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Abstract 

This thesis work is based on the real case study in process industry - Coca Cola in 

Sweden. Out of the various factors affecting the supply chain network of the company 

only internal factors were considered in this study. Internal factors such as supplier lead 

time, logistics, internal process lead time and inventory control were investigated. 

Interviews with the company personals, modeling of the whole production process and 

identification of risk criteria formed the one foundation of the thesis. A broad literature 

study help in understanding of the trends in process industries and visualize the action-

impact relationship. Evaluation of various modeling techniques was also done through 

literature study. ExtendSim software package was used to evaluate the risk 

effectiveness on the system. The results were compared with the real annual targets. 

By development of more advanced decision models a much better and realistic 

prediction can be made about the impacts in a critical risk environment.   
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Sammanfattning 

 

Denna avhandling är baserad på fältstudie i processindustri - Coca Cola i Sverige. Av 

de olika faktorer som påverkar företagets försörjningskedja endast de interna faktorerna 

beaktades - leverantörens ledtider, logistik, interna genomloppstider och lagerstyrning 

analyserades. Intervjuer med företagets personal, modellering av hela 

produktionsprocessen och identifiering av riskkriterier bildade grunden för avhandlingen. 

En bred litteraturstudie hjälper till att förstå trenderna i processindustrin och visualisera 

förhållandet mellan möjliga beslut och dess konsekvenser. Också utvärdering av olika 

modelleringstekniker gjordes också genom en omfattande litteraturstudie. ExtendSim 

mjukvarupaket användes för att utvärdera riskeffektiviteten på systemet. Resultaten 

jämfördes med de verkliga årliga målen. Genom införande av mer avancerade 

beslutsmodeller kunde en mycket bättre och mer realistiska prognoser av effekterna i 

de studerade risksituationerna göras. 
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1. Introduction 
 

Supply Chain Risk Management: A Critical Analysis 

 

Supply chain of any industry is a complex system of supplier network, inventory 

management, processing methods, logistics et al. To be competitive in market and a 

profit making firm, it requires consistent efforts to keep the flows of supply chain 

streamlined and improve the resilience against disturbances. To achieve these goals 

many firms implement various practices such as outsourcing, hedging and diversifying 

portfolio. These strategies are effective under certain circumstances, but the 

susceptibility of facing trouble under various different disruptions cannot be neglected. 

The project analyzes a typical supply chain scenario by identifying all the functional 

components and factors affecting their operational effectiveness. Various functional 

groups were segregated up to a basic entity level, which were then investigated for their 

significance in the system and the impact they will have if they malfunction. The 

outcome of this investigation was a group of activities and systems which were found to 

be affecting the supply chain from delivering the desired results. Prioritization of these 

activities and systems filter out the most critical ones, which requires immediate 

attention for rectification. An extensive literature study and the interviews from the 

companies is the basis of this project framework. The literature study was used as a 

guide to visualize and formulate the risk assessment strategies; on the other hand the 

interviews with company official provided a practical approach to understand system 

deviation patterns, gaps between theoretical and practical applications and problems in 

implementing the desired improvement strategy. The scope of project is limited to the 

internal factors of the supply chain such as, supplier network, process lines, 

maintenance, logistics etc and excludes the impacts of external factors such as market 

situations, natural disasters and foreign exchange.  

The results of this work can be utilized as the guideline by the intended firm for further 

analyzing and improving the process from upstream to downstream. 
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2. Literature review 
 

To understand the important issues that have been experienced and are of an 

increasing importance, an exhaustive literature study has been conducted. Apart from 

knowledge of the critical issues, it was necessary to get an insight into the methods and 

mitigation techniques being in use currently. Research articles from various business 

journals, surveys and books on risk management were reviewed. One common 

perspective about risk states that it is a situation involving exposure to danger or loss. 

Another perspective takes this step further by adding that risk is the probability or threat 

of damage, injury, liability, loss or other negative occurrences that are caused by 

external or internal vulnerabilities and that may be avoided through preemptive actions. 

Risk can also be viewed as the inability to capitalize on an opportunity (Gregory, Robert 

2015). Warren Buffet once observed that risk comes from not knowing what you are 

doing. 

