisation Low CO2 in 
beverage 

Wrong adjustments 
and lack of routines 

Have to dump carbonization 
tank  
Lost production time 

7 8 

P202 Carbonisation Change of product 
(P2P) is taking too 
long time 

No existing routines 
telling when syrup 
room should release 
beverage to line/lack 
of communication 

Lost production time  8 7 

P203 Filling No flow of bottles Failure in blowing 
room 

Running on half speed 7 7 

P203 Filling No flow of bottles Bottles get stuck in air 
conveyors 

Extra resources needed 10 5 

P203 Filling No flow of bottles Air conveyors doesn’t 
work (electrical 
failure) 

Two lines down 2 9 

P203 Filling Temperature too 
high  on incoming 
beverage 

Lack of cooling Foaming – running on low 
speed/cannot run/Low CO2 

8 7 

P203 Filling MTTR too long Competence/Poor 
hand over between 
shifts 

S8: Takes time to do 
adjustments properly 

7 7 
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P203 Filling Filling bottles too 
much 

Wrong settings on 
filler valves 

Lost beverage 8 9 

P204 Labelling MTTR too long Lack of the right 
competence/Bad 
handover between 
shifts 

Increased risk of problems on 
S8 due to less people with 
competence on labelling 
machine  
Increased MTTR 

7 7 

P204 Labelling MTTR too long Lack of spare 
parts/tools 

Line stopped until spare parts 
arrive. High costs if express 
order 

7 7 

P204 Labelling Less cleaning and 
maintenance than 
required performed 

Bad routines (not 
prioritized) 

High costs of exchanging 
spare parts 

5 8 

 

 
Figure 5.4 Risk appetite matrix for Inventory 

Table 5.4 Critical risks for Inventory 

Group Item Risk Cause Consequence Probability Impact 

I101 Syrup No material in 
inventory 

Increased sales Cannot produce/Have to re-plan 6 8 

I101 Syrup No material in 
inventory 

Lack of forecast No material to produce 5 8 

I101 Syrup Too high level of 
inventory/Too 
high ROP 

Too high forecasts 
(low sales) 

Increased inventory costs, 
physical extra work, but higher 
flexibility 

9 6 

I105 Preforms Preforms at 
wrong location 

Too much material 
in inventory 

Have to spend a lot of time 
finding material which leads to 
frustrations and stress if material 
not found which can lead to stop 
in production 

7 7 

I105 Preforms Preforms at 
wrong location 

Material does not 
have an unique 
position  

Have to spend a lot of time 
finding material which leads to 
frustrations and stress if material 
not found which can lead to stop 
in production 

10 7 
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I106 Caps Not stored in right 
temperature 

Transport does not 
fulfil specification 
according to 
temperature 

Bad quality of caps which 
results in stops in production 

7 7 

I106 Caps Preforms at 
wrong location 

Too much material 
in inventory 

Have to spend a lot of time 
finding material which leafs to 
frustrations and stress if material 
not found which can lead to stop 
in production 

7 7 

I106 Caps Preforms at 
wrong location 

Material does not 
have an unique 
position  

Have to spend a lot of time 
finding material which leafs to 
frustrations and stress if material 
not found which can lead to stop 
in production 

10 7 

I107 Labels Preforms at 
wrong location 

Too much material 
in inventory 

Have to spend a lot of time 
finding material which leads to 
frustrations and stress if material 
not found which can lead to stop 
in production 

7 7 

I107 Labels Preforms at 
wrong location 

Material does not 
have an unique 
position  

Have to spend a lot of time 
finding material which leads to 
frustrations and stress if material 
not found which can lead to stop 
in production 

10 7 

 

5.1.2  Risks for further focus – critical risks at CCES 
The critical risks identified from the risk appetite matrixes, see Figures 5.1-5.4, were then 
grouped and gathered in order to rationalize the focus risks for further analysis and 
assessment in the project work. The grouping of critical risks was done according to the risk’s 
origin and where in the organisation a solution could be found. The risks for further focus in 
the project work, for finding suitable avoidance strategies, is presented in Table 5.5 below. 
Table 5.5 Risks for further focus 

Critical risk Causes Consequences 

High inventories (of beverage 
base and caps) due to long 
lead times 

Long lead time from supplier Need high levels of inventory due to many 
product variants, which gives high inventory 
costs and increased probability of handling 
problems 

No material at supplier Failure at production site Cannot produce when inventory empty 

No material in inventory Increased sales 
Lack of forecast 

Cannot produce or have to re-plan production 

No incoming water Problems with infusion of water (broken pipe 
etc.) 
Contamination of water 
Contamination of water in spring 

Cannot produce 
Cannot produce BA, have to find alternative 
spring 

Late deliveries of 
caps/labels/plastic with new 
design 

Changes from market not communicated with 
material planners 
Too tightly planned production of bottles with 
new design 

Late deliveries of bottles with new design to 
customers 

Sabotage during transport No controls of having locked trucks throughout 
the transport (demand from CCE) 

Contamination of product, bad product to 
customer 

Lack of spare parts for 
maintenance 

Status controls not performed at right time and 
therefore poor plan for what spare parts needed 
in the future 
Does not follow supplier's recommendations of 
what spare parts should be in-house 

Express order deliveries, expensive 
Longer waiting times to repair machines (long 
MTTR) 

Preventive maintenance not 
prioritized  

If risk for under-absorption, PM rescheduled 
Production prioritized before PM 

MTBF decreased 
Machines worn to a higher extent 
Higher frequency of changing spare parts 

Lack of hand over between 
shifts 

Not enough time for hand over 
Poor routines for hand over 

MTBF decreasing, MTTR increasing, frustration 
between shifts 
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Leakage of CO2 Broken/leakage on pipes or valves Health risks (alarms does not exist all over the 
plant) 

Low CO2 on produced 
beverage 

Too high temperature, lack of cooling 
No first emptying of tank performed due to 
broken valves or program failure 
Wrong pressure adjustments/Lack of routines for 
controlling pressure and temperature 

Have to dump beverage which result in high 
costs  
Lost production time 
Frustration 

Change of product (P2P) is 
taking too long time 

No existing routines telling when syrup room 
should release beverage to line/lack of 
communication 

Lost production time 

Filling bottles too much Wrong settings on filler valves Lost beverage 

Poor supply of bottles to 
PET-lines 

Low MTBF in blowing room 
Bottles get stuck in air conveyors 
Air conveyors broken 

Takes 10 minutes to heat up/start up blowing 
machine after each stop which result in poor 
supply of bottles to line and line cannot produce 
on full speed / Extra resources needed if bottles 
get stuck in air conveyors 

No specific location for each 
stored item/raw material 
(Labels, caps, preforms) 

Too much material in inventory 
Only assigned areas for materials, not specific 
position 

Have to spend a lot of time finding material 
which leads to frustrations and stress if material 
not found which can lead to stop in production 

Transport does not fulfil 
specification according to 
temperature 

Lack of routines for temperature logs Bad quality of material, problems with materials 
in machine which causes stops on line 

5.2 Proactive and reactive approaches towards risk mitigation 
After the critical risks had been identified, interviews were performed in order to identify 
proactive and reactive mitigation actions. Summaries of these interviews can be found in the 
Empirical part, Chapter 4.4. Furthermore, SCOR was used as a tool for finding mitigation 
actions for the identified critical risks where more general solutions could be applied.   

5.2.1  Mitigation strategies according to interviews 
Table 5.6 shows the results of the interviews performed during the risk avoidance mapping 
phase, divided into proactive and reactive approaches.  

Table 5.6 Proactive and reactive approaches to most critical risks at CCES 

CRITICAL RISK CAUSES CONSEQUENCE PROACTIVE 
APPROACHES 

REACTIVE 
APPROACHES 

No incoming water Problems with infusion 
of water (broken pipe 
etc.) 
Contamination of 
water 
Contamination of 
water in spring 

Cannot produce 
Cannot produce 
BonAqua™, have to 
find alternative spring 

- Make sure that CCES is 
highly prioritized by the 
municipality in the event of 
poor water supply 
- Improve existing routines 
for work performed in the 
spring to avoid water 
contamination 

- Implement clear routines 
for fault finding procedure 
when problems with spring 
water supply 
- Overlook possibilities 
and the procedure of using 
spring water when poor 
supply of municipal water 

Late deliveries of 
caps/labels/plastic 
with new design 

Changes from market 
not communicated with 
material planners 
Too tightly planned 
production of bottles 
with new design 

Late deliveries of 
bottles with new 
design to customers 

- Better communication 
between production and 
marketing department 

- Avoid running production 
with new material that has 
not been approved by 
market 
- Visual control and 
approval of new 
labels/caps/plastic 
performed by market when 
material arrive to raw 
material inventory. 

Sabotage during 
transport 

No controls of having 
locked trucks 
throughout the 
transport (demand 
from CCE) 

Contamination of 
product, bad product 
to customer 

- Implement routines of 
having locked transports for 
all shipments 
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Lack of spare 
parts for 
maintenance 

Status controls not 
performed at right time 
and therefore poor plan 
for what spare parts 
needed in the future 
Does not follow 
supplier's 
recommendations of 
what spare parts should 
be in-house 

Express order 
deliveries, expensive 
Longer waiting times 
to repair machines 
(long MTTR) 

- Implementation of a six-
year plan for maintenance to 
perform during the next-
coming six years  
- Perform status controls on 
time 
- Implementation of a more 
reliable maintenance system 
instead of DIVA 

- Implement clear routines 
of how to respond to 
scenarios when spare parts 
are missing for 
maintenance work 
- Improve hand over 
between technicians (see 
next row) 

Lack of hand over 
between shifts 

Not enough time for 
hand over 
Poor routines for hand 
over 

MTBF decreasing, 
MTTR increasing, 
frustration between 
shifts 

- Make routines for handover 
more standardized by usage 
of checklists 
- Educate operators in 
Lineview 
- Increase overlapping time 
between shifts 
- Implement routines for 
technician hand over and 
team leader hand over 

- Operators should put a 
requirement on previous 
shift to fill in hand over 
document correctly, which 
will be easier if the shift 
teams are more interactive. 
Therefore; 
- Implement shift rotation 
to make people familiar 
with employees on 
opposites shift 

Leakage of CO2 Broken/leakage on 
pipes or valves 

Health risks (alarms 
does not exist all over 
the plant) 

- Include CO2 inspection to 
the yearly and externally 
performed air pressure 
inspection 

- Install CO2 alarms 
throughout the factory 

Low CO2 on 
produced beverage 

Too high temperature, 
lack of cooling 
No first emptying of 
tank performed due to 
broken valves or 
program failure 
Wrong pressure 
adjustments/Lack of 
routines for controlling 
pressure and 
temperature 

Have to dump 
beverage which result 
in high costs  
Lost production time 
Frustration 

- Introduce short cold rinse 
after each change over to 
cool down pipes 
- Cool down incoming water 
before it is mixed with sugar 
and concentrate (done by 
other CCE plants) 

- Improve 
communicational routines 
between syrup room and 
filling line 

Change of product 
(P2P) is taking too 
long time 

No existing routines 
telling when syrup 
room should release 
beverage to line/lack of 
communication 

Lost production time - Standardize the P2P process 
(amount of bottles to scrap 
before first test, 
communication etc.) and 
create checklists for working 
routines  
- Define specifications for 
BRIX limit values during 
start-up. Introduce BRIX 
compensation in the 
beginning of a run 
- Measure the three phases of 
a P2P individually and set 
individual targets for them 

- Make sure that the 
process is standardized by 
monitor the checklists 
-Identify in which phase of 
the P2P the problem 
occurred 
 
 

Filling bottles too 
much 

Wrong settings on 
filler valves 

Lost beverage - Make limits for overfilling 
tougher  
- Include overfilling as a 
parameter in the weekly 
quality report 
- Make yield report more 
easy understandable 

- Respond to overfilling 
immediately by adjusting 
filler valves 
 

Poor supply of 
bottles to PET-
lines 

Low MTBF in blowing 
room 
Bottles get stuck in air 
conveyors 
Air conveyors broken 

Takes 10 minutes to 
heat up/start up 
blowing machine after 
each stop which result 
in poor supply of 
bottles to line and line 
cannot produce on full 
speed / Extra resources 
needed if bottles get 
stuck in air conveyors 

- Perform a new installation 
and recreate all programs for 
all types of bottles on air 
conveyors on line S8 

 

Transport does not 
fulfil specification 
according to 
temperature 

Lack of routines for 
temperature logs 

Bad quality of 
material, problems 
with materials in 
machine which causes 
stops on line 

- Do not accept frozen syrup 
arriving without a 
temperature log  
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5.2.2  Mitigation strategies according to SCOR 
Some of the identified critical risks where analysed according to best practices from the 
SCOR model where suggestions are given how to handle a risk or disturbance. As the same as 
the interviews for risk avoidance mapping, the evaluation according to the SCOR model had 
he purpose to find safeguards (proactive) and mitigation (reactive) action for the critical risks, 
see Table 5.7 below.   
Table 5.7 Best practices from the SCOR model 

Risk Causes Consequence Proactive and reactive actions according to SCOR 

High inventories 
(of beverage base 
and caps) due to 
long lead times 

Long lead time from 
supplier 

Need high levels of 
inventory due to many 
product variants, which 
gives high inventory 
costs and increased 
probability of handling 
problems 

1. VMI agreements allows suppliers to manage inventory 
2. Supplier certification programs to reduce or eliminate 
receiving inspection 
3. Strategic safety stock of selected material to decouple 
sourced product transfer cycle time from supplier lead time 

No material in 
inventory 

Increased sales 
Lack of forecast 

Cannot produce or have 
to re-plan production 

1. VMI agreements allows suppliers to manage inventory 
2. Supplier certification programs to reduce or eliminate 
receiving inspection 
3. Strategic safety stock of selected material to decouple 
sourced product transfer cycle time from supplier lead time 

Preventive 
maintenance not 
prioritized 

If risk for under-
absorption, PM 
rescheduled 
Production 
prioritized before 
PM 

MTBF decreased 
Machines worn to a 
higher extent 
Higher frequency of 
changing spare parts 

1. Schedule for production includes preventive maintenance 
program 
2. Implement employee involvement programs 
3. Accurate and approved work instructions or process plans 
(electronic document management) 
4. Paperless production control (electronic dispatch of 
operations and maintenance work) 

Lack of hand over 
between shifts 

Not enough time for 
hand over 
Poor routines for 
hand over 

MTBF decreasing, 
MTTR increasing, 
frustration between 
shifts 

1. Organize to enhance flexibility: flat management structure, 
few job classification and cross-functional work teams 
2. Paperless order tracking (electronic dispatch and data 
collection) 
3. Implement employee involvement programs 
4. Accurate and approved work instructions or process plans 
(electronic document management) 

No specific 
location for each 
stored item/raw 
material (Labels, 
caps, preforms) 

Too much material 
in inventory 
Only assigned areas 
for materials, not 
specific position 

Have to spend a lot of 
time finding material 
which leads to 
frustrations and stress if 
material not found 
which can lead to stop in 
production 

1. Drive (transport) deliveries directly to stock or point-of-use 
in production to reduce costs and cycle time. Important to 
specify location, time and delivery sequence in detail 
2. Paperless order tracking (electronic dispatch and data 
collection) 
3. Supplier delivery to point-of-use in production process 
(linking inventory system to supplier orders) 

Transport does 
not fulfil 
specification 
according to 
temperature 

Lack of routines for 
temperature logs 

Bad quality of material, 
problems with materials 
in machine which causes 
stops on line 

1. Supplier certification programs to reduce or eliminate 
receiving inspection 
2. Paperless order tracking (electronic dispatch and data 
collection) 

 

Many of the identified critical risks have a clear connection to best practices from the SCOR 
model. However, there are also best practices from SCOR which are more general and could 
apply for any kind of improvement process in an organisation. Best practices for improving an 
organisation, related to the Source and Make process in the SCOR model, gives overall 
guidelines for how to create a more flexible and high-performing business. From the best 
practices given in Table 4.8, several of these general best practices are presented and the ones 
which are mostly applicable at CCES are:  

• Organize to enhance flexibility: flat management structure, few job classification and 
cross-functional work teams 

• Provide continuous formal training to employees 
• Accurate and approved work instructions or process plans (electronic document 

management) 
• Reduce non-value added paperwork while still measuring process metrics (electronic 

data collection of completion, quality, scrap, labour and equipment data) 
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5.3 SCOR as a benchmarking model for CCES 
By comparing SCOR best practices to processes performed at CCES, mismatches can be 
identified between the two, which can be used for finding areas of improvement at CCES. In 
Table 5.8 below, the current situation at the company is shown in relation to the proposals for 
best practices given from the SCOR model. 
Table 5.8. SCOR as a benchmarking model for CCES 

Best 
practice 
process  

Proposals from SCOR model How does CCES do it today? Matched/ 
Unmatched 

Source 

VMI agreements allows suppliers 
to manage inventory 

CCES manages their own inventory and its levels, material planners 
handle inventory levels of raw materials except for CO2 and sugar 
which the suppliers are managing   

Unmatched 

Supplier certification programs to 
reduce or eliminate receiving 
inspection  

Decisions regarding setup of suppliers and contracts are endorsed 
centrally and CCES does not take decisions on a local level. CCE 
approves suppliers according to a number of specified demands 

Unmatched 

Drive (transport) deliveries 
directly to stock or point-of-use in 
production to reduce costs and 
cycle time. Important to specify 
location, time and delivery 
sequence in detail  

All raw materials from suppliers are taken either directly to stock or 
to point-of-use (sugar and CO2). Internal processes and activities deal 
with goods received and place raw material in store. The internal 
communication and organisation in the storage area of raw material 
could be improved for securing demands from production 

Matched to 
some degree 

Make 

Organize to enhance flexibility: 
flat management structure, few 
job classification and cross-
functional work teams 

The organisation at CCES is hierarchical on paper but all employees’ 
work in an open environment. Operators working in every 
production line have only thorough knowledge of their responsibility 
within their shift team, the communication and knowledge to other 
shifts and production lines are absent.      

