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1 Introduction

This research will focus on how applied the Time-based process mapping applied into the

practical case. By comparing the difference between traditional process mapping tools and

Time-based process map(TBPM), this research find out which kind of company and situation

is suitable for TBPM and the reasons why the TBPM is suitable for this situation. The major

research happens at IKEA’s DC terminal in Torsvik, Jönköping, Sweden. The holistic process

will be mentioned in the beginning of the research, in order to better understand the current

state in IKEA’s distribution centrel.

1.1 Background

Many researchers have indicated that today’s enterprises are in permanent change, and

therefore it is important for any enterprises to adopt appropriate strategies and suitable

solution technologies that allow them to become flexible and responsive to change.

(Bernus and Nemes 1996, Weston 1999, Sterman 2000, Hitchins 2003, Weston et al. 2009).

To achieve this, a carefully matched philosophy, enabling strategy and solution technology, is

required (Weston et al. 2009).

This requires ongoing control and management of company’s processes with a view to

deploy dynamic modelling techniques to enable smart decisions based on scientific

verification (Gunasekaran and Kobu 2002, Vernadat 2002).

Process engineering tools, especially of the value-stream-mapping type, has been reported to

be a useful tool in transforming mass production systems to lean production systems (Liker

1998).

It has the following benefits such as making the delivery of products in time; at a lower cost, of

high quality, and on a continuous basis (Lee 2005).

In principle, value stream analysis can help specify processes with: integrated single piece

flow; defect prevention; production pull; continuous waste reduction; flexible team-based

work and more close integration with suppliers (Bicheno 2000). In practice, value stream

maps are known to help identify (and therefore help eliminate or at least reduce) the wasteful

activities that customers would not wish to pay for, hence making it a useful tool for process

improvement (Boeing 2000).

However,from the previous research, it mentions that VSM also has some drawbacks and

limitations that can not be prevented.

Therefore, this research want to introduce a new method called Time-based process mapping

(Metrics-based process mapping) and try to find out the gap between the VSM and TBPM

what features and why it could be successfully used in a retailing company like IKEA.
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1.2 purpose

The aim of this thesis is find out the reasons why Time-based process mapping method(TBPM)

could better apply in a specific industry, by comparing the differences between the current

major process mapping tool VSM and TBPM.

In order to fulfill the research purpose, both VSM and TBPM will be introduced into this

research. However, due to the time limitation and the purpose of this research, the focus of

this research will be limited in IKEA’s terminal, in order to accurately position the characters

of TBPM.

1.3 Delimitation

Due to time limit, this research will major focus on the implementation of TBPM in IKEA’s DC,

the VSM and entire supply chain of IKEA will also be mentioned, in order to compare two

different methods and get the holistic picture of the entire process, but these content will not

be the main content.

1.4 Research objectives

1. Introduce the background of IKEA and IKEA’s DC in Torsvik, the role and the positioning

of this terminal within the IKEA entire supply chain.

2. Comparing the traditional process-based mapping tools (VSM) and Time-based process
mapping (TBPM), by both using them to analyze the current state of IKEA’s terminal.

3. Through the TBPM analysis and VSM analysis, offering the solutions for the exisitng

problem in IKEA’s DC, in order to testify the effectiveness of this method.

4. Finally, to find the gap between the practical and theoretical in TBPM and traditional

process-based mapping(VSM).
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2 Literature review

The literature review is divided in four parts: Definition of warehouse and cross docking;

definition of process and demonstrating different process mapping tools with the advantages

and disadvantages; Review the former research about how to categorizing different mapping

tools. Finally, to demonstrate the detail steps of TBPM with different analysis tools.

2.1 The defintion of warehouse and cross docking

2.1.1Definition of warehouse

A warehouse is defined as a “structural unit with all resources and organizational provisions

necessary for the execution of processes connected to inventory and warehouse management,

including the organizational units involved with goods receipt and shipping” (Kappauf, J et al.
2011)

the proverbial saying “The best warehouse is no warehouse” implies an evaluation: It

characterizes a warehouse and warehousing as something negative, to be avoided wherever

possible. However, against the backdrop of the logistics core function of a warehouse –

bridging time stock is established to strike a balance between fluctuating requirements and

inward goods movement times, or due to insecurity about future requirements in order to

secure material availability.

With the aid of stock procurement, a disconnection between materials procurement and

materials use in production or distribution processes is achieved. (Kappauf, J et al. 2011)

So we can identify two central reasons for stock keeping:

-The establishment of inventory to guarantee ability to deliver

-To offset fluctuations in delivery and demand

Nevertheless, securing the ability to deliver is thus often achieved by maintaining a higher

stock level and, consequently, higher capital commitment

2.1.2 Definition of cross docking and Basic functions

Cross-docking is a logistics concept, which integrates intermediate nodes into a

transportation network. (Stephan, K. and Boysen, N 2011) Within a cross-docking terminal

incoming shipments delivered by inbound trucks are collected, sorted by destination, and

moved across the terminal to be directly loaded onto outbound trucks. In contrast to a

traditional warehouse, the storage of goods is reduced to the greatest extent possible, so that
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typically, all shipments leave the terminal within 24 hours.

2.1.2.1 Basic functions of cross docking

Figure 2.1 IKEA’s cross docking

The primary purpose of a cross-dock is to enable a consolidation of many smaller shipments

between multiple shippers and recipients, so that it increases the percentage of full

truckloads.(Stephan and Boysen 2011)

Therefore, it is possible to replace the traditional point-to-point deliveries by hub-and-spoke

distribution networks in this way (Apte and Viswanathan 2000)

Usually, at the entrance of a cross-docking area is a gate where inbound trucks are registered

and assigned to a parking position on a parking lot. Once the resources for truck-processing

are available, a truck is asked to enter via a dock door. Typically, the cross-docking terminal

itself is merely a large rectangular building with several dock doors around its perimeter.

whereas the typical number ranges between 40 and 150 (Boysen and Fliedner 2010).

At these doors inbound trucks are unloaded, shipments are registered, checked for

completeness and intactness, and sorted according to their intended destinations.

Then, shipments are moved across the dock, e.g., by forklift or a system of conveyor belts, to

the temporary storage area of their respective outbound destinations. Here, value-adding

services, e.g., labeling, may be executed while waiting for the intended outbound truck.

2.1.2.2 Advantage and disadvantage of Cross docking

Firstly, comparing with sending a transport from every supplier to each hub or store, the
terminal increases the fill-rate transport units by eliminating the low fill-rate trucks directly

from supplier to the hubs or customers.

Moreover, it prevents the supplier to send less often shipments, when they want to keep the
high fill-rate and reduce transport cost, thus it decreases the lead time and customer’s waiting
time.
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Meanwhile, it also enhances the control of entire supply chain. When the products were
delivered through the terminal, company could control not only the right delivery time but
also the quality for each products, then the responsibility of suppliers or second -tier suppliers
will be clear.

Besides that, on the one hand, it maintains the stable level of inventory and reduce the storage
cost through easing the situation of over-occupied in hubs, on the other hand, it certainly
improves the customer satisfaction by offering less incorrect products.
Finally, each hubs may have different size and different capacity limit in how much goods can
handle at the same time. From this perspective, terminal makes the entire supply chain more
flexible.

Although the terminal has so many advantages, it still has the limitations..
A negative aspect of cross-docking is that, compared with a point-to-point delivery, any

additional stop causes double handling and increases lead times in the terminal. The low

efficient consolidation shipments process within a terminal will also causes additional

variable and fixed costs for staff and resources, and jeopardizes timely deliveries to final

customers. (Stephan and Boysen 2011)

Therefore, it is important to weigh the different metrics not only within the terminal but also

the entire supply chain, in order to find out a best solution for the entire supply chain.

2.3 Mapping tools

2.3.1 Definition of process

The American Production and Inventory Control Society define process as “a planned series of

actions or operations (e.g. mechanical, electrical, chemical, inspection, tests) that advance a

material or procedure from one stage of completion to ano-ther” (APICS Dictionary, 1995).