 

 In a supply chain the risk identification can be generalized in five areas, Plan, Source, 

Make, Deliver and Return (SCOR model). A lot of research has been conducted in the 

“Source” domain. A research article on Ericsson’s supplier failure and development of 

Ericsson Risk Management Tool (Norman, Jansson 2003) explains the consequences 

of single supplier strategy in sourcing. In March of 2000 a small fire hit the operations of 

microchip factory owned by Philips in New Mexico. Philips was the lone supplier to 

Ericsson for microchip. This affected the operations at Ericsson and resulted in lost 

sales of $400 million and additionally a closure of mobile phone business for Swedish 

Telecom giant.  In view of the serious damage to the business, Ericsson increased its 

focus on risk management and generated ERMET for identification, mitigation and 

monitoring of risks within the supply chain.  

 

In practice, several quantitative and qualitative methods are available for risk analysis. 

One of the most common is Failure Mode and Effect Analysis (FMEA), which have been 

used in industries since last two decades. Although there are some fundamental 

problem in the FMEA procedure, namely, the reliance upon expert judgment in general 
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and the reliance upon design engineering expertise for keeping the FMEA up-to-date in 

particular. Also, a number of operational and information management problems that 

companies suffer from when conducting an FMEA are the limitations of this tool 

(Braaksma et al.). Development of ISO 31000 has given the leverage to the managers 

in industry to plan the integration of risk management into overall company strategy 

(Lalonde, Boiral 2012). According to the standard, effective risk management results 

from the application of a very systematic and structured management process. The 

most common aspects of criteria for risk assessment proposed in ISO 31000 are: 

 

1. The nature of the causes and consequences. 

2. Measurement of the probability of occurrence. 

3. Estimation of the duration of the potential impacts. 

4. The threshold of acceptable risk. 

5. The level at which appropriate measures should be taken. 

6. The tendency toward increased entropy and disorder which results from a 

combination of risks. 

 

The other common qualitative analytical tools used by the researchers are PFMEA, 

HAZOP, Event Tree Analysis, Fault Tree Analysis and Cause and effect diagrams. 

Further to the outcomes of these qualitative tools, various quantitative tools such as 

probabilistic models and mathematical models may be utilized for performing a 

predictive analysis on the systems/ process’s risk. In one such study conducted on an 

automotive parts manufacturing company (Shah et al., 2013) FMEA clubbed with RPN 

was utilized for conducting qualitative analysis of the manufacturing process to produce 

a single part. After Identification of the key modes of failures and their criticality, a 

simulation model was run on Rockwell Arena v.13.5 to determine the risks based on 

cost and performance. Elimination of risks altogether is often difficult, especially when 

systems are already working with good results. In view of that a different approach 

(Alessandro et al. 2011) of performing the Safety Improvement Risk Assessment (SIRA) 

by integrating the conventional aspects of the Failure Mode Effects and Criticality 

Analysis (FMECA) with economic consideration was taken. This was found to be useful 
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in minimizing the total safety cost by defining a specific index called total risk priority 

number (TRPN) index. The index proposed is based on the improved risk priority 

number (IRPN) and the Analytic Network Process (ANP), a multi-criteria decision-

making technique. Analytical Hierarchical process technique breaks down a decision-

making problem into several levels in such a way that they form a hierarchy with 

unidirectional hierarchical relationships between levels. The top level of the hierarchy is 

the main goal of the decision problem. The lower levels of criteria contribute to the goal. 

In certain complex situation AHP does not give good results and in those cases a 

modified version called Analytical Network Process technique may be used. ANP 

represents the problem in the form of network of criteria and alternatives. TRPN is the 

cumulative risk priority number generated from adding up all other RPNs. This gives a 

view of overall risk in the system. The focus of corrective interventions could guarantee 

not a reduction of a single RPN but the biggest reduction of the total index through 

considerations about effectiveness in accident reduction, cost and law prescriptions. In 

this SIRA model the ANP uses this TRPN as the criterion and its reduction represents 

the goal of the analysis. Variation in manufacturing is one of the key concerns in 

industrial process, which has a high impact on productivity of process and quality of 

products. To facilitate the manufacturing variation and its serious impact, identification 

of Key Characteristics (KCs) of the product is required (Ibrahim, Chassapis 2016), 

which can be monitored using Process Capability Data (PCD). A systematic interactive 

environment between the design model, such as Monte Carlo Simulation, and the PCD 

is helpful to analyze PCD to capture the impact of manufacturing variations on 

performance. This prioritizes the type of expected variations from their nominal values 

to assess the related risk of variation. Predictability of the manufacturing systems is very 

much necessary to be technologically advanced and meet frequent changes in demand. 