Matched to 
some degree 

Paperless order tracking 
(electronic dispatch and data 
collection) 

All data and dispatch of orders are performed paperless in the SAP 
system at CCES 

Matched 

Provide continuous formal 
training to employees 

Formal training to employees is provided to all levels of the 
organisation on a regular basis. Within the supply chain organisation 
at CCES there is one person employed and responsible for this form 
of formal training  

Matched 

Accurate and approved work 
instructions or process plans 
(electronic document 
management) 

Accurate and approved work instructions or process plans are 
managed electronically in QMS (Quality Management System) at 
CCES 

Matched 

Schedule for production includes 
preventive maintenance program  

Preventive maintenance work is scheduled for every week in the 
production plan  

Matched 

Strategic safety stock of selected 
material to decouple sourced 
product issuance cycle time from 
supplier lead time  

Stock levels of practically all raw materials at CCES is handled and 
planned to cope with unexpected events which could affect the 
production plan by delays. Security levels exist for all volumes of 
stored raw material in SAP. Volumes of orders to suppliers and the 
volumes of stored raw material at CCES are based on forecasts and 
planned production 

Matched 

Supplier delivery to point-of-use 
in production process (linking 
inventory system to supplier 
orders) 

All raw materials from suppliers are taken either directly to stock or 
to point-of-use (sugar and CO2). The inventory system at CCES is 
linked to SAP where all suppliers orders are managed by the material 
planners at the company  

Matched to 
some degree 

Paperless production control 
(electronic dispatch of operations 
and maintenance work) 

CCES has routines for electronic dispatch of operations and 
maintenance work which is managed and organised in a preventive 
maintenance tool called DIVA 

Matched 

Reduce non-value added 
paperwork by still measuring 
process metrics electronically 
(electronic data collection of 
completion, quality, scrap, labour 
and equipment data) 

CCES works electronically with documents related to their 
production processes in Lineview. Data from the production lines are 
collected simultaneous and managed in Lineview. Scrap is 
conversely handled manually in every production line 

Matched to 
some degree 

Real-time gathering of quality 
control data (electronic collection 
of quality data and online SPC, 
statistical process control) 

In every production line there are different quality control measures, 
such as cameras, to ensure high quality of products and the bottles. 
However no statistics exists for reasons for sorting out bottles.  
Afterwards, an definite control of beverage parameters is performed 
in laboratory   

Matched to 
some degree 

Minimize operator induced errors 
(practice automatic download of 
production parameters)  

CCES works electronically with documents and production 
parameters related to their production processes in Lineview. Data 
from the production lines are collected simultaneous and managed in 
Lineview and not directly handled by operators. 

Matched 

Automatic label and seal 
verification (automatic interface 
to inspection systems) 

Automatic processes exist in every production line for sorting out 
bottles with quality issues regarding labels and that the caps are 
tightened to the right degree 

Matched 
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5.4 Risk audit 
In order to follow-up how well certain risks are handled reactively after an event of a 
disturbance, a risk audit form has been created. The form has been developed based on both 
theoretical findings regarding resilience work (Chapter 2.5.1) but also with the help of a 
questionnaire (Appendix II) created for a master thesis in Supply Chain Resilience (Ekblom, 
Marafante, & Samuelsson, 2009). The created audit consists of two parts; Resilience and 
Recovery work. The first part aims at describing how the operation performance is changed 
after the occurrence of a disturbance; from the point when the incident occurred, to the point 
where lowest performance is realized further to the point when recovery has been reached. 
This first section of the risk audit aims at visualizing the recovery by a graph. By auditing 
disturbances of the same kind happening at different occasions, the shape of the recovery 
graph can be compared between the different events.  

The second part of the risk audit form consists of a questionnaire of eleven questions, where 
the answers can be evaluated on a scale from one to seven. The questions in place aim at 
evaluating how well the recovery work has been performed. The higher the score, the better 
auditing result. By performing this audit for disturbances of the same kind on a regular basis, 
the auditing trend can be visualized in a graph. Thereby can the auditing trend be evaluated as 
being increasing, decreasing, stable or unstable. In Appendix III the complete risk auditing 
form can be found.  

5.5 Risk register 
An important part of the risk management process is the risk documentation, which is 
performed in order for the entire organisation to be aware of the current risk picture and its 
performance. As a basis for the risk management process, a risk register could be used. Table 
5.9 therefore presents a risk register designed by the authors. The content of the register have 
been identified by a combination of literature studies and brainstorming among the authors, 
where the aim has been to present an easy-to-use documentation model adaptable to any kind 
of organisation where it is easy for the user to identify focus areas.  

Table 5.9 Risk register for documentation 

 

The first column of the register should give a short but explanatory text of the identified risks 
together with belonging possible reasons for and consequences of the risk. In the second 
column, “Current critical level”, the score of the probability and impact assessment should be 
presented. “Existing routines and actions” should describe what actions and routines, both 
proactively and reactively, that are existing today, and “Future actions“, should similarly 
describe actions planned to do in the future in order to avoid or mitigate the risk. For this part, 
it is important to set a deadline for each action to make follow-up upon the owner of the 
activity easier for the management team. By giving each risk, or preferably each action, a 
priority order, the management team can easily make judgements on where to put focus. The 

Risk description, 
causes and 

consequences 

Current 
critical 

level 

Existing 
routines and 

actions 
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priority list should name the most prioritized risk “1”, and the higher number the less 
prioritized risk. When determining the order of priority, both the risk rating and the auditing 
trend should be of consideration. Also the ease of implementation should be of consideration 
when determining the priority. Another way of assessing the priority is to evaluate if the 
actions should be of “high”, “medium” or “low” priority. This way of prioritizing actions can 
be performed if there is poor knowledge about auditing trends or if the given risk rating is too 
similar for the identified risks. Experience regarding ease of implementation, cost of 
implementation and positive effect the action can bring could then be used to prioritize the 
risks and actions. The last column called "Auditing trend” gives the receiver of the risk report 
an idea of how implemented mitigation actions have been carried out. The audit (further 
explained in Chapter 5.4) should be carried out regularly after the occurrence of a disturbance 
connected to a risk in the risk register, in order to evaluate how well the situation was 
handled. A better handled disturbance will result in a higher audit score and vice versa. After 
a number of audits have been performed, the trend of how successful the mitigation has been 
over time can be summarized in the risk report as: 

• Stable – the same or almost the same audit result over time 
• Unstable – no clear trend over time can be seen  
• Decreasing  - The audit result have decreased over time 
• Increasing – The audit result have increased over time 
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6  Analysis and discussion 
In this chapter, the results related to the project work’s purpose and problem description are 
analysed and discussed. Firstly, the identified critical risks at CCES are discussed, followed 
by an analysis of the tools used and the process followed for the risk management work. 
Lastly, a way of how to put the created risk management process in a bigger context by 
implementing it into the SCOR model is presented. 

6.1 Critical risks at CCES 
In the following section, the possible avoidance strategies presented in the results chapter will 
be emphasised and an analysis of potential implementation at CCES will be discussed. 
Finally, the section is concluded with information about how CCES could identify risks by 
using the SCOR model and its included best practices. 

6.1.1  Identified risks and their solutions 
As implied from Table 5.5 in the results chapter, sixteen risks were identified as belonging to 
the critical zone in the risk appetite matrix. Some of these risks are disturbances that already 
are seen as great problems at CCES, whereas some are risks that have never happened or 
happen rarely in the organisation. As described in Chapter 2.1.1 of the theory chapter, risks 
can be categorized into three areas. It has been concluded that all sixteen risks identified 
belongs to the category hazard risks, which means that they all are risks that will bring 
negative consequences for the organisations if they occur. The authors believe that the reason 
why neither opportunity risks nor control risks have been identified is because the word risk is 
so strongly connected to a negative outcome, which means that people in general have 
difficulties of seeing the benefits of a risk. When analysing the causes of the disruptions 
among the sixteen risks, it can be seen that all disruption categories presented in Chapter 2.1.2 
(people, premises, processes and products) are present among the critical risks. This shows 
upon the diversity of the identified disturbances. Below, each identified critical risk and its 
mitigation actions will be discussed.  

High inventories (of beverage base and caps) due to long lead times: Some of 
the material has a very long lead time from the supplier and comes in many different product 
variants. Both beverage base and caps are products with many variants where the lead time is 
long comparing to other materials. This means that the affected materials are ordered in 
relatively large batches and many different variants are ordered at each time to make sure that 
inventory levels for each item is high. One negative impact of the high inventory except 
increased inventory costs is the issue with increased handling problems. During the 
workshops it was explained that on a regular basis there emerges a situation where material is 
not being found and many resources have to be spend on the non-value adding activity of 
trying to find the material. The authors mean that this disturbance does not just costs money 
for the company in terms of employees spending time on non-value adding activities, but it 
also creates frustration among the employees. This frustration can result in accidents 
occurring because the normal standardised way of working is broken.  

The SCOR model and its best practices for the Source process emphasises the importance of 
focusing on the value adding activities between two partners and not try to put too much 
effort on activities not contributing to a time effective relation. A solution from the SCOR 
model on the problem with high inventory levels, based on suggested best practices, could be 
to let the suppliers manage inventory levels. The lead times from the actual suppliers is 
difficult to adjust since the transport distance is long, but the inventory levels of the particular 
material could be better controlled by certification programs and VMI. Since CCE controls all 
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supplier arrangements centrally, it is not easy for CCES to merely switch supplier. Anyhow, if 
CCE would let supplier control inventory levels, it would make the suppliers completely 
responsible for planning and supply of raw material if any disturbance would occur. By 
certifying suppliers, CCES would make sure that the suppliers are up to CCE’s standards and 
it would also contribute to more stable levels of inventory.  

No material at supplier: If there is a major accident occurring at one of the key supplier’s 
plant, there is a risk that CCES cannot get the material needed in time. This will delay the 
deliveries to the customers and both money and reputation in terms of delivery accuracy will 
be lost. CCES’s strategy today is to have one supplier for each material, which is by the 
authors seen as a highly risky strategy in case of a supplier failure. Today no mitigation 
actions in terms of having more than one approved supplier for each material are in place.  In 
the case failure at current supplier, the process of selecting a new supplier will therefore be 
long.  
Many raw materials used in production sites within CCE come from a singular supplier which 
supplies the specific raw material to all CCE sites. By reducing the number of suppliers for 
each raw material, CCES becomes relatively dependent on these specific suppliers to deliver 
the right amount at the right time. As discussed in theory chapter, companies should choose a 
sourcing strategy consistent with their long-term objectives. CCES are very dependent on 
their products being delivered to market on time due to the high demand and competition, and 
therefore a multiple supplier strategy would be beneficial. However, having multiple suppliers 
mean more organisational work since CCE controls all supplier agreements centrally. 
Nevertheless, fewer suppliers mean simplified communication channels for the material 
planners when facing a problem with regular transportations or delays of raw material with 
new design from suppliers. Many of the raw materials from suppliers to CCES have seldom 
any concern related to them, but if CCES wishes to avoid being dependent on only one 
supplier, they should consider the alternative of increasing the supplier base. This could not 
only be beneficial for securing transportations and supply of material to the production, but it 
could also cut agreement costs to suppliers for a raw material when negotiating the contracts. 

No material in inventory: Except for the reason that one supplier cannot provide 
material, there are a few other causes of low stock in raw material inventory. During high 
season, there is increased difficulty of forecasting the demand since the weather forecast plays 
a big role for the size of the sales levels. This means that the suppliers have to be flexible in 
meeting CCES’s increased demand and be able to deliver materials on a short notice to make 
sure that the end customer’s demand is being met.  

Mitigation actions suggested by SCOR is a certification program of suppliers and a VMI 
approach, as described in the case of high inventory levels. If CCES could link forecasts of 
their production to suppliers and their supply of raw material, the authors have confidence in 
that inventory levels and the control of stored amounts could be improved. SCOR implicates 
that agreements for an evolved and improved supplier relationship and collaboration is a 
favourable establishment. These agreements are mostly concentrating on the supplier’s 
responsibility concerning the management and control over inventory levels at the particular 
company and transports of raw material which CCES mostly manages themselves today. 
Barriers, which the authors identify for the suggested setup, are the resources and time needed 
to implement the cooperative system. 

No incoming water: Water is one of the most critical raw materials for CCES’s production 
since if there is no incoming water, or if the incoming water is contaminated, the entire plant 
would stand still. CCE owns a spring which is supplying the plant with water for Bon Aqua 
production, and since there is no alternative source of spring water, it would be highly severe 
if no spring water is available. If it would be realized that water from either the spring or the 
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municipal water already used in production would be contaminated, major volumes of 
beverage would have to be analysed and in worst case scrapped. An hour where the entire 
plant is operating at full capacity, more than 100 000 litres of beverage can be produced, 
which means that high volumes are being lost in a relatively short time in the event of 
contaminations.  

Mitigation actions brought up during the interviews for the risk of no incoming water were 
mostly regarding the routines for how to act when such a disturbance occur. However, a 
proactive solution could be to create an agreement with the municipality to make sure that 
CCES is prioritised for water supply in case of poor water supply. A reactive action would be 
to implement clear routines for how how a fault finding chain should be initiated in order to 
handle the event of no incoming water as soon as it occurs. Another approach towards risk 
mitigation could be to analyse if the spring water could be used as an alternative if there is no 
incoming municipal water. The authors believe that CCES should create a routine for how this 
could be done, so that in case of poor municipal water supply, it is clear for everyone which 
procedures that should be done to rearrange the water flow from the spring water pipes. The 
aim is to start producing again in the shortest possible time.  

Late deliveries of material with new design: The design of for example caps, labels, 
plastic and cans are updated frequently, both due to new updates but also because of on-going 
campaigns. The marketing department has the responsibility of communicating design 
changes with the supplier and make sure the supplier can deliver the material on time. 
However, because of many design updates, the material often gets delayed which means that 
production need to be rescheduled. Another result of the late delivery is also that the material 
often has to be used in production the same or the next coming day on order to meet customer 
demands and avoid late deliveries to customers. The consequence is then that the physical 
new material arriving to CCES never has the time to be checked and approved by marketing 
before it is used in production. The fact that marketing department does not check and 
approve the physical design before it is used in production is seen as risky, since a deviation 
between intended and actual design will cause high levels of rework, which is very costly. 
The authors also believe that there seem to be a lack of communication between marketing 
department and production which could affect the business negatively. 

Even though this critical risk concerns both internal (marketing and production) and external 
(suppliers) relations, it shows how important structured and organized communication is. A 
vital solution for late deliveries of material with new design is to improve and organize the 
communication between all involved parties. This especially concerns the marketing 
department and their role towards accepting the physical design when it arrives to CCES. 
However, an improvement of internal communication within CCES is affected by the 
different department’s separate routines and organisation and changing a culture within a 
company is always problematic. 