Davenport also make a very clear definition in 1993:

“a structured, measured set of activities designed to produce a specified output for a particular

customer or market, a specific ordering of work activities across time and space, with a

beginning, an end, and clearly identified inputs and outputs: a structure for action”

2.3.1.1 The classification of processes

Generally speaking, processes are relationships between inputs and outputs, where inputs are

transformed into outputs using sequence of activities, which add value to the inputs for a

specific customer. (Andersson, B & Brink, T 2012) ；

Based on the theory, the business processes are classified in different ways. From the

functional perspective, (Davenport 1993) business processes can be classified into core and

supportive processes. Moreover, according to the level of detail, each core business process

consists of a number of sub processes. Each sub process consists of a number of activities,
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which are further divided into tasks (Kalman 2002; Andersson, B et al. 2012)

2.3.2 Process Mapping

Mapping is a graphical representation process. (Ungan 2006). How the product or service is

created through the operation should easily be seen in a flowchart or map, a number of

process mapping techniques exist that use different semantic and syntactic formats to

graphically represent processes., (Chapman, P 2003) For example, the the‘Seven Value

Stream Mapping Tools (Hines and Rich 1997)

However, mapping is also a procedure that revealing not only the activities within the process,

but also the “connections” between different departments. (Andersson, B et al. 2012) the
mutual influence are also existing when the activities happen between each departments.

Last but not least. map is a easy way illustrate how value is created in the business (Ungan

2006).A mapping exercise should be the combination of the information flows and the

physical flow(Bicheno. J & Holweg. M 2009)Although mapping is a powerful tool, but is not

the full answer, the real purpose of the mapping is to design for the future state by

establishing basis for the improvement action, both for short and long term.(Bicheno. J &

Holweg. M 2009)

Davenport (1993) also identifies four reasons to document existing processes.

Reason to document existing
process

Aim of documentation

Facilitate Communication Develop common

understanding of existing state;

Help individuals view their work

from a process perspective

Provide information to migration

and implementation planning

Understand magnitude of

anticipated change; Understand

tasks required to move from the

current to a new process.

Recognise existing problems Help ensure problems are not

repeated in the new process

Provide a performance baseline Allows the value of the new

process to be measured.

Table 2.1(Davenport, 1993)
In that article, he stressed an existing process helps individual’s view their work from a

process perspective. By this perspective, those people are more likely to adopt an

improvement process

Also on (1993 Prasad and Strand) identify three criteria for a technique and tool for

documenting process

 Provide a simple mechanism towards easy understanding of current works, methods and

practices.

 Encourage communication and discussion
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 Provide a visual means to seek inputs from those not originally involved in the

documentation of the process.

It stressed the importance of better communication, within document existing processes.

In 1998, Soliman describes process mapping as a technique used to detail business processes

that focuses on, “the important elements that influence behaviour,”allowing the business to be

viewed, “at a glance.”

Savory and Olson (2001) and Kalman (2002) Andersson, B & Brink, T (2012) summarize

those research about the benefits of process mapping

1. A map can act as basis for redesign or modification, it helps to visualize the business and

identify areas for further analysis and improvement

2. A map can be used as a communication tool across firms and departments and will lead to

common understanding of the process. The map can also be used as an education tool for new

people involved in the process so they can be oriented of their role in the process.

Advantage and Disadvantage of Process mapping
From the positive perspective, after the process mapping, (Kalman, H.K 2002)

 work flow is simplified by eliminating unnecessary checking and transport steps

 Cycle time is reduced or speed of service is increased as a result of reducing or

eliminating queue time and unnecessary checking steps.

 Quality is improved and variability is decreased since fewer steps means fewer

opportunities to introduce error. Process mapping can eliminate the source(s) of error.

 Job satisfaction is improved. Employees often gain more autonomy over their work, use

their capabilities and competencies more fully, and understand their jobs better.

 Communication and cooperation across functional boundaries is improved.

 Costs are reduced by eliminating work that is unnecessary and that adds no value.

However, traditional process mapping also has their drawbacks

 They were not very suitable for multi-product flow analysis.

 None of these tools was really good for capturing complexities and dynamics in

Manufacturing enterprises. (K. Agyapong-Kodua , J.O. Ajaefobi , R.H. Weston & S.

Ratchev 2012)This is because traditional process-based tools such as VSM, cost–time

profile, and value adding time profile were designed for mapping linear processes and do

not reflect real-time dynamic instances of enterprises.

 Analysing the various mapping tools, it was observed that none of the tools had

formalisms which supported a detailed decomposition of processes. Also, there are no

clear methodologies for defining processes and their associated activities.
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2.3.3 Flowchart

Flowchart is one of the process mapping tools which is used to understand a process by using

different symbols to represent activities and decisions points within the flow (Barsalou, A.M.

2014). The factors identified in the flow chart could serve as a basis for an Ishikawa diagram,

the actions could be visualized in a time-sequence order and provides an overview of the

activities.

Figure 2.2
The main benefit with usage of flowchart is the flexibility (Aguilar-Savén 2004). A process can

be described in a wide variety of ways by combining the different symbols as building blocks.

However, the disadvantages of the flow chart are restricted space for further analysis and

unclear boundaries between main and sub process or activities, it causes no reveal of waste

work due to errors and defects and no clear visualization of cost and quality.Therefore,

without the holistic picture of the entire process, it is difficult to sufficiently use the

flowchart.

In addition, the lack of information about interactions in the flowchart also influence the

efforts for improvement.(Aguilar- Savén 2004)

2.3.3.1 The Time-based simple flow chart (walk the process)

Figure 2.3

The time-based simple flow chart could be regarded as a simplify

of the traditional flowchart.

It is the simplest type of flow chart and most suited to

representing the function of a product or a process, i.e. a

description of its purpose, (Prasad and Strand, 1993).

This technique uses a notation of boxes to represent activities and

arrows to represent relationships between activities, as shown in

Figure 2.3 . ,which is obviously very clearly for identify the

boundaries between each activities and more suitable be used in

the TBPM.
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2.3.4 Value stream mapping

The term Value Stream Management originates from Supply Chain Management (SCM) that

typically refers to the entire supply activity of a firm. A framework of value stream mapping

was developed by Toyota in Japan to understand waste and inefficiency in value streams

(Jones, Hines & Tich, 1997).

It is a type of Process mapping tools, which has been instrumental in the implementation of

lean (Hines and Nick 1997, Bicheno 2000, Womack and Jones 2003, Lian and Van

Landeghem 2007).

Typically, value stream mapping has been reported to be a useful tool in transforming mass

production systems to lean production systems (Liker 1998), Wood (2004)stated that Value

Stream Management results in the reduction of wasteful activities, which makes the company

more responsive to customer demand.

In principle, value stream analysis can help specify processes with: integrated single piece

flow; defect prevention; production pull; continuous waste reduction; flexible team-based

work and active involvement and close integration with suppliers (Bicheno 2000).

In practice, (Rahani A.R, Al-Ashraf M, 2012)value stream mapping consists of three steps that

examine the interactions between processes. A present state value stream map shows work

processes as they exist in the present. The present state is assessed to understand what needs

improvement. A future state value stream map assesses where the corporation would like to

be after changes are implemented. Future state requires more in-depth understanding of

inventory processes. Finally, developing and implementing a plan to reach the future state

should be the outcome of VSM.

Advantages and disadvantages of VSM
Value stream mapping has proven effective in many organisations.

Pavnaskar et al.(2003) argue that:

In the use of VSM, it makes it easier to see the relationship between material and information

flows.

The systemic vision provided for each product family reflects system inefficiencies. (Jones

and Womack 2003).A common language can be provided for the team to unify lean concepts

and techniques in a single body.(Baker 2003).There is the possibility of VSM being the

starting point of strategic plan improvement (Gregory 2003).

According to Brunt (2000), the benefits of removing waste and inefficiency in value

streams are realized by showing a big picture of the value stream to optimize rather whole

than individual processes. Although the detailed value stream mapping toolkit can be applied

to fill in gaps left by big picture mapping. Some of the detailed mapping tools are process

activity mapping, supply chain response matrix, production variety funnel, quality filter
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mapping,demand amplification mapping, value analysis time profile, and decision point

analysis (Hines & Taylor, 2000).

According to Koskela (2004), the five lean principles provide a comprehensive foundation for

transformation of productive activity from traditional to lean.

However, in fact, VSM is fragmented and lacks an adequate conceptualization of production.

Next, the five principles do not systematically cover value generation. In addition, “the failure

to trace the origin of lean concepts and principles reduces the opportunity to justify and

explain them” (Koskela, 2004 p.35).

It implies, value stream mapping was observed not to be an effective process redesign and

improvement tool for manufacturing systems that need to realize multi-product flows.

Apparently, the current best-practice approach to value steam mapping is not capable of

mapping complexities and dynamics inherent in MEs. Also, existing literature on the lean

approach to value stream mapping does not clearly show how values are quantified along

process segments.

The closest idea towards quantification of values is based on cycle and lead times. None of the

other mapping tools could be used complementarily with the value stream mapping tool to

help overcome these limitations.