A study on predictive manufacturing systems (Jay Lee et al. 2013) discusses the 

principles to increase competitiveness through a highly transparent and worry free 

manufacturing system and how it can be implemented through a coupled-model 

approach.  
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Figure 1. Coupled model for predictive manufacturing system 

 

Risk in a supply network originates from the lack of knowledge about (1) the events that 

may affect operations, i.e., the load on the network, and (2) the ability of the network to 

endure them, i.e., the network capacity at a given point in time (Delris, Erhun 2006). The 

research study by Delris and Erhun identifies and models both the load and the capacity 

of a given network and estimates the probability distribution of a specific set of 

performance measures. 
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Review of previous Master Thesis 

A previous Master Thesis work conducted on Supply chain risk management in 

manufacturing industry (Gabriel, Emma 2012) was reviewed for the methodology being 

used at Coca Cola Enterprise Sweden. The study was conducted in four phases of Risk 

Identification, Risk assessment and impact analysis, Risk avoidance mapping and 

Implementation of Risk management process. During the phase of risk identification, 

several workshops were executed for finding a basis for risks to put further focus in later 

stages of project. Hazard and operability study (HAZOP) was used for identification of 

risks. HAZOP is useful in situations when a detailed knowledge of process is available 

and its analysis depends on the predefined guidewords and relevant system 

parameters. It is a versatile tool which is widely accepted in industry for risk 

identification and also it can be structured around the visual tools and flow diagrams. 

People with knowledge and specialty in the particular area of focus were interviewed 

during the workshop. The outcome of the interviews was identification of the important 

factors which have been causing the disruption and the factors which can affect in 

future. The focus areas of the workshop were Material – where the quality of raw 

material and packaged material was discussed, Syrup room – where mixing process 

was analyzed for correct ingredient, Inventory – where logistics, storage and different 

supplier strategies were focused and Processes – where the bottle filling processes was 

discussed. During the next phase of risk assessment and impact analysis the identified 

risks were evaluated on the basis of their impact and probability of occurrence score. 

Scale of 1 to 10 was generated to rate the risks. The risks with high scores in this 

evaluation were further emphasized for mitigation action in later phases. After 

identification of sixteen risks with high score, risk avoidance mapping was initiated. For 

this phase interviews of specialized people in the focus area were conducted in order to 

find the correct mitigation actions and safeguards. The purpose of this avoidance 

mapping was to form a strategy to lower the impact when a risk already has occurred 

(reactive approach) and the probability of risks occurring (proactive approach). 

Company’s internal knowledge base played a vital role in creation of risk avoidance 

strategy. With multiple parts and functions involved in the project work, data was 
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composed from numerous directions in order to provide as comprehensive and accurate 

picture of the business as possible. Interview questionnaire were prepared for gathering 

the ideas of the expert professionals about the concern of risk mitigation. In parallel to 

that the best practices, as suggested by SCOR model, were also studied and 

considered. In the final phase a process for risk handling according to the structure and 

methods used in the projects was formulated and handed over to the company.  

 

A summary of the thesis work is described in following steps: 

 

Organization description 

Before conducting the risk analysis, a detailed study of current state of the organization 

was done. The five main functional areas in the supply chain of CCES are 

manufacturing and operations, distribution operation, engineering, QESH and 

operational excellence. The manufacturing operations have the responsibility of 

production on the seven filling lines, material planning, production resource planning 

and production planning. It is also in charge of raw material inventory and syrup room 

operations. The distribution operation department is responsible for movement of the 

produced bottles to the warehouse. This includes internal warehousing and distribution 

planning. The engineering department has the responsibility of overall maintenance, 

spare parts coordination, the utility and facility services and technical projects and 

investments. As the name suggests, QESH is responsible for quality, environment, 

safety and health. It is also responsible for the new projects for improvement in these 

activities. The objective of operation excellence department is to improve the key 

performance metrics by implementing helpful tools and principles.  
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Process Description 

The project was focused on raw material procurement and processing of finished 

product. Warehousing and distribution operations were not under the scope of project. 