Sabotage during transport: Coca-Cola™ is a brand with a high reputation, and people’s 
opinion about the beverage can affect the company both positively and negatively. If someone 
wants to sabotage the products, the transport of raw material is seen as an exposed part of the 
supply chain. CCE has a general requirement on suppliers is to always keep the transports 
locked all the way from supplier to the CCE plant. However, most transports of raw material 
at CCES are handled internally by CCES and not by the supplier themselves, and none of the 
internal transports follow this requirement. The authors mean that the concentrate is exposed 
to the biggest risk of all raw materials during the transport; both because it would mean high 
costs if it gets stolen, but also since sabotage would most probably give most effect if it was 
performed on the concentrate.   
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The authors suggest implementing a routine for having all transports lock, independently if 
they are managed internally or externally. Since it is within transportations controlled by 
CCES where most impact can be done, a routine for having locked transports on all shipments 
would not take such a long time to implement. A difficulty could be to find an owner for the 
process since there are often more than one transporter responsible on the way from supplier 
to CCES. Communication is therefore equally essential for mitigating this critical risk as for 
other risks with many stakeholders.    

Lack of spare parts for maintenance: Ordering parts with express order can often costs 
hundreds of times more than the cost of the part itself, and therefore it should be avoided as 
much as possible. However, the alternative is to wait for the part to arrive on normal delivery 
time, which could imply even higher costs if the production gets affected. Therefore, it is of 
high importance to have a spare part inventory that covers the vital maintenance performed on 
the machines. In order to balance spare parts inventory in the best way, status controls have to 
be performed on a frequent basis. The authors have also understood that there often is a 
mismatch between actual and reported inventory levels which might jeopardize the ability to 
fix occurring machine break downs.  

Reactive approaches are often more expensive and time-consuming than proactive work. 
CCES has scheduled time for status controls in their production processes but does not always 
follow those routines, mostly because production is prioritised. This can cause problems over 
a longer period of time when machines break down or processes stop to work. In addition, 
further proactive approaches would be to implement a more reliable maintenance system and 
implementation of a six-year plan for preventive maintenance so that spare part management 
can be better organised. Today the maintenance system used is sometimes not so reliable, and 
the employees have to manually record spare parts withdrawals. This is both time consuming 
and risky since actual and planned inventory levels are not correlating. However, 
implementing a new maintenance system is expensive and takes time for people to adapt to. 
The suggestion of introducing a six-year plan for maintenance work, is already a process 
under development by the asset care planners as an own initiative. Therefore, the authors 
mean that the six-year plan is an effective way of organising the future maintenance work, 
and therefore a finalization and a complete implementation of this strategy should be 
prioritized by the top management.  

Preventive maintenance not prioritized: In a high speed production facility such as 
CCES, there is a focus upon production, and maintenance is not the top priority since it does 
not give direct value to the business. This leads to the fact that preventive maintenance 
activities being delayed. A result of this might be worn machines and severe break downs that 
would not have occurred if the maintenance had been performed on time. Also, delayed 
preventive maintenance activities might mean that spare parts have to be changed more 
frequently, which is costly and might lead to the risk discussed above.  

The authors believe an applicable solution from SCOR on the stated risk would be to have 
accurate and approved work instructions for the preventive maintenance work as well as 
scheduling it in the production plans. Today, CCES are handling the weekly preventive 
maintenance well, however, bigger jobs more often gets delayed which could be seen as a 
risk. One thing CCES could improve is to schedule time in the production plan for preventive 
maintenance activities in order to make sure they are performed. By introducing one fixed 
half day of preventive maintenance work per week and line, the technicians can continually 
perform preventive maintenance instead of fixing the issues reactively when a break down 
occurs. An important factor of preventive maintenance is to have the internal organisation 
acknowledge and understand the benefits of performing a preventive maintenance procedure 
but also to have the tools prepared when required. 
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Lack of hand over between shifts: Since most lines during high season are running on 
either two or three shifts, the communication between the shifts is vital. One shift might have 
a problem that the next shift has to take over, in order not to start from scratch with the 
problem identification. A poor communication between the shifts can cause 
misunderstandings and give poor insight in the other shift’s issues and difficulties, which 
causes frustration among the operators. An improved communication during shift hand over 
could, according to the authors, help to solve issues arising faster, increase the acceptance and 
understanding of actions performed by the other shift and it could also work as a forum for 
supporting colleagues.  The authors have experienced that the shifts internally at CCES 
generally have a high level of team spirit, whereas there seem to be a poor team spirit within 
the line team as a whole.  

The proactive approaches linked to this critical risk also concerns communication but 
specifically how to use a common structure for the communication between shifts. The usage 
of checklists for shift hand over could be a way of how to communicate better between the 
shifts. Today, the operators on each machine are supposed to fill in a shift hand over 
document before they leave, which is poorly performed. By having a checklist format with 
clear boxes to fill in certain parameters and information, it would be easier for the next 
coming shift to follow up on problems that have occurred and what actions that have been 
performed in order to solve the problem. This handover document should be present for 
operators, technicians, electricians as well as team leaders. The authors also believe that the 
overlapping time between the shifts should be longer in order to have a longer time for face to 
face communication with next coming shift. Today the handover is only about five minutes, 
and the authors would recommend extending it to at least the double. Another approach is to 
implement shift rotations, which means that operators working on one shift could get a chance 
to work on the other shift in order to get to get know their line colleagues better, which would 
make the line team more connected. The authors mean that if each operator change shifts for 
one week twice a year, the communication and team spirit within the line team would be 
increased. SCOR highlights the importance of flexibility, and by implementing shift rotations 
operator flexibility would most likely also be improved.  

Leakage of CO2: CO2 is an odour free gas in room temperature, and is therefore difficult to 
detect. In the plant at CCES there are almost no gas alarms, which mean that a leakage on the 
CO2 pipes could cause headaches and nausea and in high concentrations it can lead to 
unconsciousness.  

The most easily implemented solution, although more reactive in nature, is to install CO2 
alarms in the CCES factory. The only barriers, which the authors can notice, for such a 
scenario is that CCES might not see the value of such alarms since the installation will cost 
money and seldom be necessary. However, risks of high impact should be prioritised, because 
of they occur, the consequences can be shocking. A more proactive approach would be to 
include a CO2 inspection of pipes to already existing yearly inspections on air pressure pipes. 
This is not very time-consuming and could be easily implemented.    

Low CO2 on produced beverage: Each week beverage is getting dumped due to too low 
concentration on CO2. If each of the five bottle/can/glass lines has to dump one carbonization 
tank each per week, roughly thirty million litres of beverage is being lost per year. During the 
summer season, the disturbance is more likely to occur because of higher outside temperature 
which highly affects the CO2. However, the authors have identified that the disturbance also 
occur on a regular basis even at seasons with lower temperature, which is a proof that the 
temperature is not the only factor to blame.  
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An effective and applicable proactive action of introducing a relatively short cold rinse after 
each changeover would cool down pipes and avoid water temperature rising and thereby also 
decrease the level of dumped beverage. Such a straightforward solution would be fairly quick 
to implement if the communication of its benefits is clear for employees. The authors suggest 
running a trial period with these cold rinses in order to detect the effect it brings. To adjust the 
incoming water temperature before mixing it with sugar and concentrate would be another 
proactive approach. This particular approach is performed by other plants within CCE and 
they could therefore support CCES in the implementation of such method. However, it will 
probably mean a big investment in new cooling systems which would be very costly. An 
additional proactive approach would be to introduce BRIX compensation in the beginning of 
a run to avoid that BRIX levels are too low on produced beverage. However, the most 
prioritised solution, according to the authors, is to improve the internal organisational 
communication between the production lines and the syrup room to avoid misunderstandings 
and mistakes.     

Change of product (P2P) is taking too long time: Assuming every bottle/can/glass 
line has in average one change over per day during one year (about 220 working days), this 
ends up in totally 1100 change overs per year. If these change overs in average are 10% too 
long, using the basis that a changeover should take 60 minutes, 110 production hours are 
being lost each year. This is therefore, according to the authors, an area with major 
improvement possibilities in terms of increased communication and better routines.  

A proactive approach would be to standardize the process of P2P by creating clear routines of 
how a product change should be performed, and track if the routines are followed by the help 
of checklists. When the standardized way of working is set among all production lines, it 
would be easier to identify occurring problems. Since the P2P consists of three major phases, 
it would be a good idea to set up targets for each of these phases individually in order to track 
where in the process a certain problem appeared. Another approach would be to re-work the 
specifications for BRIX limits controlled by the syrup room. By narrowing the specifications 
in the beginning after a product change, issues regarding low BRIX (which often delays the 
P2P) would probably be decreased. It is important for CCES to see the long term benefits of 
all small but vital implementations of routines and structure for work since it creates an 
environment where all disturbances are handled at the right time and in the right way.  

Filling bottles too much: Filling volume is an important parameter not to jeopardize, 
since a constant too low volume can result in bad reputation among customers and consumers. 
However, filling bottles constantly too much is also something that should be avoided since it 
will be very costly in terms of “lost” beverage. Each year, roughly 360 million litres of 
beverage is being produced. Opposing that all bottles are being filled one per cent too much, 
this result in 3.6 millions of litres lost beverage per year, or about 10 million of lost 33 cl 
cans.  

There are very tough limits at CCES for filling bottles too low but an upper limit as seldom 
used. By making limits for overfilling tougher and more known to operators, many litres of 
beverage can be saved. In addition, by including overfilling in the weekly quality report as an 
important parameter to follow up, the understanding of the overfilling and its total costs for 
the organisation will be much higher. This would encourage people, and work as an incentive 
for employees to improve the parameter. However, one risk is that the lines are pushing it too 
far and start under filling, which is illegal. Therefore, the authors believe that the importance 
of not under filling must be communicated clearly to all operators. A complementary 
approach to the weekly quality report would be to make the yield report more comprehensive 
and connect it to the loss caused by overfilling. 
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Poor supply of bottles to PET-lines: All PET-lines are very dependent on the air 
conveyors supplying the lines with bottles, and if they would be broken, the line would either 
go down to half speed or stop completely depending on what part of the air conveyor that is 
broken. On line S8, bottles often get stuck in the air conveyors and one operator has to spend 
time on the non-value adding work of pushing bottles further. The authors mean that a better 
approach on a more long term basis would be to find the root cause of the problem and solve 
it proactively.  

A proactive approach towards finding a solution for this risk is to perform a new installation 
and recreate all programs for the S8 production line. This is a very time-consuming activity 
that would take weeks to implement and would affect the production pace during this period. 
However, the authors hope that CCES take all the small stops, which this disturbance causes, 
into consideration and sees the long term benefits of solving the problem proactively. 

No specific location for each stored raw material: By not having assigned positions 
for each raw material, material can easily be lost and time has to be spent on allocating items. 
The authors believe that this can lead to frustration among employees as well as possible 
delays in the production lines. 

The SCOR model suggests that the material instead should be delivered to the point-of-use, in 
this case in proximity of the production lines and the syrup room. However, this would be a 
difficult approach for CCES to implement since high volumes of materials are being used 
each day and therefore the suggested strategy would just complicate the material flows. 
Instead, by implementing a certification program where the suppliers would be more in 
control and responsible of actual locations for material in CCES’s inventory, the discussed 
risk could be decreased. Every specific supplier would also be more interested in keeping 
inventory levels and locations standardised if it were their obligation.  
Transport does not fulfil  specifications according to temperature: Some of the 
raw materials are very temperature dependent and therefore need to be transported in correct 
temperature in order to fulfil intended quality. One way to inspect the temperature levels from 
supplier to CCES is to introduce temperature logs on each transport, which could help to 
monitor if temperature has deviated from specification. The authors mean that this also could 
improve the routines during receiving of goods, by refuse material that is not within 
specification limits.  

Not all transports are presently managed by suppliers. However, if CCES would certificate 
suppliers, according to suggestions from the SCOR model, they would be entirely accountable 
of transportations and the included material and routines could be more organized. One 
benefit of letting the supplier manage all transportations is that the responsibility is moved 
from CCE to the supplier, which makes it possible for CCES to create demands on how the 
supplier is managing the transports. CCES should not accept a delivery of raw material if 
temperature logs have not been provided, especially for the frozen syrup, since its quality gets 
affected if it is thaw. All actions towards maintaining and improving product quality must be 
seen as value-adding for CCES. This implementation would not be costly and take too long 
time. However, today there exists a difficulty of finding who should hold the ownership and 
make sure that temperature logs are provided, since most transports are handled by different 
third party transporters along the way from supplier to CCES. If CCES would follow the 
authors’ recommendation of letting the suppliers manage all transports, the ownership would 
be easier to handle. 
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6.1.2  Identification of risks by comparing CCES to SCOR 
The two main management processes from the SCOR model which are mostly relevant to this 
project work at CCES are the Source and Make processes. Table 5.8 presents the best 
practices suggested by the SCOR model but also the connection to current conditions at 
CCES and if there is a match or mismatch between the two parts. The Make process includes 
several suggestions for improving production processes and the internal work within the 
organisation to make the manufacturing more efficient and productive. The suggestions for 
best practices in the Make process include many topics relating to employee education and 
training of employees to avoid non value-adding work and instructions. When considering the 
Make process and all its suggestions, there is not any distinct mismatch when comparing 
CCES to SCOR. CCES have today come a long way within their production processes to 
enhance the comprising activities and labour, and their association to SCOR practices are 
clearly visible. The areas where CCES still have capacities for improvement within the Make 
process is mostly related to intercommunication between shifts. Additionally, CCES do not 
have an automatically control and follow-up of the scrap and the sorting out of bottles from 
the production lines. A lot of money is lost on these non-value adding bottles. If CCES could 
quantify the out sorting electronically in a more reliable way than it is today, the company 
would achieve better control of the time and money related to these happenings. If there is 
reliable information of number of out sorted bottles per shift, it would be easier for the 
production mangers to follow up the causes of high out sorting immediately after it occurred.   
Recommendations for formal training of the workforces as well as paper less tracking of 
process data is a major part of the best practices suggested by SCOR for the Make process, 
which, according to the authors, is properly performed at CCES today. Furthermore, approved 
and accurate work instructions and routines as well as real time quality control techniques can 
save both time in the production and reduce costs when production control needs to be 
performed and production stops. The two main headlines of best practices in the Make 
processes is to keep and update information electronically and make sure that employees 
follow routines and instructions. CCES have clear instructions for most processes in 
production, however, the authors believe that there exist some areas where the routines are 
poor and should be revised. One example is the hand over between shifts, where the routine 
for operators should be updated and routines for technicians, electricians and team leaders 
should be created. Furthermore, it has been found that no standardized routine for change 
overs exists, and therefore it is recommended that CCES should create such a standardized 
routine.   Having a good organisation of production processes and its comprising parts is very 
much related to the organisational culture and the top management’s determination to uphold 
a high level of employee progression.  

The biggest mismatches between SCOR and the current conditions at CCES are in the Source 
process. Several cultural and organizational challenges face CCES if they want to implement 
the best practices presented in this project work for both the Make but particularly the Source 
process. As implied previously, supplier relations are managed and controlled centrally by 
CCE, which make the supplier relationships problematic to influence for CCES. As an 
example, one of the best practices suggested by the SCOR model within the Source process is 
to let suppliers own the processes of inventory levels as well as transportations. CCES 
manages its own transports except for CO2 and sugar which the suppliers are managing. Also, 
the suppliers are managing the inventory levels of CO2. If the best practice suggested by 
SCOR were to be implemented at CCES, the company should evaluate if they could 
implement similar circumstances for all suppliers. The risk identification during this project 
work has not found any major concerns of the supply of CO2 and sugar which is a solid 
argument when to estimate if that could be completed for the all supply of raw material. Also, 
by implementing supplier ownership of inventory and transports, the internal receiving 
inspections performed by CCES today could be eliminated. A supplier certification program 
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could also be applicable for letting the suppliers control inventory levels as discussed above. 
Similarly, since the internal communication and organisation in the storage area of raw 
material could be improved in order to secure supplies to production processes, a supplier 
ownership could improve both organisation and levels within the CCES’ inventory. During 
such a state, the suppliers would be responsible for inventory levels and the management of 
raw material. That could improve the communication within CCES since the company only 
needs to focus on aspects relating to value-adding processes for its business.    

6.2 Tools for risk management process 
During the project work at CCES, different tools have supported the progress of the risk 
identification as well as the risk avoidance mapping. The main tools used for risk 
identification and risk avoidance mapping have been HAZOP, SCOR and Risk appetite 
matrixes. This section will further discuss ways for possible development of these tools for 
future risk management work. The section is completed with discussion of the benefits of the 
risk register presented in this report.  