2.3.5 Time-based process mapping

In short, traditional TBPM is a technique for mapping the performance of a process with

respect to time (Gregory and Rawling, 1997). The term was first introduced by Professor

Goran Persson (Norwegian School of Management) and the context of its application is

portrayed in relation to business processes within a holistic supply chain system.

It emphasizes on reducing the amount of time consumed by business processes; The key to

achieving time compression is to remove waste and refocus the sequence of the activities so

that time consumption is reduced for the total supply chain system.

Based on that, (Wilding, R et. al 2011) time based process mapping provides an effective ‘lens’

for supply chain professionals to identify opportunities for improvement in the platelet supply

chain. This methodology enables managers to challenge current processes and methods.

In contrast to the traditional process mapping that being a simple metric, time allows a rich

understanding of the symptoms of poor performance and is effective in identifying and

diagnosing waste.(Chapman, P 2003)

Through integrating with other tools to promote a time based approach to process thinking

and improvement (Chapman, 2001). TBPM overcomes the drawbacks such did not fit well

more cross-functional toolbox (Hines and Rich 1997)



14

2.3.5.1 Advantages and disadvantages of TBPM

In TBPM, measuring performance is a powerful tool for driving performance improvement.

By identifying the key attributes of a process or system, they can be focused upon and the

feedback could be given back to the team about the effect of their efforts and progress towards

targets.(Chapman, P 2003)

In order to do that, a performance baseline was established. It helps to assess the effect of

improvement both in process structure and activities to make sure the improvement can be

achieved as plan.

The key purpose of a Time Based Process Map is to provide a simple mechanism for

understanding of current performance.

From this perspective, time is easier to understand and grasp as a performance attribute.

Comparing to cost and quality, which are open to difference in interpretation, time is an

absolute measure. Many people may not use cost and quality as a measure properly, due to

the poor grasp of how costs happens in reality and misunderstanding the meaning of “quality”,

(Harrison, A & Hoek, V.R 2011) However, time is simple measure that everyone understands,

even people have a little training, it allows them to measure the performance of a process or

activity.

In addition, if the measures are simple to understand, it will be easier for people to figure out

the big issues. Moreover, they can directly measure the process of activities and target a

process which is just adding time.

2.4 Categorizing the mapping approaches in Theory

Different mapping techniques fit different situations.

Andersson, et al, (2012) mentioned the mapping tools differ from each other, based on the

level of detail. Those differences also make them suitable in different levels of the organization

and can be used for different purposes.

Furthermore, (Schmidt and Wilbert 2000) (Andersson, B & Brink, T 2012) identify three

levels, including the strategic, tactical and operational, and which mapping tools are more

suitable for a specific level

In table the categorization of the mapping tools is shown.
Level of details Characters Mapping tools Length of

Time

Who responsible

Strategic level a focus of long

term development

Value stream

Mapping

at least 1

year

High-level

managers

For instance DC

manager
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Tactical level a focus on

improvements in

different parts of

the organization

Time-based

process mapping

between 6

and 12

months

Mid-level

managers Such

as warehouse

manager, team

leader

Operational level focus on the

details and in the

lowest level of the

organization i.e.

tasks.

Time-based

simple flow chart

& Flow chart

6 months

or less

Operational

managers

Table 2.2 illustrating the categorization of the mapping tools

As seen in the table 2.2, in this research, due to time limit, the research level will be more

focus on the tactical level and operational level, so the TBPM and Time-based simple flow

chart is suitable from the research levels.

2.5 The overview steps of the time process mapping

A number of requirements emerge from the examination of the principles of the holistic

supply chain and its interconnections with the new product introduction process via the

theme of design for logistics. (Beesley, A 1996) The time metric provides an intrinsic measure

that is practical to apply in such a broad area, so the key is to track one order, on product or

one person through the process with respect to time.(Harrison, A & Hoek, V.R 2011)

A map is a snapshot taken during a given time period. Workloads may vary during the course

of a month, and the so may the individual process times. Record the actual times that we

observe. Most processes take place in batches, so if you are mapping a trailer being filled with

types, record the time that median type waits before being moved. The method of

documentation of the symbols to use are illustrated in table 2.3

Step Description Symbol Time Notes

1

2

3

4

5

Table 2.3 process document
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Symbol Description

Transport

Store

Operation

Inspect

Delay

Key operations and the sub-processes that can consume the most time and generate the great

in-efficiency (e.g. Waiting for transport) are revealed, enabling problem solving and the

improvement of the supply chain.

1. Create a task force

Before the mapping process can be undertaken, investigate the process that have chosen to

map, clarify the aim, and the scope through recognizing supply chain processes cross all

functions of the organization. Sketches low diagram of this process to show the linkages and

dependencies of sub-processes within it. It is therefore important to have all key functions

represented.

2.Select the process to map

After take an overview of the core processes within the organization and the time they take

before deciding on the priority for detailed mapping. When selecting the process, ensure that

there is a clear purpose or “customer” that the process serves. A clear boundary should also be

present.

3.Collect data.

The most effective method way to collect the data is to track one item or product through the

process and time spent waiting between them. This is often referred to as walking the process

or called the simple flow chart. Identify someone such as co-workers or team leaders who is

actively involved in each part of the process and know what is really happening within the

process: Interview this key individuals, Get the interviewee to describe a day in the life of that

product or order. Remember the steps an item goes through are not just those where

something is done. Identify an appropriate level of detail at which to map the process.

4.Flowchart the process

Using the information from above, calculate the total time that overall process consumes from

beginning to the end. It is worth comparing the theoretical time to the actual times that the

jobs are taking before constructing the time-based process map. This ensures that you have

not overlooked any stages of the process.

5.Distinguish between value-adding and non-value-adding time

Highlight the value adding sub-processes. These can be identified by asking the following

questions:

Does it all to nature of the product or service in any way that the consumer the customer
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would want

If yes, then it is adding value, if no, then it is a non-value adding( e.g. work waiting, storage,

queuing)

Non-value- adding activity can be split into four categories: delay, transport, storage and

inspection, by using the table

6.Construct the time-based process map

The purpose of the time based process map is to represent the data collected clearly and

concisely to that the critical aspects of the supply network can be communicated in an easily

accessible way. The ultimate goal is to represent the process on a single piece of paper so that

the task force and others involved in the project can easily see the issues. A simple Gantt chart

technique can be used to show the process, and different categories of non-value-adding time

can be represented on this.

By plotting the time based on processing map. The top axis will show the total time from start

to finish of the process. The left-hand axis will show the various sub-process within the overall

process. For simplicity, they should be listed in order that they are to be performed

Draw in process past represent the typical start and finish time of each. The process. Ideally,

use average times. However, in some instance, it may be important to show the maximum and

minimum times

7.Solution generation

Once the time-based process map has been produced, consider all the elements of non-value

adding time and create an action plan to minimize if not eliminate the non-value adding time.

The task force can collect ideas and categories causes of non-value-adding activity using

problem-solving approaches such as cause-and-effect diagrams.

Label on the TBPM the value adding time and breakdown to the non-value adding time into

areas

Calculate the value adding time as a percentage of the total time. This will be used as a state of

the ground for the measurement of future improvements

2.5.1 How to gathering actual time data for Time-based Performance Measures

Chapman, P (2003) mentioned time based process mapping requires the collection of two

kinds of data from every step along a process. This data is collected from talk with the people

who undertake the tasks involved in a process.

1. Activity time typically taken to perform the step of the process they are responsible for, for

the particular item being followed.

2. Elapsed time(waste time) between when the item finishes the preceding step in the process

until it finishes their step in the process.

Elapsed time is the total time taken from the end of the preceding stage of the process to the

end of the current stage. Therefore, elapsed time includes the time spent undertaking activity.
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It helps to highlight where wasted time exists in a process and provides practitioners with

direction in their efforts to address the most significant areas of waste in the process.

(Chapman, P 2003)

Steps Elapsed time/

Working hours

Activity time/

working hours

Table 2.4 Performance Measures of a Process

2.5.2 Data Presentation.

The key purpose of a Time Based Process Map is to provide a simple mechanism for easy

understanding of current performance. It achieves this with a graphical representation of the

data collected. A TBPM is best constructed by entering the data into a spreadsheet and

creating a chart.

This structure for presenting performance data highlights the incidence of wasted time. The

role of the TBPM is therefore one of being a technique that provides a temporal

representation of process performance.