The process under examination was visualized with the help of Supply Chain Flow 

Diagram (SCFD). SCFD helps 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 line under consideration produces 1.5 

liters PET bottles with carbonated beverages. The reason for selection of this line was 

that it accounts for maximum number of PET bottles and it has the capacity of 

changeovers. There are some assumptions made in this line, 1) The blowing machine is 

within the linear flow on filing line, i.e. there is no buffer between blowing and filing 

machine, 2) Spring water is chosen as the input material in filing machine. 

 

- Procurement process 

 

The decisions pertaining to all procurement processes are taken at central level of CCE 

and very minimal control is given to the local level. Most of the suppliers of raw material 

CCE are same for all filling plants for strategically keeping the price low. But this also 

poses a risk of single supplier failure due to unprecedented disruptions. At local level 

the material planning signals the procurement of raw material depending on the 

available status of inventory, market demand and forecast. Due to differences in 

procurement lead time of different raw materials, some materials are more sensitive to 

deviations from forecast than others. 

 

- Transportation 

Except CO2 and sugar, the logistics of all other raw materials are handled by CCE 

themselves. For the external logistics of CO2 and sugar, which are handled by the 

suppliers themselves, the CCE have strict regulation of transporting the packages as 

leak proof. But there is no similar strict regulation for internal transport. 
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- Raw material inventory 

 

There is no specified re-order point for raw material ordering; instead the orders are 

placed on the basis of coverage days left. As soon as the material is received it is 

checked for conformance with respect to quantity and damage. All categories of 

materials, such as concentrate, pre-forms 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. 

 

- Mixing and Filling process 

 

The upstream process consists of mixer preparation of sugar, water, concentrate and 

CO2. The other systems associated with this process are the pasteurization of sugar 

and treatment of incoming municipal or spring water. The next step is the bottle filling, 

for which there are seven filling lines, each having a separate defined setup. 

 

 

Risk Identification through interviews 

Interview with production manager – Two risks pertaining to the process were 

discussed upon. One is the lack of handover between shifts, where a creation of 

knowledge gap occurs due to improper transfer of information from one shift to the 

other. The reason, as suggested by the production manager, was the low skill level of 

operator to capture data from LINEVIEW and fill it in documents. Furthermore there is 

no standardized format for documentation of data from the line. The probable solution to 

this issue, as suggested by the production manager, is to create awareness about 

handing over the shift information among the operators, technicians and also team 

leaders. Periodic audits must also be conducted to make all concerned personnel 

adhering to the standardized format. The other risk factor mentioned by the PM was the 

overfilling of the bottles. There is a sampling system for inspection of under filled bottles 

but the overly filled bottles are not sent into rejection, resulting in a loss of beverage. 
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The possible solution suggested by the PM was to incur strict regulations for overfilling 

as well. 

 

Interview with material planner – The risk of late deliveries of cap, bottles, labels etc 

with new design was discussed. Due to much longer activity of getting the labels 

approved, sometimes the labels are delivered very late and very less time is left 

checking the correctness, leading to re-work. The solutions suggested by the material 

planers are, 1) there should be a relatively short duration for the approval for label 

designs with advertisement agency and 2) the supplier of the labels must made 

responsible for producing the approved designs and sending them to CCE on its risk of 

default. 

 

Interview with team leader Syrup room – The two risk discussed with team leader 

were No incoming water and too long product changeover time. The stoppage of water 

is resulted from any leakage in the pipe lines, whether internal or external, and also 

whenever there is any contamination of the water detected. The possible solution 

suggested by the TL for this issue was to implement a preventive action plan for the 

internal pipelines and make the municipality responsible for any shortage or 

contamination of water. Strict handling regulations must be followed in case of the water 

being sourced from spring. The other issue of longer changeover time is due to the non 

standard procedure for different compositions and also a lack of communication 

between filling line and syrup room. The problem can be resolved, as suggested by TL, 

by implementing standard procedures and tracking the different stages of changeover to 

identify the problematic areas. 