6.2.1  HAZOP 
The main tool used for risk identification has been the HAZOP methodology. When 
identifying risks it is important to think in a wide perspective and not be stuck in one kind of 
mind-set and HAZOP has encouraged the free thinking by the help of certain guide words. 
The authors believe that most other brainstorming models such as FMEA and fault trees start 
with a blank piece of paper from where the analysts are supposed to identify possible 
disturbances. This way of identifying risks would most likely not give the same depth and 
width as HAZOP can do due to its feature of having guidewords as a support for creativeness 
and flexibility. However, since HAZOP has its origins from processing industries, the 
guidewords can also be seen as slightly limiting and sometimes un-adaptable when applying 
them for identification of supply chain risks. In this project, the authors have used the 
guidewords presented by British Standards Organisation (2001) and from them chosen 
applicable guidewords and connecting risks before the workshop events in order to be more 
effective during the workshops. Since the identification step is the foundation for a good risk 
management process, the authors believe that a better approach would have been to have two 
different workshop events; one for determining which of the guidewords in Figure 2.7 to use 
and with the aim to find as many risks as possible, and the second for discussing and 
evaluating each risk in terms of finding causes and consequences and assessing probability 
and impact. However, this would be highly time-consuming.  

The idea of creating a SCFD as a basis for the risk identification work is another benefit with 
HAZOP. A flow diagram easily visualizes the different processing steps and the diagram can 
help to set the level on the analysis. Some identifications only intend to break down the 
process into its main ground pillars, whereas other aim at identifying process specific risks on 
a highly detailed level. In this project, the two processes “Make” and “Source” were in focus 
on a fairly general level. In order to be more detailed, information flows within the two 
processes could have been mapped up in a flow diagram and each identified process step 
could have been divided into smaller sections. However, a greater depth would most likely be 
even more time consuming without resulting in greater value for the project. One way of 
improving the analysis would, according to the authors, to spend more time on analysing the 
current situation in terms of identifying for example cost, capacity and time for each element. 
By having a good picture of the current state it is easier to recalculate the risks into actual 
losses in terms of resources, capacity, costs or time.  

At each workshop, the attendants were asked to rate each identified risk in terms of 
probability and impact. This way of qualitatively rate the two parameters can both be seen as 
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a benefit and a barrier. If quantitative data instead would have been used in order to rate each 
risk, the rating would most likely be more accurate and closer to reality. However, it would 
also be a time-consuming strategy. Letting the attendants rate risks based on personal 
experience is a faster way of performing the assessment, but it also incurs a higher risk of 
subjectivity since different people are judging risks differently. The authors believe that by 
letting different people judge the risks independently of each other, a more accurate result 
would be gained. As seen in the risk assessment guideline provided in Table 3.1, only ratings 
one, five and ten have been described. The authors mean that if all ratings from one to ten 
would have been given a specific description it might would have hinder the assessment since 
some descriptions might not sound applicable to a specific risk discussed. Therefore the 
authors mean that it is better to use the table as a guideline and instead let the moderator of the 
workshop event make sure that risks are assessed in a standardised way. The judging and 
assessment of risk is not originally a part of the HAZOP model, which is one negative aspect 
of the tool. To make the HAZOP methodology more comprehensive, the authors suggest 
introducing a clear structure of how to assess risks in the most beneficial way to the model.  

One of the greatest disadvantages with HAZOP, concluded by the authors, is that it does not 
take interrelated risks into account. It is said that most airplane crashes is a consequence of 
several different causes occurring simultaneously and not the result of a single error. 
Therefore, it is suggested that HAZOP should introduce a structure of how to identify the 
combined effect of different disturbances and not just identify risks separately. By creating a 
simulation model of the supply chain process analysed, different disturbances could be 
simulated both separately and in combination in order to see if there exists a synergy effect 
between the disturbance factors.  

6.2.2  SCOR as a benchmarking model 
Instead of only using the SCOR model as a tool for finding mitigation and avoidance 
strategies, the model could also be used for risk identification. The authors have mainly used 
SCOR after the risk identification phase for finding risk avoidance strategies for the critical 
risks which the project has produced. However, CCES as well as other companies could 
complement their risk identification process by searching for gaps between best practices 
suggested by SCOR and how they perform themselves today, as the project have aimed to do 
in Table 5.8. The lack in this report was that this comparison was performed after the 
identification phase and therefore these gaps have not been discussed during the workshop 
events. The authors mean that by performing it before the HAZOP identification, the 
identified mismatches between HAZOP and the company’s processes could be used to 
provide a wider perspective upon the identified and discussed risks during the workshops. 

One of the main benefits with SCOR is the model’s application opportunity for the entire 
supply chain. SCOR is not only applicable for the Source and Make process, which this 
project has focused on, but also processes more related to, for example delivery to the final 
customer. Consequently, a similar risk identification process structure and organisation where 
SCOR is used for finding areas of risks and disturbances for the whole supply chain can be 
interesting for organisations. However, all best practices suggested by SCOR are not suitable 
for all companies and their business, and therefore the authors believe that the model should 
be used as a source for finding best practices suitable for their organisation. When these best 
practices are identified from SCOR, organisations can compare them to their own business for 
an initial risk identification mapping as well as an avoidance process similar to the structure in 
this project. 

The SCOR model can be resource and time-consuming to implement in manufacturing 
industries with many network connections. If there is an absence of qualified and experienced 
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professional employees and management but also weak intercompany communication to 
suppliers, the authors mean that the implementation will take longer time and will not be as 
beneficial as initially expected. Organisations willing to become accustomed to SCOR must 
also remember that the different levels of SCOR do not include information and suggestion 
for a specific business. A specific organisation wanting to implement the SCOR practices for 
supply chain improvements must extend to a more detailed level. SCOR is only described and 
sustained at a general level used for all supply chain businesses. Thus, the authors believe 
doing a risk identification process purely by using SCOR will not produce a definite risk 
representation since the identified risk areas are being too undetailed. Therefore, the authors 
recommend using SCOR as a complement to a HAZOP methodology. 

6.2.3  Risk appetite matrix 
One important phase of the risk management work is to identify which risks that are 
considered to be the most critical for the company in terms of impact and probability. Some 
literature papers, e.g. (Dani, 2008), suggest that the multiple of the two parameters should be 
calculated in order to find the most severe risks whereas others mean that this is the wrong 
approach. In this project, a so called risk appetite matrix structure has been used with the 
purpose to assess risks and the authors believe that this is a better approach than to quantify 
the multiple of impact and probability. The main reason is because when using the multiple, 
risks with high impact/low probability are rated the same as low impact/high probability risks, 
which the authors mean is misjudging. Risks with very high impact should always be seen as 
highly critical, independently if the probability is low or high. However, risks with high 
probability do not always have to be as critical if the effect of such an event is almost 
unidentifiable. Therefore, the approach of using a risk appetite matrix fits it purpose, because 
the grey areas can be structured differently depending of the aggressiveness of the company. 
Innovative companies that take a lot of opportunity risks might want to narrow the area of the 
critical risk area, whereas companies that are facing more hazard and control risks see it more 
beneficial to widen the critical region. This project has chosen a wider critical area since 
CCES’s major focus is not on innovation and finding new risky opportunities. The authors 
have judged that the impact should be seen as a more important parameter than probability 
since CCE is a manufacturing company where the high production pace is important and 
should not be jeopardized. Therefore, this critical risk appetite matrix has a critical risk area 
that is more distributed towards the impact, see Figures 5.1-5.8.  

6.2.4  Risk register for documentation 
As described in the theory chapter, the documentation of risks is central for a good risk 
management work. Top management needs to know which concerns that are in focus for the 
company and how these should be mitigated in the most effective way. Also, the lower levels 
of the organisation need to be aware of what action can be done within his/her department in 
order to make critical risks less severe. By using a risk register, critical risks can be visualized 
and described clearly and responsibilities can be distributed to employees. The idea of a risk 
register is to evaluate it each time the risk management process should be reviewed, for 
example once a year, in order to see if deadlines are followed for decided actions, if recovery 
work have been improved (by assessing the auditing trend) and if the total risk picture have 
been changed. The aim is to, by making proactive and reactive actions, decrease the 
probability and impact for each risk so that they can be moved to the comfort area in the risk 
appetite matrix.  

One of the downsides of using a risk register for documenting risks is that it easily becomes a 
static document that is not updated as frequent as needed. The authors mean that to make the 
document more dynamic, it is vital to have an owner of the register and the risk management 
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process. That can make sure that the documents are updated frequently and that the process is 
re-evaluated on a yearly basis.  

6.3 Risk management process 
The risk management process used during this thesis work has been established by the authors 
based on supporting literature and company specific needs. The authors have put most focus 
on the identification phase, since it is believed that a well performed identification phase 
together with a good risk assessment is the base for successful next coming phases. During 
the workshops held, the available time and resources was a limiting factor, which affected the 
quality of the risks identified. Ideally, the workshops should have been a one day event with 
attendants with cross-functional knowledge. In this project, only the experts for the field that 
was discussed during the workshop was attending, which might have hindered the 
brainstorming. If the group would have been consisting of people with diverse knowledge and 
expertise, the authors believe that the workshops would result in more creative and “out of the 
box” risks. When holding the workshop with only field-specific experts, it was experienced 
that many already occurring problems where identified instead of finding possible, but maybe 
unlikely, risks. It is therefore realized that specialists sometimes have difficulties in being 
flexible and creative within their own field. The authors believe that, again, a cross-functional 
group would minimize this effect and give more diversity to the identified risks.  

For the risk avoidance mapping phase, where both proactive and reactive approaches towards 
risk mitigation and avoidance where identified, both interviews and the SCOR model were 
used as supporting tools. For the critical risks that were not specific for CCES’s operations, 
such as high inventory levels, the SCOR model could be used in order to find best practices 
supported by the performance of hundreds of companies. If interviews instead would have 
been used to find solutions for these risks, the authors mean that it would be difficult to find 
such clear and well-supported mitigation and avoidance actions as the SCOR model can 
provide with. However, the solutions suggested by SCOR might be highly demanding to 
implement since they sometimes requires complete restructuring of the organisational setup. 
Therefore, it could have been beneficial to use interviews as a secondary approach to find 
easier-to-implement solutions. During the interviews performed, a lot of ideas regarding 
proactive and reactive mitigation strategies were brought up. Because of the focus upon both 
actions to do to avoid the occurrence of the disturbance and actions to mitigate its 
consequences, diversified and creative solutions where found. However, since only one 
person was present for each interview session, the validation whether or not the answers 
where good enough was relatively weak. In order to perform a better validation, either more 
attendants should have been present during the interview sessions or the answers from each 
participant should have been sent to someone else for justification.    

6.3.1  Using resilience and audits to monitor risks 
In order to follow up if the risk avoidance and mitigation strategies are successfully 
implemented and in order to monitor if the recovery from a disturbance is improving, it has 
been suggested to use the auditing form presented in Appendix III. The audit is mainly 
focusing on improving the reactive risk management work in terms of for example good 
communication, clear structures and support from top management. The auditing is supposed 
to be performed after the occurrence of a disturbance, which makes it difficult to monitor the 
proactive work. With a successful proactive work, the risk would probably not have occurred 
at all, since the proactive work aims at avoiding the risk’s occurrence. However, by 
visualizing the criticality of the occurred disturbance with the help of the resilience triangle, a 
quantification of the loss in terms of the resilience area, which later could be translated into 
financial loss, could act as a supporting tool for convincing top management to work 
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proactively to avoid the risk. This could for example be by summarizing the total loss during a 
year and thereby convince the top management to invest in a new machine that would avoid 
that disturbance to occur. The authors believe it is vital for CCES to appoint an owner for the 
process of updating and making sure that the file maintains dynamic and not static in order to 
receive the best possible follow-up for risk management.  

6.3.2  Adapting the process to different kinds of organisations 
For this project, a high speed manufacturing industry have been analysed and the structure 
used have been adapted to CCES’s organisation. If another type of organisation wishes to 
implement risk management, the authors strongly believe that the suggested risk management 
process in this report could be used. Starting from the creation of a flow diagram could be 
beneficial for all kinds of processes analysed, independently if aims identifying risks in 
information flows, financial operations or in supply chains. Since the flow diagram can be 
created on different detail levels, both very complex processes as well as simple processes can 
be investigated. The guidewords used to identify risks are general, and will therefore be 
adaptable for risk identification in a wide range of organisations.  

6.4 Implementing risk management process into SCOR 
The authors have discovered a possibility of linking SCOR to risk management processes in 
order to make the SCOR model more comprehensive. By expanding the SCOR model with 
the project’s process for a structured risk management process (further described in chapter 
7), a more complete risk picture could be completed for the member companies of SCOR. The 
authors suggest that a new management process, called “Risk”, should be added in level 2 
together with the other already existing management processes in SCOR called Plan, Source, 
Make, Deliver, Return and Enable, see Figure 6.1. In this configuration level, the Risk process 
could be used similar as Enable and describe how to openly handle and structure risk 
management work in every separate process of SCOR. The description and of how the risk 
management process should be carried out for companies using such an updated version of 
SCOR is based on this project’s structure for a risk management process. Thus, by using an 
approach to a risk management based on workshops and the HAZOP methodology, risks can 
be identified and assessed in every process in a supply chain. Correspondingly, every existing 
management process in SCOR described in level 2 will have a close connection to an 
applicable process for how to organise and accomplish risk management procedures. The 
overall risk management process, based on the structure of this project work, is further 
defined in the conclusion chapter.  
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Figure 6.1 The SCOR model including suggested Risk Management approach 

Level 3 of SCOR comprises process element definitions, information, performance metrics as 
well as suggestions for best practices for every management process. In this third level, 
companies make sufficient adjustments to their operations strategy, which later are 
decomposed and implemented in the specific fourth level. To complete the SCOR model with 
the authors’ proposed new design and usage comprising a Risk process, Level 3 of SCOR 
need to be supplemented with additional information about this Risk process. By performing 
this report’s suggested risk management process for the member companies worldwide, the 
biggest risks for each management process of SCOR could be established. This would be 
performed by a generalisation of the critical risks identified for all member companies. Those 
established risks and related descriptions, derived from the study of member companies, could 
be included in Level 3. The management processes in Level 3 would then comprise Risk best 
practices, based on results from the suggested risk management process performed as well as 
how these risks could be assessed. In Level 4, the aim for every member company would then 
be to implement the suggested risk avoidance strategies presented and described in Level 3. 

6.5 Critical aspects 
During the initial phase of the project work at CCES, the authors made an evaluation of what 
factors, external the project, which could affect the outcome. External factors, such as 
receiving the right resources and have the right amount of time for performing a good overall 
result were identified as essential for project success. A limiting factor shown in the initial 
risk identification phase was the time needed to get an overall risk picture as well as specific 
information about every identified risk. The workshops for identifying risks could have been 
more comprehensive by involving even more personnel, if the time factor was a bit more 
flexible. To include all the personnel that the authors originally planned to involve for each 
risk area was difficult due to their individual schedules. 
Another aspect which has been identified as critical for project success is to have an owner at 
CCES for the project’s results. Without someone responsible at CCES for the risk 
management process developed, the authors believe that the tool will become static in the 
future. The authors are confident that if an owner had been clarified at a primary phase of the 
project, the results would be better supported in the future risk management processes at 
CCES.    
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7  Conclusions and future recommendations 
The project work at CCES has handled many of the essential topics which relates to an 
improved and more educated risk management structure. Conclusions drawn from the 
analysis about how to assess and manage risks and disturbances at CCES are presented in the 
following chapter. Moreover, in this chapter, matters relating to recommendations for future 
work at the company are discussed. These recommendations are matters which the project 
work addresses to a certain extent, but which could also be interesting for further follow-up in 
order to constantly develop the risk management. The conclusions chapter also presents the 
authors’ suggested framework for a risk management process that can be applied to 
organisations with different aims and objectives. Furthermore, some recommendations for 
future research studies are presented.  

7.1 Risk management work at CCES 
This chapter aims at giving CCES recommendations of actions to perform to mitigate some of 
the most critical risks identified during the project. Furthermore, this chapter will give 
suggestions on how the company can continue working with risk management in the future in 
order to create a more risk aware culture.  

7.1.1  How to work with the most critical risks and how to prioritize them 
In Appendix IV, a risk register for CCES’s most critical risks have been created where the 
risks have been given a priority order of low, medium or high. Below, actions recommended 
to perform as a first step towards risk mitigation of the most critical risks are presented. Some 
of them will be easy to implement, whereas other requires a high level of effort and 
organisational change in order for a successful implementation to become reality. 

•  Implement routines of having locked transports: Keeping all transports 
locked from supplier to CCES decreases the risk of sabotage of material. 