Figure 2.4 A Time-based process map (Chapman, P 2003)
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2.6 Analysis tool

Time-based Process Analysis. After having confirmed the chart is an accurate reflection of

process performance. This TBPM is used as the basis from which the performance of the

process can be examined.(Chapman, P 2003)

This examination should consist of Time-based analysis and root cause analysis

2.6.1 Time-based analysis:

Time-based methodologies have been developed to provide a process-based approach to

supply chain analysis. They have a proven ability to determine the major areas of waste within

processes and consequently the opportunity for cost reduction, where waste is any activity

that does not add value to the product (Stalk and Hout, 1990; Blackburn, 1991).

One of the key aspects of time- based methodologies is the ability to account for both value

adding time and non-value adding time in processes. For example, time-based process

mapping (TBPM) (Gregory and Rawling, 1997) identifies value adding and non-value adding

activities within the supply chain using the following definition of value:

Value is added to products or services only when the following three criteria are met

(Blackburn, 1991; Gregory and Rawling, 1997):

 customer cares about the change,

 physically change the item,

 right first time.

Besides of that, (Hines et al. 1997) explained a value adding activity is an activity that

contributes in satisfying the customers need in a direct way.

A non-value adding activity is an activity that does not create value for the customer but is

needed for the functioning of another process or the organization. An example of a non-value

adding activity could be Handle production orders.

After that, A ‘cause and effect analysis’ could be used to determine the cause of the wasted

time in the Process. Through identification of the sources of wasted time in the process,

solutions are implemented that remove these root causes and reduce process lead time.

Last but not least,not all non-value adding time is bad(i.e some transportation may be needed

to get the product to the customer. It is important to question why it is necessary and how

non-value adding can be minimised
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2.6.2 Root cause analysis

Root Cause Analysis (RCA) is search for the underlying cause of a quality problem (Barsalou,

A.M. 2014)

It is used in purpose to correct the root cause, instead of fix the symptoms of problems.

(Andersson, B & Brink, T 2012) The importance in RCA is therefore to identify why a problem

occurred, not only what happened and how it occurred. (Rooney and Vanden Heuvel 2004)

A benefit with root cause analysis is that it is a time effective method (Andersson, B & Brink, T

2012) Most quality problems can be solved using the classic seven quality tools.However, the

use of the seven quality tools and the scientific method may not be sufficient for investigating

a complex quality problem. The scientific method together with the classic seven quality tools

and other other tools and methods form a complete quality toolbox.(Barsalou, A.M. 2014)

2.6.2.1 Fishbone diagram (Ishikawa diagram or Cause and effect diagram)

The Fishbone diagram (Ishikawa diagram or Cause and effect diagram) was origially created

by Kaoru Ishikawa, who use it to depict the causes that lead to an effect. Joseph Juran

mentioned the name of Ishikawa diagram in his 1962 book Quality Control Handbook, and

now the Ishikawa diagram is also known as fish-bone diagram because of its resemblance to a

fish bone or sometimes also called a cause -and effect diagram. (Barsalou, A.M. 2014)

The fishbone diagram is a way of visualizing the relationship between different causes and a

problem. A graphic illustration of a fishbone is used to illustrate this relationship. The head of

the fish represents the problem, or the effect of the problem. The causes to the problem are

visualized as spines. Smaller bones can be added to the spines if each cause is explained in

more detail. An example is shown in Figure X.

Figure 2.5 (Barsalou, A.M. 2014)
An Ishikawa diagram can be subjective and limited by the knowledge and experience of the

quality engineer who is creating it. However, it coud be compensated by work with a team

when creating an Ishikawa diagram. The Ishikawa diagram may not lead directly to a root

cause, it could be effective in identifying potential factors for further research



21

In fact, Rohleder and Silver (1997) observe that appropriate Flow diagrams are excellent

devices to understand a process.

2.6.2.2 Check sheet

Another of Ishikawa’s tools is the check sheet. A check sheet can be used for multiple reasons,

for example to collect data on types of defects, defect locations, cause of defects, or other uses

as deemed appropriate (Ishikawa 1991)

For example, the data collected by a check sheet could be used for prioritization of a root

cause investigation, it may be better to seek the root cause of an occurrence that happened

25times before investigating the root cause of an event with only 1 occurrence.

Failure Number of
occurrence

total

Total

Table 2.5 (Barsalou, A.M. 2014)

2.6.2.3 5whys

Five why is a method used to find the root causes of problems (Latino 2004). By repeatedly

asking ―Why did this happen? the root cause will finally be identified. The method does not

require the analyst to ask this question exactly five times. The purpose is to find the root cause

and the question should be asked until no further

answer is forthcoming. The method relies that the last answer, or answers, are linked to a

solution to the problem (Latino 2004). The root cause will then be identified but not solved

3 Methodology

We have to admit the possible situation that researcher’s subjective decision influencing the

final result of a research. In order to ensure the reliability and viability of this research, it is

important to clearly defined the methodology at the beginning



22

In terms of the scientific approachs, three scientific approaches are mentioned by (Arbnor and

Bjerke 1997) the analytical approach, the systems approach and the actors approach.

Analytical
approach

Systems
approach

Actors
approach

Theory Determining

cause-effect

relations.

Explanations,

predictions.

Universal, time

and value free

laws

Models.

Recommendati

ons, normative

aspects.

Knowledge

about concrete

systems

Interpretation

s,

understanding

. Contextual

knowledge

Method Quantitative

(qualitative

research only

for validation)

Case

studies

(qualitativ

e and

quantitati

ve)

Qualitative

Analysis Concepts and

their relations

Systems: links,

feedback

mechanisms

and boundaries

People – and

their

interaction

Data

analysis

Description,

hypothesis

testing

Mapping tool Interpretation

Position of

the

researcher

Outside Preferably

outside

Inside – as

part of the

process

Table 3.1

In this study, the system approach will be chosen. Based on this approach, it is essential to

identify the sub process of system, both the links, goals and feedback in order to obtain a

whole holistic view of the system.

Due to this research purpose, the case study is the ideal research method when using a system

approach, where both qualitative and quantitative methods can be used.

Robson (2002) identify the Case study as “a strategy for doing research which involves an
empirical investigation for a particular contemporary phenomenon within its real life
context using multiple source of evidence”. And qualitative case study research is suggested to
be useful in complex and practice-oriented fields such as operation management and logistic,

because researcher could gain better information which is behind the result than traditional

quantitative research methods. (Merriam, 1998)
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3.1 Scientific approach

Researchers can have different views of reality which can influence the approach of the

research (Arbnor and Bjerke 2008). The result of a research will therefore depend on the

researchers’ state of mind. To ensure that the thesis will be understood in the right way, it is

necessary that the scientific approach is clearly defined.

3.1.1The scientific approach in this thesis

The warehouse 3 process will be defined and divided into several parts. In this research, we

will get a whole picture about the entire terminal process at the first time, then detail

researches will continue. Meanwhile, the interactions between each of the actors and

processes will be demonstrated by the tables and process maps. So the final purpose of this

research is to perform mapping of the warehouse 3’ process through a deeper analysis of

identified problems with the target products. The potential solutions and recommendations

will be given after the analysis. This should result in a case specific analysis and

recommendations.

The warehouse 3’process can be divided into sub-processes and investigated one by one. AS

synergy effects exist between the different parts in the process. An understanding for the

different parts relationships and connections is essential, in order to figure out how the

system reacts on changes among each parts.

The objective was to perform mapping of the entire process at the first time, then use further

analysis to identify the problems.

3.1.2 Qualitative research

Observations and interviews are methods that can be associated with qualitative research. In a

qualitative research, data which consist of words and descriptions is gathered (). Qualitative

data can for example be used to interpret observations.

Due to the nature of this study, primary quantitative methods for data collection were used.

Qualitative methods for collecting data as interviews and observations also occurred.

3.2 Research strategy

A research strategy describes the fundamental way to work through a study. The nature and

the research purpose of the study determine which research strategy that should be used.

In this study, case study will be research strategy, the detail of case study will be explained

below
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3.2.1 Case study:

A deep analysis is performed on one or more case objects with the intention to understand a

phenomena and the cause of it. Conclusions that are made in a case study are often case

specific and there is no aim of finding a general conclusion that can be used in other case

studies.

A case study can have a single or multiple case study design (Ellram 1996). A single case

design is used when an examination is made on one unit

3.2.2 The research strategy that used in this thesis

This was done with a single case design. Primary quantitative methods were used but

qualitative methods also occurred.

When a research strategy been selected the next step is to form a research design (Yin 2007).