 

Interview with QESH manager – The two risk discussed by the manager were 1) 

Sabotage product during transportation 2) Improper temperature maintained during 

transportation. Both of these issues result in loss of product quality. For mitigation of the 

risk of sabotage during transportation, a strict regulation of locked trucks must be 

imposed and similarly on regulation of temperatures in trucks. 
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Interview with asset care planner – During the interview with asset care planner 

following risk issues were identified: 1) Lack of spare parts for maintenance, 2) Leakage 

of CO2, 3) Low CO2 on produced beverage, 4) Poor supply of bottles to PET lines. The 

respective causes and consequences for these risks were collected. The asset planner 

also suggested certain measures that can be taken to mitigate these risks such as, 

installation of CO2 leakage alarm at all lines, which is installed only at one line and for 

mitigating issue of low CO2 in beverage, cooling of water pipes can be a possible way.  

 

Best practices according to SCOR – The two main management systems studied 

during the project were Source and Make. The best practices in SCOR model in these 

two management systems, such as vendor certification programs, inventory 

management at vendor’s end, adaptation of accurate and approved work instructions 

and paperless order tracking were studied and listed out against the risks identified 

during the workshop. 

 

Results and Conclusion 

The total number of risks identified throughout the supplier management to product 

processing was plotted on the risk matrices. The risks emerging in the critical zone of 

risk matrices were tabulated separately with description of cause and consequences for 

further focus. The grouping of the critical risks was done according to the risk’s origin 

and wherein a solution could be found in the organization. The proactive and reactive 

actions, as studied from best practices of SCOR model and gathered from interviews 

with subject specialist, were tabulated for all the critical risks identified. The best 

practices from SCOR model and the practices being followed at CCES were compared 

for the determining the mismatch and further focus on implementing correct practices. 

For monitoring the procedures of handling the risks a risk audit form was also created. 

The form was developed based on both theoretical findings regarding resilience work 

and also with the help of a questionnaire created for a master thesis in Supply Chain 

Resilience (Ekblom, Marafante, & Samuelsson, 2009). For documentation of the current 



20 
 

picture of all the risks in the organization, a risk register was also formed. The content of 

the risk register was based on the literature studies, interviews and brainstorming 

among the authors. 

 

 

Figure 2. Risk appetite matrix 
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3.  Methodology 
 

This work focuses on the quantitative analytical methods to perform risk management in 

supply chain. Use of simulation techniques, Monte Carlo and many other mathematical 

prediction tools, have been in practice in financial risk management. This work explains 

how ExtendSim can be put to good work of analyzing the current situations and their 

affecting parameters. This is a secondary research, based on the qualitative results of 

Master Thesis conducted by Gabriel & Emma on supply chain practice in Coca Cola 

Enterprises Sweden. To understand the various supply chains linked with Coca Cola 

PET bottle following network diagrams were created. 
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Figure 3. External supply logic 
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Figure 4. Internal Operations 1 
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Figure 5: Internal Operations 2 



25 
 

3.1 The Results of Gabriel & Emma (Primary Research) 

 

The primary research work conducted by Gabriel & Emma concluded with the most 

critical risks involved in manufacturing supply chain of Coca Cola Enterprises Sweden. 

Through extensive qualitative interviews with department managers and by referring to 

the industry KPIs risk appetite matrix and risk register were formulated. Appendix 1 

documents all the critical risks identified within different categories.  
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Figure 6 Supply Chain network at Coca Cola 
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3.2 Secondary Research 

 

This thesis work represents the secondary research performed on the data and 

information collected as a result of previous primary research of Gabriel & Emma. The 

critical risk factors were analyzed on the following parameters: 

 

- How they affect the next activity and overall supply chain. 

- How much is their impact. 

- What are the root causes of the factors. 

-  How the risk can be minimized. 