•  Let suppliers own all transports: Introduce supplier certification programs in 
order for all transports as well as the inspection of received goods to be managed 
externally by the suppliers. 

•  Implement six-year plan for maintenance : In order to make sure that right 
amount of spare parts exists in inventory and to avoid severe break-downs to occur. 

•  Make routines for handover between operators on shifts more 
standardized and implement hand over routine for technicians, 
electricians and team leaders : By having a checklist format of the handover 
document, the procedure will become more standardized. Make sure only value adding 
information is added, and focus upon auditing of the handover in the beginning to 
secure that the routine is followed. By implementing handover routines not only for 
operators, but also for technicians, electricians and team leaders, there will be a higher 
level of awareness of production status and current issues.  

•  Increase overlapping time between shifts : To give more quality to the oral and 
written handover between the shifts. 

•  Implement shift rotations : By letting operators work on the other shift, the team 
spirit among the entire line team will be increased. It will also be a good forum for 
ideas exchange and for supporting and teaching in areas where one team is weaker 
than the other.  

•  Introduce short cold rinse after each change over: Perform during summer 
when incoming water is warm. Do in order to cool down pipes to avoid too low CO2 
levels in produced beverage. 
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•  Cool down incoming water before it is mixed with sugar and 
concentrate: Install cooling system for incoming water in order to avoid low CO2 
levels on produced beverage. 

•  Standardize the P2P process: Define working routines, amount of bottles to 
scrap before first test and way of communicating between syrup room and production 
lines, in order to make the process standardized among all production lines. By 
creating checklists for working routines it will be easy to follow up if the standardized 
way of working have been followed or not.  

•  Measure the three phases of a P2P individually : Set individual targets for 
each phase and follow up each phase separately. Will make it easier to identify in 
which phase of the P2P the problem occurred.  

•  Introduce BRIX compensation: Compensate for BRIX in the beginning of a run 
by re-defining of specifications for BRIX limit values during start-up. Perform in 
order to avoid low BRIX and thereby avoid dumping of beverage and long product 
changes.  

•  Include overfilling as a parameter in the weekly quality report: Make 
limits for overfilling tougher and communicate the loss through the weekly quality 
reports in order to be able to respond to the risk quicker. Convert the volume loss to 
financial loss and communicate it within the organisation. Also, make the yield report 
more understandable by identification the key parameters in the file and report them as 
green or red numbers.  

The authors conclude that in order to keep the document dynamic, an owner for each of the 
actions above needs to be assigned. Also, the authors recommend giving each action a 
deadline in order for top management to easier follow up on each action’s proceeding.  

7.1.2  How to perform risk management process in the future 
As previously mentioned, one of the keys for a successful implementation and to keep the 
process of risk management dynamic is to assign an owner for the complete process. The 
owner should preferably be someone that has good insight in the entire organisation and that 
can observe the processes with critical eyes. Since the identification phase of risk 
management has been identified as a key process for successful implementation, the authors 
mean that the owner must be comfortable with leading workshop events and interviews where 
the aim is to be creative and to think outside the box. The objectives of the owner role is to 
make sure suggested actions are implemented, make sure audits are performed and follow-up 
on their result, and be responsible for performing a yearly risk management process. The 
authors can conclude that risk management should be a dynamic process in order for it to 
settle in the organisation and make impact on the processes performed. Therefore, it is 
recommended for CCES to perform a risk management process once a year where last year’s 
critical risks are re-assessed and new risks are identified. The structure of the recommended 
risk management process is described in Chapter 7.2. As a parallel activity, it is suggested to 
perform frequent risk audits in order to follow up the impact (through resilience triangle) and 
recovery work of occurred disturbances. The authors recommend using the risk audit form 
presented in Appendix III for this follow-up.  

Furthermore, in order to have a complete risk picture of the entire organisation, it is vital to 
perform the suggested risk management process on all major activities presented in the SCOR 
model. In this report, only the Source and Make processes have been analysed and the authors 
recommend to complete the analysis by performing a risk management process upon the 
remaining SCOR processes as well (Plan, Deliver, Return). The authors further mean that the 
process also should be performed upon not only internal, but also external activities that incur 
disturbances occurring in the surrounding environment, see Figure 2.1  By doing this, the 
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organisation will gain a complete risk picture and have clear actions for the most critical risks 
their organisation is facing. In order to get support, training and feedback for the different 
business processes performed, it is recommended for CCES to become a member of the 
Supply Chain Council and thereby get access to the best practices presented in the latest 
version of the SCOR model. By doing this, SCOR can be used both for identification of risks 
by comparing SCOR best practices to CCES’s current processes and also as a tool for finding 
mitigation actions to already identified risks. By comparing the SCOR member companies to 
the industrial average during the last eight years, it can be concluded that SCOR members, in 
average, shows a growth rate of nearly 40% higher than the industrial average (Supply Chain 
Council, 2012). This is a proof for the value of becoming a member of the Supply Chain 
Council. 

7.2 How to implement successful risk management in an organisation’s 
supply chain 

Even if this project has performed a risk management process based on CCES’s needs and 
current conditions, it can be concluded that a generalisation of the model can be made in order 
for it to be applicable to many different kind of organisations. As discussed in previous 
chapter, the usage of HAZOP methodology for risk identification can be applied to a wide 
range of operations and processes, and the SCOR model is also concluded to be an effective 
model independently of the business structure. In Figure 7.1, a risk management process has 
been created by the authors that can be used and structured in different ways depending on the 
organisation’s objectives with the risk management implementation. 

The model presented in Figure 7.1 is consisting of five major steps and six supporting tools. 
To strengthen the importance of keeping the process dynamic, the five steps are visualized in 
a cyclical, continuous process. Connected to the key phases are the supporting tools that will 
assist in each phase. Below, each phase will be described further. 

1.  Critical risk identification: After the scope of the risk management work has 
been determined by the organisation, a SCFD should be created for the operations 
aimed to analyse. By using the guidewords suggested by HAZOP, all risks belonging 
to each element of the SCFD can be identified. The identification should preferably be 
performed in a workshop event consisting of a cross-functional group of people with 
different expertise areas. When risks have been identified, a second workshop should 
be held with the same group of people in order to distinguish causes and 
consequences, probability and impact for each risk. When determining the probability 
and impact for each risk, it is of high importance to have a standardised way to assess 
the risks. By using the guidelines for assessment rating provided in Table 3.1, 
subjectivity will easier be avoided. In order to give the assessment more validity, the 
authors find it important to have the same moderator for all workshop events. The 
moderator will assist in assessing all risks in a standardised way and give the rating the 
same meaning for all participants. As a parallel activity to the risk identification 
workshop, SCOR should also be used for risk identification. By comparing the key 
processes performed by SCOR to internal processes, mismatches can be found which 
can be identified to be risks for the company since SCOR aims at presenting the best 
practices for each process. The next tool to use is the risk appetite matrix that first has 
to be designed based on the company’s strategy. A company taking many opportunity 
and control risks should have a smaller area assigned to critical risks, and 
organisations facing a high level of hazard risks should on the other hand have a larger 
critical risk area. When the matrix has been created, all identified risks should be 
placed in the diagram and the critical risks will thereby be visible.   
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2.  Risk avoidance mapping: In order to find proactive and reactive actions towards 
mitigating or avoiding the identified critical risks, both SCOR and employee 
interviews can be performed. SCOR can support in finding general solutions created 
based on member companies’ best practices, and interviews can be performed for 
more company specific risks. During the interviews, effort should be put on finding 
both reactive and proactive solutions. It is recommended to perform interviews with 
the same people as earlier joined the workshops, since they have the basic concept of 
the identified risks fully understood. However, an important part of the interview 
process is to validate the answers given by presenting the suggested actions to other 
people in the organisation in order to make sure that the suggestions are feasible.   

3.  Implementation: This step starts with the creation of a risk register, where actions 
to perform are prioritized and an owner is assigned to each project. The 
implementation aim at introducing the prioritized proactive and reactive actions to the 
organisation and make them a part of the normal working routines.  

4.  Documentation: The risk register will also be used for documenting the key 
findings during the risk management process in order for top management as well as 
other parts of the organisation to have a clearly communicated risk picture.  

5.  Follow-up: By performing audits frequently after the occurrence of a disturbance, 
the organisation can monitor the progress of implemented mitigation strategies. The 
proactive actions are effective if a certain disturbance stops occurring, occurs less 
frequently, or results in a smaller resilience triangle. The reactive actions are effective 
if the audit result for recovery work is increased. The follow-up step also includes 
closing the cycle by, on a yearly basis, starting over from step one. The second time a 
risk cycle is begun, risks identified from previous year will be re-assessed during the 
workshops. The intention is that these risks will be placed closer to the lower left 
corner in the risk appetite matrix during the second year’s assessment due to the 
mitigation actions performed. 
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Figure 7.1 The risk management process and its belonging tools recommended by the authors. 
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7.3 Suggestions of future research studies 
Since this project has been lasting only for one semester, there have been limitations 
regarding the scope of the studies performed. The authors have therefore suggested two 
studies that are recommended to perform in the future within this research area.  

• Introduce the parameter “Risk” into the SCOR model and generalize 
critical risks: As described in previous chapter, the authors recommend extending 
the SCOR model by introduction of a process called “Risk”. By using the risk 
management process suggested in Figure 7.1 on all member companies of SCOR, the 
critical risks each company is facing for each of the five management processes Plan, 
Source, Make, Deliver, and Return can be identified. A suggestion of future studies is 
thereby to gather all the risks from each of the companies in order to generalize critical 
risks within Plan, Source, Make, Deliver and Return. 

• Convert the size of the resilience triangle into financial loss : The 
resilience area is in this project used to visualize the loss an observed disturbance will 
cause. However, the area of the triangle does not correspond to the financial loss it 
means to the company, for example in terms of lost production time, rework or 
decreased customer reputation. An idea would therefore be to find a link between the 
quantified area of the resilience triangle and the financial losses it will bring to the 
company. By performing this research, the resilience will act as a more powerful tool 
towards convincing top management to implement suggested activities in order to 
reduce the financial loss a particular disturbance brings.   
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Appendix I – Identified risks 
 

Cat
e- 

gor
y 

Elem
ent Parameters Guidewords and 

explanation Causes Consequences Pro
b. 

Imp
act 

S 

S101 

Supplier 
name 

Atlantic Industries/ 
The Coca Cola 
Company 

NO No 
material at 
supplier 

Wrong forecasts 
(wrong in SAP) 

Cannot produce 
affected products 

6 8 

Raw material Syrup 

Production in 
Ballina does not 
work 

Cannot produce the 
2nd week 

1 8 

Location Ireland 

MORE Too much 
material 
delivered 

More than 
ordered 
delivered 

Increased 
inventory, more 
material to handle 

2 2 

Lead time 2 weeks 
MORE Increased 

price of 
material 

Increased price 
of raw material 

Affect cost of 
production (profit) 

5 7 

Frequency of 
delivery 

Delivery 1 time 
per week 

Wrong price on 
invoice (FTA 
Lemon) 

4 4 

  

LESS Too little 
material 
delivered 

Complete or part 
of delivery 
missing, but not 
recognized (No 
documentation 
for routine for 
receiving of 
goods in QMS) 

Have to pay for 
more than 
delivered 

3 6 

Lack of material 
for production 

2 8 

LATE Too long 
lead time 

Strike in 
harbour/bad 
weather 

Cannot produce (if 
more than two 
weeks) 

2 8 

2 weeks lead 
time 

Have to keep high 
inventory levels, 
which gives high 
inventory costs and 
increased 
administration) 

10 6 

OTHER 
THAN 

Supplier 
delivers 
wrong 
material 

Wrong material 
picked in 
Ballina 

Cannot produce 2 8 

Does not 
recognize that 
wrong material 
is delivered due 
to lacking 
routines for 
receiving of 
material 

Difference 
between actual and 
perceived 
inventory levels 

2 6 

S102 

Supplier 
name 

Nordic sugar NO No 
material at 
supplier 

Failure at 
production site 

No sugar 
delivered, cannot 
produce the 2nd day 

2 9 

Raw material Sugar (l), Sugar (s) Bad harvest of 
sugar-beets 

To little material 
delivered 

1 10 

Location Arlöv, Sweden  
and Örtofta, 
Sweden 

MORE Too much 
material 
delivered 

Too much 
ordered 

Have no room for 
storage (can store 
in bulk tanks) 

4 2 

Lead time 1 day If stored too long, 
best before day can 
run out which 
results in scrap 

1 6 

  MORE Increased 
price of 
material 

Bad harvest 
(lack of raw 
material) 

Affect production 
cost (profit)  

2 6 

LESS Too little 
material 
delivered 

Forecasts not 
correct 

Cannot produce 
after a time 

1 7 
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LATE Too long 
lead time 

Problems with 
transport 

Emergency 
solutions applied 
(other 
transportation 
method). If not 
delivered 2st day, 
cannot produce 

3 8 

S103 

Supplier 
name 

Stockholm vatten 
via  
Haninge kommun 

NO No water 
available 

Problems with 
infusion  of 
water 

Cannot produce 2 10 

Raw material Municipal water Contamination 
in water, so 
cannot deliver 

Cannot produce 2 10 

S104 

Supplier 
name 

Haninge kommun NO No water 
available 

Problems with 
infusion  of 
water 

Cannot produce 
BA 

3 7 

Raw material Spring water Contamination 
in water, so 
cannot deliver 

Cannot produce 
BA 

3 7 

S105 

Supplier 
name 

AGA NO No 
material at 
supplier 

Failure at 
production site 
(AGA) 

Cannot produce 
carbonated 
beverage 

1 9 

Raw material CO2 MORE Increased 
price of 
material 

Raw material 
price increased 

Higher production 
costs (profit) 

2 4 

Location Örebro LESS Too little 
material 
delivered 

CO2 delivered 
not approved by 
CCE and have 
to be sent back 

When inventory 
empty it creates 
stop in production 
of carbonated 
beverage 

2 2 

Delivery 
frequency 

Every 3rd day (20 
tons) 

LATE Too long 
lead time 

Problems with 
transport 

Stop in production 
after XX days 

4 4 

  

S106 

Supplier 
name 

Petainer NO No 
material at 
supplier 

Failure at 
production site 

Will run out of 
preforms  after 
approx. 1week and 
cannot produce the 
products affected 

2 7 

Raw material Preforms MORE Too much 
material 
delivered 

Wrong forecasts High inventory and 
administration 
difficulties 

4 5 

Location Lidköping MORE Increased 
price of 
material 

Increased price 
of plastic 

Higher production 
costs (affect profit) 

5 6 

Lead time Normally 1 day, 
but if they don't 
have the product in 
inventory it can 
take much longer 
8 days planned 
delivery time in 
SAP 

LESS Too little 
material 
delivered 

Wrong forecasts Risk of running out 
of material 

4 7 

Cost 63,33 Euro /1000 
preforms 

Wrong amount 
delivered 

  7560 preforms 
/cage 

LATE Too long 
lead time 

Problems with 
transports 

Have to re-plan 
production 

6 3 

  PART 
OF 

Decreased 
flexibility 
of supplier 

Difficulties to 
handle 
differences in 
order size 

Long lead times 
results in the need 
of high inventory 
levels 

2 4 

Takes long time 
for supplier to 
be able to 
produce new 
materials 

Problems with 
quality of 
product/Have to 
find alternative 
supplier 

2 4 

OTHER 
THAN 

Supplier 
delivers 
wrong 
material 

Problems with 
picking at 
Petainer 

Send back delivery 
and decreased 
inventory levels on 
affected material 

2 3 
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S107 

Supplier 
name 

Bericap NO No 
material at 
supplier 

Failure at 
production site 

Will run out of 
caps  after approx. 
2 weeks and 
cannot produce the 
products affected 

2 5 

Raw material Caps, plastic MORE Too much 
material 
delivered 

Wrong forecasts High inventory and 
administration 
difficulties 

5 5 

Location Budenheim, 
Germany 

MORE Increased 
price of 
material 

Increased price 
of plastic 

Higher production 
costs (affect profit) 

4 4 

Lead time 14 days (9 days in 
SAP) 

LESS Too little 
material 
delivered 

Wrong forecasts Have to re-plan 
production 

5 3 

Cost 8,06 Euro/1000 
caps 

Supplier deliver 
wrong amount 

4 3 

  Supplier for all 
CCE plants 

LATE Too long 
lead time 

Problems with 
transports 

Late deliveries 
resulting in re-
planning 

7 3 

  2 weeks lead 
time 

Need high levels of 
inventory due to 
many product 
variants, which 
gives high 
inventory costs and 
increased 
probability of 
handling problems 