According to Yin (2007) the researcher has to build his own research structure, owing to

The structure of case studies is flexible and multiple. A research structure could be made as a

path for how to get from the research questions to the final conclusions. A research design

contains processes like data collection, data analysis and so on.

3.3 Data collection

According Patel & Davidsson (2003, p.63) there are six ways of gathering empirical data.

These are existing documents, tests, journals, attitude scales, observations and interviews.

This study mainly used participant observation and several interviews as data collection

methods. In addition to above methods, (archival data) was also gathered

Where possible, observations are the necessary method to increase the validity of the thesis.

Interviews could be a supporting way to gather to clarify details regarding the production.

3.3.1 Primary data and secondary data

When we gathering the data, it is essential that ensuring the reliability, validity and accuracy

of data (Rabianski 2003).

There are two kinds of data, primary data and secondary data, both we should know where

and how we can use them.

Primary data is defined as information directly gathered by the researcher. It could be

gathering from the direct observations or interview the related people.

Secondary data is defined as information from a secondary source, i.e. not directly compiled

by the researchers (Rabianski 2003). Secondary data may have other original purpose

gathering by other persons or organizations, so it is important to check the validity of the data

in our research, in order to prevent the misleading of research conclusion.

Primary data is better at the accuracy and validity, because it gathers through interviews and
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direct observation from specific department or group.

Comparing with it, secondary data that was used are archival material and data gathered by

IKEA co-workers from IKEA’s IT-systems. Archival material is material collected from the

company like statistics, reports and documentations (Yin 2007) or former research

(Andersson, B & Brink, T. 2012).

Company delivery data was gathered from IKEA’s information systems in warehouse 3.

Quantitative data both gathering from IKEA’s IT-systems and participant observation in those

occasions considered as useable during analysis.

3.3.2 Interviews

An interview is a questioning of a person regarding a problem or a specific topic. General

advantages regarding interviews are that they focus on the subject area of the study and give

the researcher knowledge about the situation at hand (Yin, 2007, ).

There are several ways of conducting interviews (Patel & Davidsson, 2003, p.71).

Including structured-, semi structured- and unstructured interview.

In a structured interview, questions have been formed and the interviewed person can only

answer with predefined answers made by the researcher. This type of interview is common in

surveys.

In a semi structured, there is no predefined answer which enables the interviewee to answer

more in detail. The researcher should also be flexible when it comes to the sequence of the

questions and let the interviewee develop their ideas and opinions. (Andersson, B et al 2012)

In an unstructured interview the researcher only prepares the topics that should be discussed

i.e. no questions are formed. The researcher should try to start the interview by introducing a

topic and then let the interviewee talk and share thoughts, ideas, and opinions.

In this study, the most frequent form is the informal interview, which is one kind of

semi-structured interview with low degrees of both standardization and structure. This is

mainly due to the fact that the researcher involves into the warehouse and workshop, which

has made contact with employees and access to information relatively easy. In the initial

stages interviews were mainly held with the Team leader. These interviews had the form of

discussions in which the researcher and Team leader decided on the problem area to be

studied. When the problem area was defined company specific information had to be

explained. The most efficient solution was to ask the person responsible for the information.

Due to the above, interviews have had an informal character. Interviews with operators and

warehouse staff have been carried out in connection to observations.

Interviewee No. of interviews Average length (min) Interview(s)conducted
Team leader 2 20 In person
Goup manager 4 15 In person
Co-workers 5 10 In person
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Production Planner 2 15 In person
DC manager 1 15 phone /email

Table 3.2 A summary of interviews conducted at the IKEA DC

3.3.3 Observations

Observation is a data collection method which is not totally relying on what people are saying

or thinking Merriam (1998) It is based on the researchers own perception of what actually is

happening in real situations at the field.

(Andersson, et al 2012) mentioned there are two main types of observation methods;

systematic and participating observation. Systematic observation tries to overcome the

problematic mentioned above and minimize the variations that occurs based upon individual

perception. To do this, the observer is using an observation schedule to register data in a

systematic and standardized way. The goal is that the resulting data observed by the

researcher, will be consistent with other researchers´ observations of the same data.

If participating observation is used, the observer participates in the environment a certain

time period during the study and observes what happens, listening to what is being said and

ask questions. It is important to maintain and not affect the natural environment of the

studied object.

This study uses participating observations as an important and significant data collection

method. Observation is one of the methods that were used to study the white goods process

and its sub-processes within the warehouse. Field notes were taken to document the field

observations. By directly document what was observed, the documentation was not affected

by memories and perceptions. If suspicions existed concerning information gathered through

observations, this information was verified through additional observations or through

interviews. Most observations were done in the warehouse 3 in Torsvik.

3.5 Trustworthiness

It is important to verify the research, in order to prevent the meaningless research.

When a research to be considered as trustworthy, the sources used in the report also have to

be trustworthy. The used literature has been controlled in term of trustworthiness by the

researcher during the whole study. In majority, books and articles has been used as sources

which in large extent has been found through searches in the data bases;

3.5.1 Validity

A high validity means that the study has measured what it set out to measure (Patel &

Davidsson, 2003, p. 98), which means the correct research factors have been satisfied.
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Different types of data collection methods have been used as unstructured interviews, semi

structured interview, observations, workshops and quantitative data collection from

IT-systems. This has been achieved by using both qualitative and quantitative data.

Two types of validities are defined in the literature; internal and external (Yin, 2007). The

internal validity is to what extent the correct conclusions have been made from the results

obtained and the external validity is to what extent the findings can be generalized to other

situations.

In order to avoid personal opinions and inaccurate information, interviews have been held

with as many people as possible. By doing so, the information has been gathered from several

people with different points of view. Unfortunately, it was impossible to gather all the

information from different sources, so the risk that information is inaccurate always existing.

Information that could have been misunderstood was communicated to the interviewees for

verification.

3.5.2 Reliability

Reliability is defined as the probability that if the study is conducted again in the same

manner the same results are obtained and the same conclusions are made (Yin, 2007,).

High reliability is achieved if the outcome of the research would be the same if the research

had been performed once more.

A clear research procedure has been explained. If the research should be performed again, the

researcher could follow the same research procedure. The data collection can be performed in

the same way again. This increases the reliability.

Interviews could also be held with as many people as possible to insure that the authors have

gained the whole picture. This has increased the reliability.
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4 Empirical Findings

4.1 Case study

Figure 4.1 IKEA’s terminal in Torsvik (Andersson, et al 2012)

Background of IKEA
IKEA is a world-leading furniture company and was founded in 1943 by Ingvar Kamprad in

the village Agunnaryd in Sweden. The name IKEA is the short for Ingvar Kamprad Elmtaryd

Aggunaryd, including the name of two places where Kamprad was born and raised. In the

early of IKEA, Kamprad sold accessories like pencils and watches, then he involves into the

home furniture industry and opened up a furniture store in Älmhult in the next ten years. In

1956 IKEA started to design and manufacture their own home furniture. During this time

IKEA developed a new way of shipping goods to their customers. Instead of shipping

assembled furniture, which is more expensive due to larger space needed during

transportation, IKEA shipped the furniture in flat package which saved a lot of space and

reduced the risk of damaging the goods during transport.

When the customer receives the goods he will need to assembly the furniture himself. In the

beginning of the 60s IKEA opens the first store outside Sweden, in Oslo, Norway. In the next

30 years IKEA expands to Europe, North America, Australia and Asia

Build upon on his founder’s values and spirit, “to create a better everyday life for the many
people”, the IKEA business idea is to offer a wide range of well-designed, functional home
furnishing products at prices so low that as many people as possible will afford them (IKEA

2012a).
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In order to manage the distribution issues, IKEA Distribution Services (IKEA DS) is divided in

five distribution areas; North Europe, Central Europe, South Europe, North America and Asia

Pacific. As mentioned in the background part, the scope of this study will be DS North Europe.

There are two major terminals that distribute customer orders in DS North Europe. One is in

the Peterborough supplies the British market and another in Torsvik supplies the remaining

countries in the North Europe distribution area.

IKEA Terminal Torsvik
This study is focusing on the distribution process managed by the terminal in Torsvik. This

terminal is therefore explained in following chapter.

In Torsvik, IKEA has both a DC and a CDC terminal. CDC warehouse focus on the direct

distribution order to customers’ home, DC warehouse is responsible for the distribution order

to each hubs. As you seen from picture, the nearest of the two white buildings are CDC

warehouse and DC warehouse respectively, they are connected by the tunnel and truck. The

rest bigger building cross the road called warehouse 3, it has both has both CDC and DC

products flow within it. Due to capacity limitation of DC and warehouse, as the biggest

warehouse in the terminal Torsvik, warehouse 3 plays a important role to maintain the stock

availability during the peak time. Each warehouses are managed by different team leaders,

but responsible for the entire terminal manager in Torsvik.