 

To further evaluate the effect of risk factors on the supply chain the simulation 

techniques were approached. Succinct flow diagrams were created to understand the 

risk factors for clear understanding of their behavior. As an example, the flow block 

model for Caps is presented below in figure XX. The various factors affecting each 

activity are derived from the analysis of previous thesis. In the figure XX, which 

represents the flow of PET bottle Caps, the process is initiated as soon as the customer 

orders are received or a forecast is made for the particular period. This step generates 

amount of PET bottle Caps required for that particular period. To fulfill the demand 

without loss of sales, the planning department checks the inventory level of Caps with 

the inventory management group. The parameters which are evaluated for taking any 

further actions are: 

 

- On hand inventory – The number of item that are currently present in the stock and are 

ready for use. 

-  Back orders – The number of item for which purchase orders have been received from 

customer or a forecast has been made but still no action has been taken on their 

procurement from supplier. 

- Scheduled receipt – The number of items for which the purchase order has already 

been placed to the supplier but they are yet to be received in the company’s inventory. 
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- Total inventory position – Amount of maximum inventory permissible in-house. This is 

calculated on the basis of inventory cost that the company can bear and the rate of daily 

production. 

- Replenishment point – The amount of inventory in-house, which if reached the 

purchasing must be initiated to avoid any loss of production days. This is calculated on 

the basis of number of days the supplier takes to process an order and daily production 

rate. 

 

Depending on the evaluation results, the planning department either initiated the 

movement of inventory from warehouse to processing, if sufficient quantity is available 

or else new purchase order is sent to the supplier. In case of new product design being 

developed for promotional purpose, the placement of purchase order takes a 

significantly long time due to delay in design approval. As soon as the supplier receives 

the purchase order, it checks its own inventory and production schedules. On an 

average if there are no issues of inventory shortage, overloaded production or 

shutdowns, the supplier can deliver in two weeks with its maximum capacity. If it is short 

of inventory then there are possibilities of delay in finished goods delivery. The long lead 

time of two weeks is already a big concern for the management, since it requires them 

to keep a huge stock of inventory in order to avoid stalled production. On one hand the 

huge inventory causes cash lock for the company and also it creates a lot of frustration 

for employees during finding the correct items. The unorganized commodity storage is 

also another point of concern. Most of the finished goods deliveries never go 100% 

defect free. Due to unregulated transport & logistics requirements, some of the caps are 

delivered as defective, which also results in miscalculation of scheduled receipt. The 

delivered caps are stored in the inventory and are later used in processing as per the 

production schedules. Often the deliveries of newly designed caps are very late and this 

causes the management to directly transfer the caps to processing, without any quality 

inspection. Since always there are chance of defective material being supplied, as soon 

as it is transferred to the bottling process, a line stoppage occurs.  
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3.2.1 Sugar 

 

The inventory check and purchase order creation follows the same procedure as 

mentioned for the Caps. As with the supplier of caps, the issue of long lead time is not 

there with sugar supplier. The most prominent issues with the sugar supplier is lack of 

raw material during peak demand time, which results in occasional delays in delivery. 

Another issue is of periodic shutdown carried out by the sugar supplier, which is 

sometimes planned and most of the time unplanned. This situation also causes a delay 

in delivery of sugar by at least one day. Transportation for sugar and carbon dioxide is 

not handled by CCES, instead by the supplier themselves, which sometimes result in 

delivery of defective batches of sugar. The probable causes of defective deliveries are 

wrong temperature settings during transport and sabotage.  

 

3.2.2 Concentrate 

 

The lead time of concentrate’s supplier is two weeks, which is too long and requires 

huge inventory to be kept. Wrong forecast has a huge impact,ie, during high demands 

lost of sales occurs. And during low demand the cost of keeping inventory goes up. As 

discussed with sugar there are fair chances of material being delivered defective due to 

unregulated temperature conditions in transport or some purposeful or accidental 

sabotage. 

 

3.2.3 Water 

 

Water which constitutes the major portion of 1.5 liter PET bottle is sourced from 

municipal water body. There is another private source of CCES, water spring, which is 

also used in parallel and helps in sharing the load when there is short supply from 

municipal body. Water is drawn in continuously through pipeline, as per the requirement 

and it does not possess the issues of long lead time. But due to the risk of infusion of 

contamination either through leaking pipelines or during treatment phase, there are 
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instance of rejection of finished goods and also a production stop. This situation occurs 

very rarely but has a very huge impact on production, since it requires at least 2 days to 

rectify the problem and restart the process. Similar are the risks with spring water.  