10 5 

PART 
OF 

Decreased 
flexibility 
of supplier 

Supplier have 
difficulties to 
handle 
differences in 
order size 

Long lead times 
which means need 
of high inventory 
levels 

2 5 

OTHER 
THAN 

Supplier 
delivers 
wrong 
material 

Problems with 
picking at 
Bericap 

Send back delivery 
and decreased 
inventory levels on 
affected material 

2 3 

LATE Late 
deliveries 
of new 
caps/promo
tion caps 

Changes from 
market not 
communicated 
to production 

Late deliveries of 
products with 
new/promotion 
caps to customers 

8 7 

Too tightly 
planned 
production of 
bottles with new 
caps 

8 7 

S108 

Supplier 
name 

Constantia NO No 
material at 
supplier 

Failure at 
production site 

Will run out of 
caps after approx. 
1 week and cannot 
produce the 
products affected 

2 7 

Raw material Labels MORE Too much 
material 
delivered 

Wrong forecasts High inventory and 
administration 
difficulties, but 
higher flexibility 

5 4 

Location Hann. Münden, 
Germany 

MORE Increased 
price of 
material 

Increased price 
of raw material 

Higher production 
costs (affect profit) 

2 5 

Lead time 1 week (5 days in 
SAP) 

LESS Too little 
material 
delivered 

Wrong forecasts Have to re-plan 
production 

5 3 

Cost 3,63 Euro/1000 
labels 

Supplier deliver 
wrong amount 

4 3 

  LATE Too long 
lead time 

Problems with 
transports 

Late deliveries 
resulting in re-
planning 

7 3 

PART 
OF 

Decreased 
flexibility 
of supplier 

Difficulties to 
handle 
differences in 
order size 

Long lead times 
results in need for 
high inventory 
levels 

2 5 

OTHER 
THAN 

Supplier 
delivers 
wrong 
material 

Problems with 
picking at 
Constantia 

Send back delivery 
and decreased 
inventory levels on 
affected material 

2 3 
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LATE Late 
deliveries 
of new 
labels/pro
motion 
labels 

Changes from 
market not 
communicated 
to production 

Late deliveries of 
bottles with 
new/promotion 
labels to customers 

8 7 

Too tightly 
planned 
production of 
bottles with new 
labels 

8 7 

S109 

Supplier 
name Doxa 

NO No 
material at 
supplier 

Failure at 
production site 

Will run out of 
preforms  after 
approx. 1 week and 
cannot produce the 
products affected 

2 5 

Raw material 

Shrink wrap 
plastic transparent  
+ stretch wrap 

MORE Too much 
material 
delivered 

Wrong forecasts High inventory and 
administration 
difficulties, but 
higher flexibility 

5 3 

Location Värnamo, Sweden 

MORE Increased 
price of 
material 

Increased price 
of raw material 

Higher production 
costs (affect profit) 

5 3 

Lead time 1 week 

LESS Too little 
material 
delivered 

Wrong forecasts Have to re-plan 
production 

5 2 

Cost 

Shrink wrap: 17,15 
SEK/kg,  
1 pallet 1,464 kg 

LATE Too long 
lead time 

Problems with 
transports 

Late deliveries 
resulting in re-
planning 

7 3 

  

Stretch wrap: 
17,85 SEK/kg,  
1 pallet 0,4 kg 
(only multipack) 

PART 
OF 

Decreased 
flexibility 
of supplier 

Difficulties to 
handle 
differences in 
order size 

Long lead times, 
high inventory 
levels needed 

2 3 

  

Takes long time 
for supplier to 
be able to 
produce new 
materials 

Problems with 
quality of 
product/Have to 
find alternative 
supplier/Increased 
costs 

2 3 

S110 

Supplier 
name 

Smurfit Kappa NO No 
material at 
supplier 

Failure at 
production site 

Will run out of 
cardboard sheets  
after approx. 1 
week and cannot 
produce the 
products 
affected/have to 
palletize without 
cardboard sheets 

2 5 

Raw material Cardboard sheets MORE Too much 
material 
delivered 

Wrong forecasts High inventory and 
administration 
difficulties, but 
higher flexibility 

5 2 

Location Torup, Sweden MORE Increased 
price of 
material 

Increased price 
of raw material 

Higher production 
costs (affect profit) 

2 2 

Lead time 1 week LESS Too little 
material 
delivered 

Wrong forecasts Cannot produce the 
products 
affected/have to 
palletize without 
cardboard sheets 

5 2 

Cost 4354 SEK /1000 
cardboard sheet  
(3 sheets /pallet) 

LATE Too long 
lead time 

Problems with 
transport 

Rescheduling of 
production 

5 2 

 

Catego
ry 

Eleme
nt Parameters Guidewords and 

explanation Cause Consequenc
e 

Pro
b.  

Impa
ct 

M M101 

Material Syrup AS WELL 
AS 

Impurities 
present in 
raw material 

Broken or 
damaged boxes 
(not on purpose) 

If routines 
followed, the 
material will 
be scrapped 

2 2 
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  Broken or 
damaged boxes 
(not on purpose) 

If routines 
not followed, 
risk of 
getting 
impurities in 
final product 

2 5 

Bad product 
from supplier 

Bad product 
to customer 

1 10 

OTHER 
THAN 

Deviations 
under 
transport 

No controls of 
having locked 
trucks 
throughout the 
transport 
(demand from 
CCE) 

Risk for 
sabotage of 
concentrate 

6 10 

Contaminated 
transport due to 
bad cleaning 

Risk that 
concentrate 
does not 
fulfil 
specification
s 

2 3 

Temperature not 
kept according 
to specifications 
(temperature 
logs not present 
in each 
transport. Not 
enough 
knowledge about 
which temp 
deviations that 
are ok) 

Microbiologi
cal growth 

2 4 

 LESS Bad mixing 
of beverage 
base 
(sedimentatio
n)  

Not enough 
technical/equipm
ent capability to 
mix beverage 
base 

Taste 
deviations on 
final product 

6 7 

M102 

Material Sugar AS WELL 
AS 

Impurities 
present in 
raw material 

Off taste due to 
bad cleaning of 
bulk tank 

Transfer of 
taste to 
product 

2 2 

Specificati
on 

65% BRIX Allergens 
present due to 
bad cleaning of 
bulk tank 

Allergens in 
final product 

2 6 

  OTHER 
THAN 

Deviations 
during 
transport 

No controls of 
having locked 
trucks 
throughout the 
transport 
(demand from 
CCE) 

Risk for 
sabotage of 
concentrate 

6 10 

Contaminated 
transport due to 
bad cleaning 

Risk that 
concentrate 
does not 
fulfil 
specification
s 

2 3 

Temperature not 
kept according 
to specifications 
(temperature 
logs not present 
in each 
transport. Not 
enough 
knowledge about 
which temp 
deviations that 
are ok) 

Microbiologi
cal growth 

2 4 

M104 Material 

Communal 
water,  
untreated 

AS WELL 
AS 

Impurities 
present in 
raw material 

Communal 
water 
contaminated 

Cannot 
produce 

1 10 
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M105 

Material Spring water,  
untreated 

AS WELL 
AS 

Impurities 
present in 
raw material 

No routines for 
maintenance 
work in  bore 
hole 

Risk of 
microbiologi
cal 
contaminatio
n 

5 3 

  Water 
contamination in 
water protection 
area 

No spare 
spring,  
cannot 
produce BA 

4 8 

M106 
Material CO2 No critical risks identified          

              

M107 

Material Preforms 

AS WELL 
AS 

Impurities 
present in/on 
material 

Open cages Dirt on 
preforms 
delivered to 
CCES 

7 2 

Quantity 
needed  
(for one 
pallet) 1000 pcs 

No routines for 
locked transport 
during 
transportation 

Risk for 
sabotage 

6 7 

Specificati
on 40,1 g 

OTHER 
THAN 

Oval 
preforms 

Bad transport 
conditions (high 
temperature) 

Crashes in 
blowing 
machine 

7 6 

  

Damaged rim Poor quality 
check during 
production 
process  at 
supplier/transpor
t 

Leakage of 
CO2 

6 7 

No 
traceability 

Lack of labels 
on cages, no 
routines for 
loading/unloadin
g 

Time-
consuming, 
lack of 
material for 
production, 
no 
traceability 

7 3 

M108 

Material Caps 

AS WELL 
AS 

Impurities 
present in 
raw material 

Wooden pallets 
chemically 
treated 

Bad smell on 
caps  
delivered to 
customer 

3 7 

Quantity 
needed  
(for one 
pallet) 1000 pcs  

Ocatibine/boxes 
open (not always 
closed on S4) 

Impurities 
and 
microbiologi
cal 
contaminatio
n  

8 3 

  

Bad/lack of 
cleaning and 
inspection 
routines for 
transport 
conveyor 

Impurities 
and 
microbiologi
cal 
contaminatio
n  

5 3 

Routines for 
handling of caps 
not followed 

Impurities 
and 
microbiologi
cal 
contaminatio
n  

3 3 

OTHER 
THAN 

Oval caps Bad transport 
conditions (high 
temperature) 

Stops in 
machines, 
frustration 

7 5 

Poor quality 
check during 
production 
process  at 
supplier/transpor
t 

7 5 

M109 
Material Label rolls No critical risks identified          

              

M110 Material 
Shrink wrap 
plastic No critical risks identified          
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M111 Material 
Plastic for 
pallets No critical risks identified          

              

M112 Material 
Cardboard 
sheets No critical risks identified          

              

Categ
ory 

Eleme
nt Parameters Guidewords and explanation Causes Consequences Probab

ility 
Imp
act 

P 

P101 

Type 
of 
process 

Pasteuriza
tion 

PART OF One or more 
stages in 
process does 
not work 
properly 

Pasteurizer 
leakage (external) 

Sugar leaking 
out, small risk of 
people getting 
hurt 

5 2 

Materi
al input 

Sugar (s) Pasteurizer 
leakage (internal) 

Contamination, 
microbiological 
growth in the 
sugar 

3 7 

Materi
al 
output 

Sugar (l) MORE Temperature 
too high 

Temperature 
sensor error 

Surface burning 
in pasteurizer 
which can result 
in decreased 
capability to heat 
(isolation layer) 

3 4 

Import
ant 
parame
ters 

Temperat
ure, sugar 
input 
amount 

Alarm boundaries 
changed manually 

5 4 

 LESS Temperature 
too low 

Incoming water 
too low 
temperature 

Does not get 
enough 
pasteurized 
which can result 
in 
microbiological 
growth 

5 7 

Alarm boundaries 
changed manually 

5 7 

OTHER 
THAN 

Too high 
amount of 
input sugar 

No identified 
cause 

Cannot pump 
sugar (s) and the 
complete unit has 
to be 
disassembled. 
Results in 
machine stop 

4 2 

P102 

Type 
of 
process 

Cleaning 
incoming 
water in a 
number of 
steps 

PART OF One or more 
stages in 
process does 
not work 
properly 

UV light failure Water treatment 
facility stops, 
have to exchange 
UV-light 

3 8 

Materi
al input 

Water, 
untreated 

LESS Material flow 
pressure too 
low 

Incoming pressure 
does not work 

Water treatment 
facility stops 

2 8 

Materi
al 
output 

Water, 
treated 

 Pump failure Running on 
lower capacity 

5 5 

P103 

Type 
of 
process 

Blowing 
plastic 
preforms 
into PET 
bottles 

NO No flow of 
preforms 

No filling up of 
preforms 

Machine stops 2 2 

Materi
al input 

Preforms Preform 
conveyors doesn’t 
work 

S10 down 5 5 

Materi
al 
output 

Bottles NO No high 
pressure 

High pressure 
compressors break 
down (not 
reliable)  (one 
down) 

Decreased flow 
(can produce on 
2/3 lines) 

5 4 
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MTBF 00:19:48 Two down Can produce on 
1/3 

3 8 

MTTR 00:02:27 MORE Temperature 
too high 

Wrong 
settings/recipe 
(competence) 

Risk of stress 
cracking 

3 6 

Import
ant 
parame
ters 

Temperat
ure, 
pressure, 
flow of 
preforms 

Wrong 
adjustments on 
light bulbs 

3 6 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

MORE Pressure too 
high 

Wrong 
settings/recipe 

Risk of stress 
cracking 

3 6 

MORE MTTR too 
long 

Lack of 
competence/new 
employees  

Higher 
probability of 
wrong settings 

2 3 

Less competence 
during afternoon 
shift 

Cannot produce 
on S8 

4 7 

Lack of spare 
parts/tools 

Have to wait 
until spare parts 
arrive or order 
with express 
delivery 

3 7 

LESS Pressure too 
low 

Wrong 
settings/recipe 

Risk of stress 
cracking 

3 6 

LESS Temperature 
too low 

Wrong 
settings/recipe 

 Risk of stress 
cracking 

3 6 

Too less frequent 
exchange of light 
bulbs 

3 6 

LESS MTBF too 
short /is  short 

Lot of minor stops  Takes 10 minutes  
after each minor 
stop (no buffer) 

7 7 

OTHER 
THAN 

Wrong types 
of preforms 
used 

Manual filling of 
preforms wrong 

Mixing of 
preforms 

2 3 

P P201 

Type 
of 
process 

Mixing 
input 
materials 
in dicon 
pipes 

MORE Temperature 
too high 

High temperature 
on incoming water 

Too warm 
beverage 
released to 
carbonization à 
Low CO2 

10 1 

Materi
al input 

Syrup+ 
sugar+ 
water 

Coolers does not 
work 

Materi
al 
output 

Un-
carbonate
d 
beverage 

LESS Pressure too 
low 

Manual errors due 
to wrong 
adjustments 

Problems to 
deliver beverage 
to line à No flow 

3 3 

MTBF 02:19:07 OTHER 
THAN 

Wrong 
materials 
mixed (e.g. 
wrong 
syrup/sugar 
into dicon) 

ID number on 
recipes wrong 
(two recipes have 
the same number) 

Wrong recipe 
delivered to 
dicon 

3 2 

MTTR 00:05:32 BEFORE Mixing 
performed 
before 
cleaning of 
pipes/tanks 

Lack of cleaning 
routines (wrong or 
no CIP 
performed) No 
CIP memory 
exists on Diesel 

Traces of 
aspartame in 
sugar product or 
vice versa 

2 8 

  
  
  
  
  

Transfer of taste 
from one 
beverage to 
another 

  Identified 
flow when no 

Leakage in heat 
exchanger for CIP 

Microbiological 
growth 

6 6 
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flow should 
be present 

water Air in VS10 
which gives 
differential 
pressure alarm 
on S9 pasteurizer 
which results in 
stopson S9 

NO/LOW/HI
GH 

Wrong 
amount of 
part 2 CC 

Error on mass 
flow measuring 
device (hard to 
detect) 

Economical: 
Have used too 
much concentrate 

8 6 

No method for 
detecting how 
much of part 2 
there exists in 
beverage 

Quality risks 

P202 

Type 
of 
process 

Carboniza
tion in 
tank 

NO No CO2 
added to 
process 

Pipe leakage/pipe 
failure 

Stop at all lines 
except S7 

2 9 

Materi
al input 

Un-
carbonate
d 
beverage+
CO2 

Valve 
leakage/valve 
failure 

Health Risk 
(Alarm not 
installed 
everywhere) 

Materi
al 
output 

Carbonate
d 
beverage 

NO No first 
emptying of 
tank 
performed 

Program failure Low CO2, lost 
production time, 
frustration 
among workers 

7 8 

  
  

Broken valve 

LESS Low CO2 
delivered 

Vaporization does 
not work due to 
low temperature 
in vaporization 
room.  (Low heat 
from real estate. 
Either due to 
changed manually 
or a failure) 

Vaporizers get 
frozen and liquid 
and solid CO2 
fills up the pipes 
which results in 
that line stops 

4 4 

Low CO2 in 
beverage 

Wrong 
adjustments and 
lack of routines 

Have to dump 
carbonization 
tank which 
means lost 
production time 

7 8 

LATE Change of 
product (P2P) 
is taking too 
long time 

No existing 
routines telling 
when syrup room 
should release 
beverage to line 

Lost production 
time 

8 7 

Lack of 
communication 

P203 

Type 
of 
process 

Filling 
and 
capping 
of bottles 

NO No flow of 
bottles 

Failure in blowing 
room 

Running on half 
speed 

7 7 

Materi
al input 

Carbonate
d 
beverage+ 
bottles+ 
caps 

Problems with in 
feed to filling 
machine 

Cannot produce  
or produces with 
more stops 

5 5 

Materi
al 
output 

Filled 
bottles 

Bottles get stuck 
in air conveyors 

Extra resources 
needed 

10 5 

  
  
  
  
  
  
  
  

Air conveyors 
does not work 
(electrical failure) 

Two lines down 2 9 

MORE Temperature 
too high  on 
incoming 
beverage 

Lack of cooling Foaming – 
running on low 
speed/cannot run 

8 7 

Low CO2 
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MORE Pressure too 
high 

Wrong settings 
(manual) 

Washer in filling 
valves worn 
which results in 
underfilling and 
out sorting 

3 6 

Foaming – 
running on low 
speed/cannot run 
Low CO2 

MORE MTTR too 
long 

Competence/Poor 
hand over 
between shifts 

S8: Takes time to 
do adjustments 
properly.  