During this study, the research will focus on the warehouse 3. As the entry point of entire

research.

In order to know the current situation of IKEA Terminal in Torsvik, several history data will

be illustrated below.

“The terminal in Torsvik has total 65,000 m2 and 55,000 m storing capacity. It also handled
a volume of 724,000 m3 and over 4.5 million order lines in 2012. Until 2012, CDC terminal
has 450 employees, 5,500 articles in range including test range, 300 million EUR in sales
via it Torsvik and occupying 14% share of total Nordic sales. The daily volumes incorporate
1,000 m3 incoming deliveries with truck; 200 m3 incoming deliveries with railway; 70 m3
incoming deliveries from DC via tunnel: 100 trucks per day in/out. The warehouse 3 has a
nearly 20000 square meters,15000 steres storing capacity” (Andersson, B & Brink, T. 2012)

Because the dramatic growing fast goods occupied too much storage capacity in the CDC and

DC warehouse, both DC and CDC renting the free space in warehouse S for peak season’s

compaign goods.

This year the compaign goods are the kitchen appliances, because of the color on the surface,

thus these goods are called “white goods”

4.1.1 Product description

IKEA offers a range of 7 major “white goods” (kitchen appliances), including the ovens,

microwave ovens, hobs, extractor hoods, fridges and freezers, dishwashers, washing machines.
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Each one has a variety of types and styles, on the one hand, it offers more choices for the

customer, on the other hand, it obviously increases the difficult of dealing with so wide range

of goods during sales campaign season, therefore, it is important to find out a factor that

could easily measuring the current supply chain performance, in order to optimize the current

process.

In addition to that, from the customer perspective, why they choose the IKEA kitchen

appliances instead of other brands? One reason, of course, the brand attractiveness, IKEA

focus on providing high cost performance products that normal people can afford them, which

is also one of the important business spirit of IKEA. However, customer also cares about the

time that how long they can get the new one or return the broken one. In this situation, time is

very direct and significant factor that determines the success marketing strategy of IKEA.

4.2 The traditional process-based mapping in IKEA’s terminal

To begin with, this research will try to get a brief map of the distribution process in the

terminal, in order to understand the functions of different departments, material flow and

information flow.

The current brief state mapped down through the interviews, observation and presented and

in the below figure

The holistic process in IKEA’s terminal in Torsvik

Figure 4.2 overview of the process from white goods arrive and white goods dispatch.

The Value Supply Chain of IKEA in Torsvik

This chapter introduces main actors that are involved in the value flow of IKEA kitchen

appliances family product flow at Torsvik.

The actors of Torsivk value chain are connected through the IKEA flow. There are several

main actors, from the raw material supplier to the end customer, that are involved in the
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value flow of IKEA DC, see Figure below

Specify Value

According to Womack and Jones (1996), the starting point for value stream mapping is to

define value that is created by the producer. One of the value definitions in Table 2-1 specifies

the value as “a property of a product or service that the customer cares about and would be

willing to pay for” (Whicker, Bernon, Templar & Mena, 2006, p.2.).

According to the definition, value is the bunch of kitchen appliances that IKEA providing to

their customers. A property of a product or service that the customer cares about is the high

quality and safety products with customized functions and designs. Therefore the customer

would be willing to pay for this customized solution in the kitchen choice.However, the

process of building an individual solutions requires knowledge of how the kitchen appliances

should be organized within the combination. Some limitations are still existing that It implies

that not all the kitchen appliances could be combined in all ways.

From this perspective, the truely valuable work that the staff of IKEA created is assisting the

customer in better choosing the individual kitchen solutions that could satisfy the product

specification and the customer needs.

Identify the Value Stream

The reason to identify the value stream is to search for muda (waste). By choosing the specific

products and mapping out every step in the order fulfillment process it will be possible to

identify muda. The rationale behind it is that only measurable activities can be properly

managed. Moreover, if the activities necessary to create or produce a specific product cannot

be precisely identified and analyzed, they cannot be improved or eliminated(Womack & Jones,

1996).
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Based on the VSM theory, we should defined the activities necessary to bring Kitchen

appliances from the stage of supplier to the stage of end customers. However, according to the

limitation we set before, we focus on the value stream of kitchen appliances from the stage

when different kitchen appliances enter

IKEA’s DC warehouse until the time when the finished kitchen appliances groups have to be

shipped to the customers.

The value stream for picking up kitchen appliances in IKEA DC consist of several flows.

However, we will look closer at the flows in warehouse3. Because the operations in CDC and

DC warehouse are similar to the process in warehouse 3. Other key actors will also be

mentioned for instance supplier X and supplier Y.

Supplier X and supplier Y could be the same one, the only difference is determined by if the

order could be providing to customers without adding other suppliers’ appliances.

4.2.1 Lead time of whole process in IKEA’s terminal

“The lead time of consolidating the shipments at the DC or CDC warehouse is defined as
average 3 days by IKEA”. (Andersson, B & Brink, T. 2012) In warehouse 3, it distributes both

fast goods (compaign goods, summer chairs, open BBQ grill et al.) and low speed goods( big

size furniture or sofas et al), in this case, it only considers the fast goods situation,the

maximum lead time for white goods are 48hours, the average lead time is 24 hours.
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4.3 Consolidate shipments

Figure 4.3 Process activity mapping of the sub process Consolidate shipment
The sub process Consolidate shipments, visualized in figure 4.3s triggered by the white Goods
arrive at warehouse
Meanwhile, the sub process Consolidate shipment creates goods information and transport

information in IT system. These information is sent by the Administration department and

acts as an start point to the sub process Communicate information.

4.3.1 In bound process

Figure 4.4 Overview of the activity Inbound process

The inbound process starts at the goods arriving at warehouse 3. Both trains and trucks are

used for delivering goods. When goods are delivered by tuck, the tranport documents will

hand over to the reception and register , including the where the goods come from and what

goods they deliver. The reception is a independent department, which is not belong to any

warehouse teams, but responsible to a department called Administration. After the
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registeration, the consignment notes are copied and the orignial is returned to the driver. The

driver receives the information about which gate and what time the goods should be

unloaded.

The driver moves the truck to the correct gate at the appointed time and prepares the truck for

unloading. The driver hands over the consignment notes to the IKEA co-workers at each

warehouse called Goods in. Then the co-workers unload the truck and place the goods at the
inbound locations.

If goods are delivered by train the driver will drive the train set directly to the train platform.

Consignment notes are submitted with the goods arriving with the trains and are collected by

co-workers at Goods in.
They are also unloading the train. They will in the same time register that the train has arrived

in a booking list, existing in the IT-system. (Andersson, B & Brink, T. 2012) The goods are

unloaded at the train platform and thereafter are the goods moved to an inbound location.

Sometimes, if the amount of goods delivered by train is low the goods can be stored at the

train platform instead, until next train arrive,

After one day’s work, all the incoming consignment notes are thereafter delivered to the

Administration at the end of the day.
The Administration also registers all incoming goods as arrived in the IT-system. A list is

compiled containing consignment number, supplier and destination for all consignment notes

that has arrived during the day before. This is sent to each warehouse group manager This list

will act as an outbound process, transport information.(Andersson, B & Brink, T. 2012)

After all goods are unloaded, Goods in department will confirm goods information such as the

volume of the goods and tranport information for the next day. Thess informations will

update in the IT system then both DC /CDC team leader and group managers could see those

information from the IT system. Next day, these information acts as an start point for

outbound process;

In this situation, each group manager will know how much volume the white goods will

require in the trucks when it should be transported to the DC or CDC terminal tomorrow.

4.3.2 Goods out

Information about the goods is a trigger for the next activity, Goods out. This activity is
visualized in figure 4.5
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Figure 4.5 Overview of the activity Goods out (Andersson, B & Brink, T. 2012)

Communication information

Figure 4.6 Overview of the activity communication information

To be able to book outbound process, from warehouse 3 to the CDC warehouse or DC

warehouse, the information about goods volume and gates number in DC and CDC

warehouses are needed. This information is received from Goods in and administration
department.
The transportation is also coordinated by the group managers in each warehouse, for instance

if one warehouse has a peak time for the transport process, other groups manager will arrange

his group co-workers that warehouse and help it.