 

3.2.4 Carbon dioxide 

 

There are no embedded risks in supply chain of carbon dioxide, neither on part of 

supplier nor on logistics. There are certain issues in carbonization process, which 

occurs as a result of maintenance practices in the CCES processing plant. 

 

3.2.5 Labels 

 

The risks associated with labels are mainly with the new product development. 

Whenever there is a design change the finished batch of labels is delivered late. This is 

as a result of late approval of designs and too tight production schedules during peak 

season. 

 

3.2.6 Preforms 

 

High inventory in CCES is the major concern. This along with unorganized material 

warehousing has resulting in delay in finding correct performs at required times. As a 

result the production time is lost and also there appears to be increase in frustration 

level of employees.  

 

These flow block models were then further used as the foundation for building the flow 

simulation model to predict the consequences of embedded risks in each supply chain. 

As an example a flow simulation model is presented in Appendix 2. 
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Figure 7 Risk flow model for CAPS 
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4. Results 
 

Each of the supply chain was tested with simulation model made in ExtendSim. The 

critical risks in each supply chain were incorporated to give the simulation results as 

realistic as possible. Key indicators of the performance here are  

1. Target Inventory Planned – Higher the inventory higher is the material handeling 

cost. The common cause of high inventory is long lead time of supplier. 

2. Scrap/ Rejection  - High scrap rate indicates high loss of production and 

inventory. Also it affects the procurement efficiency. 

3. Shutdown – Scheduled or unscheduled, the shutdown represents idleness of 

production line and loss of production. 

4. Mixing process idleness – This represents the amount of time during which the 

production line is non functional. The common cause for it is zero inventory. 

 

 

Figure 8 TIP vs Ave Inventory 
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Figure 9 Actual Demand vs Actual Production 

 

 

 

 

Figure 10 % Mixing and packaging process idlness 
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5. Formulation of simulation model for various 

applications 
 

To serve the purpose of risk impact prediction for various applications a simulation 

model with customization was developed. Following are the key features of the model: 

- Product types in the company : 2 nos. 

- Suppliers for the company : 2 nos. 

- Packaging plant : 1 no. 

- Distribution centers : 2 nos. 

Key Parameters of focus are: 

- On hand inventory 

- Back orders 

- Service level 

- MTBF 

- MTTR 

Product #1 Demand 100 no per day 

Product #2 Demand 10 no per day 

Operations Time 24/7, 365 days 

 

The detailed simulation model architecture is presented in the Appendices. The 

simulation was run with and without “Shutdown” factors in suppliers operations and 

results were obtained while achieving a zero stock-out scenario every time.  
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6. Results 2 
 

Without shutdown 

The required parameters were fed to the model and the shutdown criteria were made 

inactive. The result for both the product 1 gave a stable response in the inventory levels. 

During first few periods the inventory level kept declining, which can be attributed to the 

long lead time of the supplier. This portion can be neglected since it represents the 

beginning of the business and in practical case the study would happen in an ongoing 

business. After this declining period the inventory level are maintained at a stable level. 

In case of product 2 the scenario is different, an ever increasing inventory level. This 

can be attributed to the high inventory capacity and shorter lead time of supplier. 

With shutdown 

When the shutdown blocks are activated the supply pattern changes in accordance with 

the MTTR and MTBF. For product 1 the inventory level gets unstable and a few stock 

outs are also visible. To prevent stock outs an increase in replenishment point and TIP 

becomes necessary, hence increase in cost of inventory holding. Due to lesser quantity 

of product 2 and already high inventory levels, the shutdown in supplier’s facility does 

not affect any major changes. 
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Figure 11 Inventory variation for product 1 without shutdown 
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Figure 12 Inventory variation of product 2 without shutdown 
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Figure 13 Inventory of product 1 with shutdown 
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Figure 14 Inventory of product 2 with shutdown 
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Appendices 

Appendix 1 
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Appendix 2 

 

Simulation model of CAPS 
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Simulation model of Carbon-Dioxide 
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Simulation model of Concentrate 
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Simulation model of Labels 
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Simulation model of Preforms 
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Simulation model of Sugar 
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