7 7 

Lack of spare 
parts/tools 

S6/S10: Break 
downs 

3 5 

  Line stopped 
until spare parts 
arrive. High 
costs if express 
order 

7 7 

LESS Pressure too 
low 

Wrong settings Problems  with 
CO2 during start-
up / cannot fill 
bottles (no 
beverage  to 
filling machine) 

3 3 

Mechanical 
failure 

3 5 

LESS Less 
technicians 
on line (S8) 

Misbalance in 
resources between 
lines 

Less preventive 
maintenance 

8 5 

Less status 
control before 
overhaul 

NO No caps put 
on bottle 

Lost cap Machine stops / 
bottles without 
caps sorted out 

2 2 

MORE Filling bottles 
too much 

Wrong settings on 
filler valves 

Lost beverage 8 9 

LESS Less cleaning 
than required 
performed 

Does not follow 
routines 

Decreased 
MTBF 

2 8 

Hygienically 
risk/bad quality 
of product 

LESS Less 
maintenance 
than required 
performed 

Does not follow 
routines 

Decreased 
MTBF 

2 8 

Bad routines 
(routines not 
prioritized) 

High costs of 
exchanging spare 
parts 

5 8 

LESS Caps not 
tightened 
enough 

Measuring device 
broken 

Hard for 
consumer to 
open bottle 

2 4 

Low CO2 

OTHER 
THAN 

Wrong caps 
used 

Manual error Bottles sorted out 
and caps  have to 
be changed 

3 3 

P204 

Type 
of 
process 

Labelling 
of bottles 

NO No labels put 
on bottle 

Too little glue If quality control 
does not work, 
bottles  without 
labels can then 
go to customer 

8 5 

Materi
al input 

Filled 
bottles+ 
labels 

Wrong 
adjustments on 
knife 

If adjusted 
wrong, machine 
might crash and 
line stops 

3 8 

Materi
al 
output 

Labelled 
bottles 

Too much 
distance between 
transfer drum and 
bottle 

If quality control 
works, no impact 

  1 

MTBF 00:31:07 MORE Too high flow 
of incoming 
bottles 

Lack of conveyor 
lubrication 
(automatic). Does 
not start properly 
after 
cleaning/major 
stop/start-up 

Bottles falling 
and machine 
stops 

6 2 
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MTTR 00:02:04 MORE MTTR too 
long 

Lack of the right 
competence/Bad 
handover between 
shifts 

Increased risk of 
problems  on S8 
due to less 
people with 
competence on 
labelling 
machine à 
Increased MTTR 

7 7 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Lack of spare 
parts/tools 

Line stopped 
until spare parts 
arrive. High 
costs if express 
order 

LESS Less cleaning 
and 
maintenance 
than required 
performed 

Does not follow 
routines 

Decreased 
MTBF 

2 8 

Bad routines (not 
prioritized) 

High costs of 
exchanging spare 
parts 

5 8 

LESS MTBF too 
short 

Many new labels 
that require fine 
adjustments on 
settings 

Many stops 2 4 

LESS Lack of 
technicians 
(S8) 

Misbalance of 
resources between 
lines 

Less preventive 
maintenance 

8 5 

Less status 
control before 
overhaul 

PART OF Labels not cut 
properly 

Wrong settings Out sorted 
bottles which 
gives rework 

4 6 

Worn knife Decreased 
MTBF 

Bad vacuum Have to clean 
machine (can 
take a few hours) Less cleaning than 

required 
OTHER 
THAN 

Wrong labels 
used 

Manual  error Bottles sorted out 
and labels  have 
to be changed 

3 7 

Storage room 
organisation 

Hard to find the 
right labels? 

Not specified in 
production plan 
which one to use 
(lack of 
communication) 

Can result in 
wrong labels to 
customer  (wrong 
ingredients on 
label) 

P205 

Type 
of 
process 

Single 
packing 

NO No Cardboard 
sheets put 
between 
layers 

Cardboard sheets 
wrong humidity 

Cardboard sheets 
dropped at wrong 
place 

6 4 

Materi
al input 

Labelled 
bottles+ 
plastic 
trays+ 
Cardboard 
sheets 

Suction function 
failure 

Gripper cannot 
lift Cardboard 
sheets 

2 4 

Materi
al 
output 

Single 
packed 
bottles 

MORE MTTR too 
long 

Lack of the right 
competence/Bad 
handover between 
shifts 

Single line 
stopped until 
spare parts arrive 
or until problems 
fixed. High costs 
if express order 

4 5 

  Lack of spare 
parts/tools 

P206 

Type 
of 
process 

Multi-
packing 

NO No feed of 
plastic 

No plastic roll  
installed (human 
error) 

Machine stops 6 2 

Materi
al input 

Labelled 
bottles+ 
shrink 
wrap 
plastic 

Feeding unit 
broken 

3 5 

Materi
al 
output 

Multi-
packed 
bottles 

MORE Too long 
piece of 
plastic on 
each 
multipack 

Wrong settings on 
machine 

Too much plastic 
than supposed is 
used which will 
increase 
production costs 

4 2 
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MTBF 00:16:00 MORE Temperature 
in oven too 
high 

Wrong settings Plastic will melt 
over bottles 

3 4 

MTTR 00:01:27 MORE Conveyor 
speed through 
oven too high 

Wrong settings Plastic will not 
be heated 
enough, 

3 6 

  
  
  
  
  
  
  
  
  
  

Unstable 
multipack 

MORE MTTR too 
long 

Lack of the right 
competence/Bad 
handover between 
shifts 

Multipack line 
stopped until 
spare parts arrive 
or until problems 
fixed. High costs 
if express order 

4 5 

Lack of spare 
parts/tools 

LESS Too short 
piece of 
plastic on 
each 
multipack 

Wrong settings on 
machine 

No multipacks 
will be produced 
and bottles will 
fall 

3 5 

LESS Temperature 
in oven too 
low 

Wrong settings Plastic will not 
be heated enough 
and multipacks 
will be unstable 

3 6 

LESS Conveyor 
speed through 
oven too low 

Wrong settings Plastic will melt 
over bottles 

3 4 

OTHER 
THAN 

Missing 
bottles in 
multipack 

Sensors and 
guides does not 
work 

Not complete 
multipacks 
produced 

4 6 

P207-
P208 

Type 
of 
process 

Palletizin
g 

NO No feed of 
plastic 

No plastic roll  
installed (human 
error) 

Machine stops 6 2 

Materi
al input 

Bottles+ 
pallets+ 
plastic for 
pallets 

Feeding unit 
broken 

3 5 

Materi
al 
output 

Palletized 
multipack 
cases 

MORE Too much 
overhang on 
finished 
pallets 

Pallet robot wrong 
settings 

Problems with 
handling of 
pallets in 
warehouse, 
rework 

1 7 

MTBF 00:25:12 Unstable 
multipacks 

3 7 

MTTR 00:03:30 MORE MTTR too 
long 

Lack of the right 
competence/Bad 
handover between 
shifts 

Line running on 
50% until spare 
parts 
found/problem is 
fixed 

4 4 

  
  
  
  
  
  
  
  
  
  
  
  
  
  

Lack of spare 
parts/tools 

3 4 

LESS Too little 
plastic 
wrapped 
around pallet 

Wrong settings 
used 

Unstable pallets 3 7 

LESS Plastic not 
tightened 
enough 

Machine not 
working properly 

Unstable pallets 3 7 

Wrong settings 
used 

LESS MTBF too 
short 

Maintenance work 
not performed 

More stops and 
increased ware of 
machine parts 

2 7 

OTHER 
THAN 

End of plastic 
not attached 
properly 

Robot not cutting 
the plastic 
correctly when 
done 

Pallets with loose 
plastic 

4 4 

Robot uses wrong 
movement when 
finishing the 
plastic binding 

OTHER 
THAN 

Wrong pallets 
used 

Correct pallets not 
available  

Rework or 
customer 
complaint 

2 7 

Lack of 
competence for 
pallet selection 

2 7 
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Catego
ry 

Eleme
nt Parameters Guidewords and 

explanation Causes Consequences Pro
b. 

Impa
ct 

I 

I101 

Stored 
material Syrup 

NO No 
material 
in 
inventory 

Increased sales Cannot produce/Have 
to re-plan 

6 8 

Average 
time spent 11-13 days 

Leakage Lost raw material 1 8 

  

Concentrate gets old More work when 
trying to save process 

2 8 

Lack of forecast No material to 
produce 

5 8 

Poor heads up from 
Norway about 
forecasts 

Re-planning in 
production (LU 
affected) 

8 6 

MORE Too high 
level of 
inventory
/Too high 
ROP 

Too high forecasts 
(low sales) 

Increased inventory 
costs, physical extra 
work, but higher 
flexibility 

9 6 

MORE Too long 
time 
spent in 
inventory 

FIFO not followed 
(too much material 
in house) 

Concentrate getting 
old 

3 6 

OTHE
R 
THAN 

Not 
stored in 
right 
temperat
ure 

Wrong transport 
conditions 

Bad quality of 
concentrate 

1 10 

Wrong storage 
temperature 

Does not fulfil 
specifications 

10 3 

I102 

Stored material Sugar 
NO No 

material 
in 
inventory 

Transportation 
problem 

Cannot produce the 
2nd day 

1 8 

Capacity 
372 
ton 

  

MORE Too long 
time 
spent in 
inventory 

Stop in production 
at CCES 
Too high forecasts 

Concentrate gets old 1 10 

LESS Inventory 
level too 
low to 
fulfil 
demand/
Too low 
ROP 

Higher usage than 
expected 

Production in lower 
pace/stop production 
/only produce non-
sugar beverage 

1 7 

I103 

Stored material CO2 
NO No 

material 
in 
inventory 

Problems with 
transport 

Cannot produce after 
a week 

5 1 

  

Automatic signals to 
AGA does not work 

Late deliveries or no 
deliveries 

MORE Too long 
time 
spent in 
inventory 

Long stop in 
production 

Quality of CO2 
affected 

2 2 

OTHE
R 
THAN 

Not 
stored in 
right 
temperat
ure 

Not stored according 
to specifications 

4 2 

I104 

Stored material Prefo
rms 

NO No 
material 
in 
inventory 

Increased sales Cannot produce the 
affected products 

1 8 

Coverage (days) 7 Have to scrap due to 
low quality of 
preforms (cannot 
blow) 

If no routines exists 
of where to put scrap 
raw material, there is 
a risk of using the 
material anyways 

5 7 
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  MORE Too high 
level of 
inventory
/Too high 
ROP 

Too high forecasts 
(low sales) 

Higher inventory 
costs, risk of lost 
tracking of material 
in inventory, but 
higher flexibility 

5 6 

MORE Too long 
time 
spent in 
inventory 

Preforms nor used 
anymore is not 
scrapped 

Risk of using these 
preforms 
anyways/risk of lost 
tracking of material 
in inventory 

4 6 

OTHE
R 
THAN 

Not 
stored in 
right 
temperat
ure 

Transport does not 
fulfil specification 
according to 
temperature 

Bad quality of 
preforms which result 
in problems to blow 

5 6 

OTHE
R 
THAN 

Preforms 
at wrong 
location 

Too much material 
in inventory 

Have to spend a lot 
of time finding 
material which leads 
to frustrations and 
stress if material not 
found which can lead 
to stop in production 

7 7 

Material does not 
have an unique 
position  

10 7 

I105 

Stored material Caps NO No 
material 
in 
inventory 

Increased sales Cannot produce the 
affected products 

2 8 

Capacity 17 
millio
n  
(175 
pallet
s)  
(7,5 
millio
ns of 
coke) 

Have to scrap due to 
low quality of caps 

If no routines exists 
of where to put scrap  
raw material, there is 
a risk of using the 
material anyways 

5 7 

Coverage (days) 20 MORE Too high 
level of 
inventory
/Too high 
ROP 

Too high forecast 
(low sales) 

Higher inventory 
costs, risk of lost 
tracking of material 
in inventory but 
higher flexibility 

5 6 

  OTHE
R 
THAN 

Not 
stored in 
right 
temperat
ure 

Transport does not 
fulfil specification 
according to 
temperature 

Bad quality of caps 
gives stops in 
production 

7 7 

OTHE
R 
THAN 

Preforms 
at wrong 
location 

Too much material 
in inventory 

Have to spend a lot 
of time finding 
material which leafs 
to frustrations and 
stress if material not 
found which can lead 
to stop in production 

7 7 

Material does not 
have an unique 
position  

10 7 

I106 

Stored material 
Label
s 

NO No 
material 
in 
inventory 

Increased sales Cannot produce the 
affected products 

2 6 

Coverage (days) 15 

Have to scrap due to 
low quality of labels 

If no routines exists 
of where to put scrap  
raw material, there is 
a risk of using the 
material anyways 

2 5 

  

MORE Too high 
level of 
inventory
/Too high 
ROP 

Too high forecast 
(low sales) 

Higher inventory 
costs, risk of lost 
tracking of material 
in inventory but 
higher flexibility 

5 3 

MORE Too long 
time 
spent in 
inventory 

All campaign labels 
not used 

Have to scrap labels 
and if they are not 
scrapped they will 
increase inventory 
levels 

6 3 

OTHE
R 
THAN 

Not 
stored in 
right 
temperat

Transport does not 
fulfil specification 
according to 
temperature 

Bad quality of labels 
which result in stops 
in production 

3 3 
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ure 

OTHE
R 
THAN 

Preforms 
at wrong 
location 

Too much material 
in inventory 

Have to spend a lot 
of time finding 
material which leads 
to frustrations and 
stress if material not 
found which can lead 
to stop in production 

7 7 

Material does not 
have an unique 
position  

10 7 

I107 

Stored material 

Shrin
k/stre
tch 
wrap 
plasti
c 

NO No 
material 
in 
inventory 

Increased sales Have to use other 
plastic/Cannot 
produce the affected 
products 

2 3 

  

MORE Too high 
level of 
inventory
/Too high 
ROP 

Too high forecast 
(low sales)) 

Higher inventory 
costs, risk of lost 
tracking of material 
in inventory but 
higher flexibility 

4 3 

LESS Inventory 
level too 
low to 
fulfil 
demand/
Too low 
ROP 

More plastic used in 
production and is 
not communicated 
to material planners 

Differences in 
inventory levels in 
SAP and actual level 

6 4 

OTHE
R 
THAN 

Not 
stored in 
right 
temperat
ure 

Transport does not 
fulfil specification 
according to 
temperature 

Bad quality of plastic 
which might cause 
stops in production 

2 3 

OTHE
R 
THAN 

Plastic at 
wrong 
location 

Too much material 
in inventory 

Have to spend a lot 
of time finding 
material, frustrations 
and stress if material 
not found which can 
lead to stop in 
production 

2 7 

Material does not 
have an unique 
position  

3 7 

I108 

Stored material Cardb
oard 
sheets 

NO No 
material 
in 
inventory 

Increased sales Cannot place pallets 
In normal way, have 
to rework 

1 2 

Average time 
spent 

10 
days 

MORE Too high 
level of 
inventory
/Too high 
ROP 

Too high forecast 
(low sales) 

Higher inventory 
costs, risk of lost 
tracking of material 
in inventory but 
higher flexibility 

1 1 

  OTHE
R 
THAN 

Not 
stored in 
right 
temperat
ure 

Transport does not 
fulfil specification 
according to 
temperature 

Bad quality of 
cardboard sheets 
which gives stops in 
production 

3 5 

 

T101-T109 will be covered in “Suppliers”, “Material” and “Inventory”. M201-M207 and 
M301-M308 will be handled in “Process”.  
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Appendix II – Interview template 
 

Questions for Risk avoidance mapping 

1. What actions are taken today in order to avoid the occurrence of this disturbance? 
2. What actions are taken today in order to mitigate the consequences of this event? 
3. Are there any existing routines for handling the risk/avoid its occurrence? 