Team leader Vlada Dimoski:“Usually, the transports must be booked in the morning before
departure. The transport is booked the day after the arrival day, after group manager
knowing the accurate volume of the received white goods.”
The white goods will be seperated from other goods on the pallets, the former one will store at

the inbound location or move to blocking area(pallets storage), which stored for the fast goods,

the rest low speed goods will transit to the Racks area.

In simple terms, Day 1;In the morning, the white goods arrive, the volume be confirmed then

transportation is booked, in the afternoon, co-workers will consolidate the white goods at the

outbound location, then the goods waiting for one night. Day 2 white goods are dispatched.



36

“Then the administration department manually register which consignments that should be
transported in which truck by connecting the consignment number with the shipment
number in the IT-system”. (Andersson, B & Brink, T. 2012) This information is a trigger for

the next activity Outbound process.

4.3.3 Outbound process

Outbound process is the last activity in the sub process Consolidate shipment.

Figure 4.7 Overview of the activity Outbound process
Group manager Daniel in warehouse3 said:”Outbound process start at Transport information.

Group manager will receive this information via a booking list from the IT-system. This

information tells which goods should be placed at the different outbound areas, depending on

which location that should receive the tranporation white goods”.

If goods are delivered by truck the co-workers will transit goods directly to the outbound

location, there will be a automatic package machine for the packaging process,

Before the labelling activity, the group manager will spent some time to print the labels and

give them to the co-workers.

After all these operations, the white goods will stay at the loading area for about 12 hours until

the DC or CDC spare their location area for receiving these goods. The Goods our department

will update the transport information in the system, then the DC and CDC warehouse will

know the goods is waiting for coming.

The last step is loading the goods to the truck and give the consignment notes to the truck

driver. Sometimes, if the volume of goods delivered is low, some goods can also be delivery
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through the track . All of those basic process maps help us to understand the connections and

functions between each departments and also illustrate the material flow and information

flow within the terminal process. However, it still needs a method to measure the current

performance in IKEA warehouse management, in order to find out the main problem and

causes for those problem. Therefore, the following research will use Time-base process

mapping and related analysis tools to evaluate the process performance base the gathering

real data.

4.4 Time-based process mapping

In order to generate visibility of the processes, Time-based process mapping requires the

collection of two pieces of data from every steps along a process. This time data is collected

from both co-wokers discourse and participant observation for one full load truck(80 pallets)

per co-worker spending time for each processes. In fact, each inbound or outbound process

may need 3-4 co-workers to deal with.

Inbound process Elapsed time/working
mins

Activity time/working
mins

Goods in 0.00
Transit goods to
unloading area

100.00 60.00

Scanning and Register
goods

20.00 15.00

Strip the pallets 30.00 30.00
Separate different
goods

90.00 30.00

Transit goods to
different locations

150.00 120.00

Table 4.1 Performance measure of the inbound process
We choose the sub-process inbound as the scope for the time data collection.

The first step is transiting goods to unloading area, it takes average 60mins for the activity

time, however, co-workers still need to check the goods documents and prepare the gate area,

such as cleaning the dumped carton or remove other garbage near the gate, it probably

occupied average 40 mins,

The next step is the scanning and register the incoming goods in the system, there is label on

each pallets, so it wouldn’t take too much long time for the good register.

Usually it will takes 20 mins for the entire work, include spending several minutes for

handing the paper lists

The further step is stripping the pallets one by one, in order to sorting different goods.

It might takes about 30 mins for this work
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Figure 4.8 damge pallets

During seperating different goods, the actual activity time will only occupy about 30 mins,

however, co-workers often have to stop and replace the easily damaged buffer cushion under

the pallets, it wastes almost double time comparing to the actual activity time

The last step is transitting different white goods to specific storage area, although each forklift

has the internal computer, team leader still has to print the storage information on the A4

paper and handing them to co-workers.

The whole time for the inbound process demonstrate below

Figure 4.9 Time based inbound Process Map

Similar to the inbound process, outbound process could also be divided into several sub

activities and recording the actual time by using the TBPM
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Outbound process Elapsed time/ working
mins

Activity time/ working
mins

Goods out 0.00
Searching goods in IT
system

50.00 20.00

Transit goods to the
loading area

150.00 120.00

Packaging the pallets 30.00 30.00
labelling the goods 40.00 10.00
Waiting the loading
process

720.00 720.00

Loading pallets to truck 90.00 60.00
Table 4.2 Performance measure of the outbound process

Before the goods out, team leader need to search the daily information of transportation white

goods from the Information system. It will spend about 30 mins for the communication

between DC and CDC warehouse regarding to the transportation information, so the DC and

CDC warehouse could prepare the gate area for the inbound process.

The next step is transiting white goods to the outbound area, almost the same to the inbound

internal transit.

Furthermore, each pallet will go through the package machine before they load in the

outbound area.

After that, team leader will print the labels, then co-worker labelling each pallets.

Usually, the goods will stay at the outbound area for about 12hours, so the goods can be

loading in the next day morning

After handing the necessary document to the car driver and cleaning the gate area, the loading

activity will spend average 60 mins

Figure 5.0 Time Based outbound Process Map
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4.5 Identified problems

Consolidate shipment

Figure 5.1 summarized total times for each activity in the sub process Consolidate shipment.

Based on the gathering data, interviews and participant observations, we can get the above

figure 5.0

Through the Time-based process map, it visually demonstrates the potential point of problem,

therefore the current main problem could be summarized as three aspects on the below table.

Main Problems

1. Long lead-time for consolidate shipments

2. Transport damages during the transit process

3. Low efficiency in administrative work

4.5.1 Long lead-time for consolidate shipments

Through the former research(Andersson, B et. al 2012) “IKEA usually defines the lead time of

the sub process Consolidate shipment as 3 working days. The sub process is handled over a 3

working days period, but the actual average lead time is 48 hours. “ However, in warehouse 3,

the average consolidate time is 24 hours. In addition to that, based on the performance

measures of each activities for sub-process consolidate shipment, it demonstrates the main

source that contributes to the long lead time is the waiting time for the loading.

Besides, athough it has been widely used IT system in terminal warehouse management,

many operations still need the manully operation, therefore, to some extent , it also extends

the unnecessary lead time for goods consolidate.
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4.5.2 Transport damages during the frequent transit

Failure Number of occurrence total

Part missing 19 19

Scratches 6 6

Total volume 184 25

Table 4.3 check sheets

Figure 5.2 goods damage

During the one month observation, the average transport failure has been demonstrate above,

through

Based on the team manager and paticipant obeservation in the warehouse, transport damages

leads to the most waste time during the transit process within the warehouse. In fact, in most

situtions, the damage parts are not the white goods themselves, but the tiny carton bandbox at

four corners of the white goods, which used as a buffer cushion to connect the wooden pallets.

These small stuff are easily ignored by people, because it is cheap and disposable. However,

during the observation, many times, the co-worker has to stop the transit and get a new one to

replace it, otherwise the white goods are unstable on the pallet and may fall down from the

pallet at the next time transit.

Even it is very tiny part, It also influences the efficiency of the transit process and longer the

lead time.
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4.5.3 Low efficiency in administrative work

Although the IKEA’s co-workers and each departments benefit from the support of current

IT-system, it still has many manually operations existing in the process, such as physical

paper documents and handling of those to the co-workers, furthermore, the repeatedly

updating goods information and transport information by administration department and

group managers requires many labor hours which lead to low efficiency.

Because of these reasons, it is still necessary to keep innovating and integrating the current IT

system, in order to reduce the time and cost.

The further analysis and solution will be discussed in the next chaper Time-Based process

analysis

5 Analysis

5.1 Time based value analysis

5.1.1 Inbound process time-based analysis

Step Description Symbol Time Notes

1 Transit goods to

unloading area

100mins

2 Scanning and

Register goods

20mins

3 Strip the pallets 30mins

4 Separate goods 90mins

5 Transit to the

blocking area

150mins

Table 5.1 Inbound process document

Based on the the TBPM and criteria for value adding activity, those prepares before the

unloading activity are not the value adding time for the customer, because the customer won’t

care about how the prepares done for transiting their goods and it also didn’t physical change

the goods.

During the fourth step, it is clearly that repetitive changing package is non-value adding

activity and should be prevented.
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5.1.2 Goods out time-based value analysis

Step Description Symbol Time Notes

1 Plan goods out 15mins

Table 5.2 goods out process document

5.1.3 Outbound process time-based value analysis

Step Description Symbol Time Notes

1 Searching

delivery goods

50mins

2 Transit goods to

the loading area

150mins

3 Packaging goods 30mins

4 Labelling goods 40mins

5 Waiting in the

loading area

720mins 68.57%

6 Loading the

pallets to truck

60mins

Table 5.2 outbound process document

In terms of the outbound process, from the TBPM, it shows the storage time occupied nearly

68.57% time for the entire outbound process, if it could be eliminated or minimized, it will

reduce the huge amount of time and cost by offering faster logistic to the customer.

Based on this analysis, as seen from above tables, it demonstrates two main problems; the

repetitive manually work and the long time waiting for the loading activity, which are the

potential space for reducing the current lead time and cost

The further analysis will focus on the root cause by using 5 why analysis tools and (fish bone

diagram) cause – effect diagram
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5.2 Root and cause analysis

5.2.1 Further Problem identification

[

Figure 5.2 5 whys
When it comes to 5 why analysis, based on the former TBPM, it is clearly that many

unnecessary repetitive transits within DC and CDC warehouse regarding to the white goods,

which caused by the double loading and unloading white goods between Three warehouses.

Further analysis shows, due to lack of gate area, the white goods have to wait at warehouse 3

for average 12 hours, until DC and CDC have enough space and employees to hand those

coming goods.

Finally, it reveals the root cause of this issue” the entire process of dealing white goods are

divided into different warehouse, both in the material and information flow.

As seen in below figure 5.3, it is clearly that all the other factors lead to the problem long lead
time. Moreover, based on the 5 whys analysis, the entire responsibility not clear is the most

significant factor leads to the long lead time, which in turns caused the situation like lack of

gate area and more possibility of transit damages.
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5.2.2 Fishbone diagram

Figure 5.3 cause and effect diagram

As identified in above figure, three warehouses all involve in the white goods transit process,
then the responsibility of the white goods is divided into each teams within each warehouses

Furthermore, the repetitive inbound and outbound process increase the extra lead time and

possibility of goods damage during the transit activities

Last but not the least, separate responsibilities also make it more difficult to optimize the

current process, due to the sub-optimized is meaningless for solving different problems within

entire process.

Therefore, by measuring the process performance, the existing problems could be

summarized as five aspects.

Table 5.3 summary of the problems

Problems

Long lead time for consolidate goods

Transport damages

Low efficiency in the administrative work

Lack of gate area

The entire responsible is not clear
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5.3 Recommendation and solutions

From the analysis result, several problems have been revealed. In order to solve these

problems, both short-term and long-term solution should be given.

From the short-term perspective, more accurate forecasting about the coming white goods

and the utilization of gate area could be the direction for reducing the current the long lead

time in consolidating process.

Regarding to the transport damage, a possible solution is adding one inspection step before

loading and unloading white goods. Although, it may increases the cycle time of Goods in and

Goods out, it reduces the unnecessary stop and preventing the further damage during the

good store in the warehouse and transporting in the truck.

When it comes to the low efficiency in the administrative work, changing the overlap process

between three warehouses such as repetitive handing paper documents, repetitive goods in

and goods out could be a potential solution, through sharing the coming goods information

and current TBPM within each warehouses.

In addition to that, through reducing the lead time and enhancing the efficiency of

administrative work, it is obviously increasing the utilization of gate area when keeping the

same number of Gates. From this perspective, it eases the crowed situation in the gate area

during sales campaign season.

Last but not least, clearly identify the responsibilities of entire process will be a necessary way

to ensure the improvement of entire process, due to any sub-process optimization may

detrimental to other processes.

From the long term perspective, centralizing process responsibility by moving all the transit

process of white goods to warehouse 3 could be a possible solution. Because it will ensure the

warehouse team leader can keep tracing the entire process performance and preventing the

sub optimizing and double handling within one warehouse.

However, this solution will need the re-engineering of business process, the possible risk for

changing current process should be considered at the same time.

Moreover, it will be beneficial to explore the integrating of current IT-system or introducing

new ERP system such as SAP into the DC warehouse management. During the interviews,

group manager mentioned the current warehouse management system is created by two

students several-years ago, even if the system is still user-friendly and low-cost comparing to

application new ERP system, it may not fully match current situation and lack the possibility

for continuous improvement or further integrating to IKEA’s other warehouse system.
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Therefore, it is necessary to consider the plan for upgrading the IT system.

In addition to that, integrated information system is also helpful for solving the current SCM

problems and reducing the cost, Byrne and Heavey (2006) whose study that demonstrates the

improvement in supply chain costs when information sharing is increased in industrial supply

chains

5.4 The optimized future state after TBPM

Figure 5.4 Time-based process map: re-engineered
At the most ideal situation, after centralizing process responsibility, it can cut nearly half the

cycle time by removing all the non-value adding activities.

However, in fact, it is impossible to eliminate all the non-value adding time, besides not all

non-value adding time is bad, what the TBPM does is hightlight the potential areas of

opportunity for improvement. It is crutial to doubt why it is necessary and how non-value

adding can be minimised
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6 Conclusion and Future work

In the case study, through combing using VSM and TBPM in the research and proved its

effectiveness. It breaks the former prejudices for both VSM and TBPM in theory.

The method of VSM also could be accurate and dynamic though adding the TBPM in the

retailing company like IKEA. Meanwhile, the TBPM not only could be applied in isolation for

supply chain analysis, but also could be applied in the integrated process.

Moreover, in this research , it reveals the possibility to break the clear boundaries of different

mapping tools. VSM and TBPM not only be limited to the strategic level or operational level.

Both of them can fully support the decision making from the manager to the co-workers.

Finally, though following the principle of lean thinking within VSM, TBPM overcomes the

mismatch of reducing time and reduce the waste. Vice versa, by adding the metric of time,

VSM also find out how values are quantified along process segments.

In conclusion, the purpose of this study, as stated above, have answered the following

questions

1. Introduce the background of IKEA and IKEA’s DC in Torsvik, the role and the

positioning of this terminal within the IKEA entire supply chain.

In order to get the whole picture of entire research, it is crucial to determining the role and

function of IKEA’s terminal in IKEA’s entire supply chain.

Based on this logic point, this research review the previous literature related to the traditional

warehouse and cross-docking, through comparing their differences in definitions and

functions, it is not hard to revealed the role and positioning of IKEA’s terminal in Torsvik

according to its characters that demonstrated on the case background in empirical part.

2. Comparing the traditional process-based mapping tools (VSM) and Time-based process

mapping (TBPM), by both using them to analyze the current state of IKEA’s terminal.

In this paper, it chooses not only to use VSM mapping tools and TBPM in the strategic and

tactic level respectively, but also extend their range to those areas which were not used in the

previous research. It breaks the traditional prejudices about the limitations and advantages of

each tool and providing a new angle about how we explore the new method of supply chain

research.

3. Through the TBPM analysis and VSM analysis, offering the solutions for the exisitng

problem in IKEA’s DC, in order to testify the effectiveness of this method.

Although solving the real problems in IKEA’s distribution center is not the focus of this study,

it still has the necessity to use both TBPM and VSM analysis tools analyzing real data in this

case and find out the possible solutions, in order to the test the effectiveness of combing use

both analysis tools in a retailing company like IKEA. In other words, it strengths the
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trustworthiness of this research.

4. Finally, to find the gap between the practical and theoretical in TBPM and traditional

process-based mapping(VSM).

Last but not the least, the more important gap that we find though this research is not only a

specific analysis tool or mapping tool, but is a gap existing in previous researches’ mind,

which limits the extending of current knowledge.

Therefore, from the theoretical perspective, it is helpful to understand how and why the

different mapping tools could be applied in a specific industry or company. It narrows the

gap between the theory and practical, by exploring the testify the new area for the traditional

process mapping tools. From own my perspective, it also helps me out the mind limitations by

the previous research.

In terms of the future research, it is clear that many new technologies will help us to find out a

better solution in the practical work. However, it is also important to expanding the current

theory from new angle and dimension.
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Appendix B

Personal information
What is your name?
What is your position and role?
What are the main job you responsible for?
How many years have you worked at IKEA? How many years have you worked at current position?
Regarding white goods transit
What activities in the white goods transit process do you perform?
How much time does it take to perform the activities?
How does the difference between campaign goods transit and normal goods transit?
How much of your time is spent on the white goods process?
What other persons and departments do you interact with while managing the white goods process?
Problems in white goods transit
What problems do you experience personally in the white goods process?
What other problems do you see in the white goods process?
What problems do you think as most serious and solve at the first
Do you have any suggestions of improvement regarding the DDC process?
Other questions
How much would you value the current IT system in your work.
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