a. If answer on Q3 was yes, describe the routine! 
b. If answer on Q3 was yes, are these routines followed? 
c. If answer on Q3 was yes, how would you rate this routine’s impact/efficiency 

in order to avoid/mitigate the disturbance? 
4. Which other actions would you suggest in order to avoid the occurrence of this 

disturbance? 
5. Which other actions would you suggest in order to mitigate the consequence of this 

event? 
6. Are there any barriers that will make it difficult to perform the activities suggested in 4 

and 5? 
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Appendix III – Risk Audit form  

 

 

Risk Audit Coca‐Cola Enterprises Sweden
Disturbance occured: 

Audited by:

Resilience
Auditing date 2012‐10‐01 2012‐11‐02 2012‐12‐03 2013‐01‐04 2013‐02‐05
Indicate T0‐T2 for the occured disturbance, where T0=0 and T1 and T2 are 
specified in no of days after T0
T0= Time of incident 0 0 0 0 0
T1= Time for the lowest level of performance of the company’s operations 1 7 1 5 2
T2 = Time after recovery from incident 6 9 1,5 7 3

Indicate how important/unimportant following paramterers is to your main 
customer market. 1=not important, 7= Very important
Quality 7 7 7 7 7
Cost 5 5 5 5 5
Dependability 4 4 4 4 4
Flexibility 7 7 7 7 7
Speed 6 6 6 6 6

Evaluate your operations performance for the following parameters at time T0 
(Just before incident occured). 1= not satisfactory, 7= Very satisfactory
Quality 7 5 7 7 7
Cost 5 4 5 5 5
Dependability 6 3 6 5 3
Flexibility 7 7 7 7 7
Speed 6 4 6 6 6

Evaluate your operations performance for the following parameters at time 
T1. 1= not satisfactory, 7= Very satisfactory
Quality 1 2 5 1 1
Cost 3 2 4 3 1
Dependability 4 2 1 1 1
Flexibility 2 2 2 2 2
Speed 3 1 1 1 1

Evaluate your operations performance for the following parameters at time 
T2. 1= not satisfactory, 7= Very satisfactory
Quality 6 7 7 7 7
Cost 4 5 5 5 5
Dependability 2 4 4 4 4
Flexibility 6 7 7 7 7
Speed 6 6 6 6 6

Resilience area 43,5 76,5 12,75 75,25 33,75

Recovery work

Did the company react fast when information was obtained regarding that the 
incident had happened? Scale 1‐7. 1= very slow, 7 = very fast.  2 5 5 5 7

How fast was the problem communicated and established among the employees? 
Scale 1‐7. 1= never communicated, 7= immediately.  2 5 4 3 7

Was the recovery work of the incident executed in a structured and clear approach? 
Scale 1‐7. 1=not at all, 7=highly conscious, structured and clear. 2 5 2 2 7

 Did the company have a clear distribution of responsibility during the recovery work? 
Scale 1‐7. 1=not at all, 7= highly clear distribution/delegation of authority. 2 2 4 1 2
Was a group of persons with different and complementing competencies created to 
deal with the incident? Scale 1‐7. 1= not at all, 7 = yes and with all the relevant 
competencies needed. 2 1 1 1 7
During the disruption, was the communication competence high? Meaning that it was 
precise regarding what to communicate, to whom, when and in what order. Scale 1‐7. 
1=Not at all, 7 = To a very high extent. 1 5 3 3 2
 Was the company’s top management informed and did they support the recovery 
work (for example by allocating extra resources)? Scale 1‐7. 1=not at all, 7= to a very 
high extent. 2 1 7 7 7

Did the support and encouragement from top management facilitate the recovery 
work? Scale 1‐7. 1=not at all, 7=To very high extent. 2 2 2 2 7
 Did the company have a process for recovery or similar routines to handle unforeseen 
incidents at the time of the disruption? Scale 1‐7. 1 = no process/routine, 7 = Highly 
formalized and established process/routine. 2 2 1 1 7
How experienced were the employees that handled the recovery work, both in terms 
of competence and knowledge of how to manage unforeseen incidents? Scale 1‐7. 1 = 
not adequate competence/knowledge, 7 = highly adequate competence/knowledge. 1 5 2 2 7
The company has prior to this incident been affected by other incidents from which the 
company has gained relevant experience. Scale 1‐7. 1 =never, 7 = several times with 
experience clearly being gained. 2 5 7 5 7
Sum: 20 38 38 32 67

% of maximum 26% 49% 49% 42% 87%



   
   

104 of 108 

Emma Bayer 
Gabriel Öberg Bustad 

 

 Introducing Risk Management Process to a manufacturing industry  
 

 

Risk Audit Coca‐Cola Enterprises Sweden
Disturbance occured: 

Audited by:

Resilience
Auditing date 2012‐10‐01 2012‐11‐02 2012‐12‐03 2013‐01‐04 2013‐02‐05
Indicate T0‐T2 for the occured disturbance, where T0=0 and T1 and T2 are 
specified in no of days after T0
T0= Time of incident 0 0 0 0 0
T1= Time for the lowest level of performance of the company’s operations 1 7 1 5 2
T2 = Time after recovery from incident 6 9 1,5 7 3

Indicate how important/unimportant following paramterers is to your main 
customer market. 1=not important, 7= Very important
Quality 7 7 7 7 7
Cost 5 5 5 5 5
Dependability 4 4 4 4 4
Flexibility 7 7 7 7 7
Speed 6 6 6 6 6

Evaluate your operations performance for the following parameters at time T0 
(Just before incident occured). 1= not satisfactory, 7= Very satisfactory
Quality 7 5 7 7 7
Cost 5 4 5 5 5
Dependability 6 3 6 5 3
Flexibility 7 7 7 7 7
Speed 6 4 6 6 6

Evaluate your operations performance for the following parameters at time 
T1. 1= not satisfactory, 7= Very satisfactory
Quality 1 2 5 1 1
Cost 3 2 4 3 1
Dependability 4 2 1 1 1
Flexibility 2 2 2 2 2
Speed 3 1 1 1 1

Evaluate your operations performance for the following parameters at time 
T2. 1= not satisfactory, 7= Very satisfactory
Quality 6 7 7 7 7
Cost 4 5 5 5 5
Dependability 2 4 4 4 4
Flexibility 6 7 7 7 7
Speed 6 6 6 6 6

Resilience area 43,5 76,5 12,75 75,25 33,75

Recovery work

Did the company react fast when information was obtained regarding that the 
incident had happened? Scale 1‐7. 1= very slow, 7 = very fast.  2 5 5 5 7

How fast was the problem communicated and established among the employees? 
Scale 1‐7. 1= never communicated, 7= immediately.  2 5 4 3 7

Was the recovery work of the incident executed in a structured and clear approach? 
Scale 1‐7. 1=not at all, 7=highly conscious, structured and clear. 2 5 2 2 7

 Did the company have a clear distribution of responsibility during the recovery work? 
Scale 1‐7. 1=not at all, 7= highly clear distribution/delegation of authority. 2 2 4 1 2
Was a group of persons with different and complementing competencies created to 
deal with the incident? Scale 1‐7. 1= not at all, 7 = yes and with all the relevant 
competencies needed. 2 1 1 1 7
During the disruption, was the communication competence high? Meaning that it was 
precise regarding what to communicate, to whom, when and in what order. Scale 1‐7. 
1=Not at all, 7 = To a very high extent. 1 5 3 3 2
 Was the company’s top management informed and did they support the recovery 
work (for example by allocating extra resources)? Scale 1‐7. 1=not at all, 7= to a very 
high extent. 2 1 7 7 7

Did the support and encouragement from top management facilitate the recovery 
work? Scale 1‐7. 1=not at all, 7=To very high extent. 2 2 2 2 7
 Did the company have a process for recovery or similar routines to handle unforeseen 
incidents at the time of the disruption? Scale 1‐7. 1 = no process/routine, 7 = Highly 
formalized and established process/routine. 2 2 1 1 7
How experienced were the employees that handled the recovery work, both in terms 
of competence and knowledge of how to manage unforeseen incidents? Scale 1‐7. 1 = 
not adequate competence/knowledge, 7 = highly adequate competence/knowledge. 1 5 2 2 7
The company has prior to this incident been affected by other incidents from which the 
company has gained relevant experience. Scale 1‐7. 1 =never, 7 = several times with 
experience clearly being gained. 2 5 7 5 7
Sum: 20 38 38 32 67

% of maximum 26% 49% 49% 42% 87%
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Appendix IV – Risk register for CCES 
Risk description, 

causes and 
consequences 

Current 
critical level 
Probability/ 

Impact 

Existing routines 
and actions 

Future actions 
Owner Priority 

Audit
ing 

trend Actions Dead-
line 

No incoming water 
due to either broken 
pipe or contaminated 
water. Results in stop 
in production 

2/10 Visual inspections Make sure that CCES is 
highly prioritized by the 
municipality in the event of 
poor water supply 

  Medium  

Improve existing routines for 
work performed in the spring 
to avoid water contamination 
 

  

Implement clear routines for 
fault finding procedure when 
problems with spring water 
supply 
 

  

Overlook possibilities and the 
procedure of using spring 
water when poor supply of 
municipal water 

  

Late deliveries from 
suppliers of caps/ 
labels/ cans/ plastic 
with new design since 
changes from 
marketing department 
not communicated to 
material planners, 
which can result in 
late deliveries to 
customers. Risk of 
reworks since no 
visual control and 
approval performed 
of new material. 

8/7 Reactively 
communicates 
with suppliers to 
make them deliver 
earlier than 
intended. If it does 
not work, 
reschedule 
production. 

Better communication 
between production and 
marketing department 

  Medium  

Avoid running production 
with new material that has 
not been approved by market 

  

Visual control and approval 
of new 
labels/caps/plastic/cans 
performed by marketing 
department when material 
arrive to raw material 
inventory 

  

Sabotage during 
transport since 
transports not locked 
during transport. Can 
result in 
contamination of 
product. 

6/10 Only implemented 
routine for having 
locked transports 
on sugar and CO2 

Implement routines of having 
locked transports for all 
shipments 

  High  

Introduce supplier 
certification programs 
(supplier owns transportation) 
to reduce or eliminate 
receiving inspections 

Lack of spare parts 
for maintenance since 
status controls not 
performed at right 
time and therefore 
poor plan of what 
spare parts needed in 
the future. Also, 
unreliable PM 
system. Results in 
express order 
deliveries and longer 
MTTR. 

7/7 - Have started the 
creation of a six-
years plan. 
-Manual extra 
control when 
inventory 
withdrawals 
performed. 
-Short term 
maintenance 
control(CIL) 
performed weekly. 
-Status controls 
performed 

Implementation of a six-year 
plan for maintenance to 
perform during the next-
coming six years 

  High  

Perform status controls on 
time 

  

Implementation of a more 
reliable maintenance system 
instead of DIVA 

  

Implement clear routines of 
how to respond to scenarios 
when spare parts are missing 
for maintenance work 

  

Improve hand over between 
technicians (see next row) 

  

Lack of hand over 
between shifts due to 
short overlapping 
time between shifts 
and poor hand over 
routines. Results in 
decreasing MTBF, 
increased MTTR and 
frustration. 

7/7 -Hand-over 
documents for 
operators 
-Short overlap 
between shifts 

Make routines for handover 
more standardized by usage 
of checklists 

  High  

 Educate operators in 
Lineview 

  

Implement routines for 
technician hand over and 
team leader hand over 

  

Increase overlapping time 
between shifts 
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Implement shift rotation to 
make people familiar with 
employees on opposites shift 

  

Leakage of CO2 due 
to leakage on pipes or 
valves, which is a 
health risk for 
employees and can 
result in no supply of 
CO2 to lines 

2/9 CO2 alarms at 
some places in the 
factory 

Include CO2 inspection to the 
yearly and externally 
performed air pressure 
inspection 

  Low  

Install CO2 alarms throughout 
the factory 

  

Low CO2 on 
produced beverage 
because of either high 
water temperature or 
wrong pressure. 
Results in dumping of 
beverage and lost 
production time 

7/8 Reactive actions 
by increased focus 
if problem occurs 
frequently 

Introduce short cold rinse 
after each change over to cool 
down pipes 

  High  

Cool down incoming water 
before it is mixed with sugar 
and concentrate (done by 
other CCE plants) 

  

Improve communicational 
routines between syrup room 
and filling line 

  

Change of product 
(P2P) is taking too 
long time because of 
poor routines, lack of 
communication and 
non-standardized 
process. Results in 
lost production time. 

8/7 -Reactive actions 
by increased focus 
if problem occurs 
frequently 
-Communicated 
targets for P2P. 
Results reported in 
excel file 

Standardize the P2P process 
(amount of bottles to scrap 
before first test, 
communication etc.) and 
create checklists for working 
routines 

  High  
 

Introduce BRIX 
compensation in the 
beginning of a run by re-
define specifications for 
BRIX limit values during 
start-up. 

  

Measure the three phases of a 
P2P individually and set 
individual targets for them. 
Will make it easier to identify 
in which phase of the P2P the 
problem occurred 

  

Make sure that the process is 
standardized by monitor the 
checklists implemented 

  

Filling bottles too 
much because of 
wrong settings on 
filler valves. Results 
in lost beverage. 

8/9 -SPC performed 
each year 
-Daily controls 
performed by 
operators 
-Electronic 
inspection of each 
bottle 

Make limits for overfilling 
tougher and respond to 
overfilling immediately by 
adjusting filler valves 

  High  

Include overfilling as a 
parameter in the weekly 
quality report 
Make yield report more easy 
understandable 

Poor supply of bottles 
to PET-lines caused 
by either low MTBF 
in blowing room or 
decreased 
performance on air 
conveyors. Results in 
line cannot produce 
or resources have to 
be spent on pushing 
bottles stuck in air 
conveyors. 

6/7 -Reactive action of 
moving broken 
part on air 
conveyors to 
position where it 
has least impact 
-Operator pushes 
stuck bottles 
further 

Perform a new installation 
and recreate all programs for 
all types of bottles on air 
conveyors on line S8 

  Low  

Transport does not 
fulfil specification 
according to 
temperature due to 
lack of routines for 
usage of temperature 
logs during transport. 
Can result in bad 
quality of raw 
material. 

7/7 Temperature logs 
on some transports 

Do not accept frozen syrup 
arriving without a 
temperature log 
 

  Medium  

Introduce supplier 
certification programs 
(supplier owns transportation) 
to reduce or eliminate 
receiving inspections 

High inventories (of 
beverage base and 

9/6 CCES manages 
their own 

Vendor Managed Inventory 
and 

  Low  



   
   

108 of 108 

Emma Bayer 
Gabriel Öberg Bustad 

 

 Introducing Risk Management Process to a manufacturing industry  
 

 

 

caps) due to long lead 
times. Results in high 
inventory levels and 
costs as well as 
increased probability 
of handling problems 

inventory levels, 
except for CO2, 
which the 
suppliers are 
managing. 

Certification program for 
suppliers to reduce or 
eliminate receiving 
inspection. 

No material in 
inventory caused by 
increased sales or 
lack of forecast. This 
can result in re-plan 
or stop in production 
and that raw material 
levels is too low. 

6/8 CCES manages 
their own 
inventory levels, 
except for CO2 
and sugar which 
the suppliers are 
managing. 

Vendor Managed Inventory   Low  

Preventive 
maintenance not 
prioritized due to 
prioritising of 
production. Results in 
decreased MTBF, 
higher degree of worn 
machines and 
frequency of 
changing of spare 
parts 

7/7 Preventive 
maintenance work 
performed weekly 

Have a weekly fixed time 
spot for preventive 
maintenance in production 
plan, (e.g. line S10 each 
Tuesday 08.00-10.00.) 

  Medium  

No specific location 
for each stored 
item/raw material 
(Labels, caps, 
preforms) due to high 
inventory levels and 
lack of specific 
positions. Results in 
delays when 
searching for material 
which in return can 
lead to stop in 
production 

10/7 Operators 
manually look in 
assigned areas for 
the specific raw 
material. 

Specify location, time and 
delivery sequence in detail 
and assign specific positions 
for each material. 
 

  Low  

No material at 
supplier due to failure 
at their production 
site or external 
disturbances. Results 
in decreased 
inventory levels and 
risk of stop in 
production. 

2/9 Close 
communication 
with existing 
suppliers to secure 
deliveries 

Have contracts with multiple 
suppliers for each raw 
material to secure supply 

  Low  


