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Abstract

Abstract
Complexities associated with the supply chain have been increasing day by day.
Industries are in a quest to modify their work practices and techniques to win over the
competition and thereby spectacle their market presence. Hence it is a critical factor for
the industries to identify and eliminate everything that does not adds value to their
processes.
Often companies consider industry 4.0 as an un achievable goal. One approach adopted
by industries to achieve their desired future state is to build an initial foot step towards
industry 4.0. However, it is important to understand how this futuristic idea can be
incorporated into their traditional work practices. To gain an insight into this, a case
company have been selected and the various challenges faced in their tradition work
practices have been identified. Traceability was one among the major issue faced as the
company spend a lot of time tracking goods and also to bring insights into the
unnecessary motions involved due to uncertainties. For that reason, the purpose of this
thesis is to bring an awareness of industry 4.0 through the implementation of RFID
technology in logistics.
In order to identify the benefits associated with RFID implementation in logistics,
various key benefiting factors were recognized and listed. So this thesis presents how
the desired future state can be achieved through the key benefiting factors.
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“New technologies will dramatically change the nature of work across all industries and
occupations.”
― Klaus Schwab, The Fourth Industrial Revolution
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Introduction

This chapter explains the background and problem description followed by the purpose
and research questions. The scope, delimitation and outline of thesis is also described.

1.1. Background
Logistics plays a vital role in making the supply chain more efficient and effective
(Ramakrishnan Ramanathan a, 2014). The increasing globalization requires new
practices and techniques to enable industries to cope up with this severe competition.
Hence, industries are so keen on identifying and developing new technologies that can
act as a pillar supporting these. With proper integration of technology with efficient
management skills, industries can ensure a smooth and efficient flow of material and
information (Woolven, 2001). This approach by the industries to integrate technology
with management skills also marks their initial footstep towards the futuristic idea of
industry 4.0 (Ramakrishnan Ramanathan a, 2014). All these change that are being made
will have its impact on both the internal and external supply chain (Tang, 2011). That
is through the adaptation of the right quality, right cost, right time and the right place
(4R) principle in the internal supply chain and to compete with other market leaders the
external supply chain (Tang, 2011).
“Logistics is simple in construction and complex in execution from streamlining supply
chain management to ensuring customer order fulfillment, logistics is a powerful tool
for improving quality, profitability and customer satisfaction.” Robert L. Kass,
President, Choice logistics, New York
According to Jabeur et al.(2017), the logistics part of the supply chain primarily focuses
efficient planning and control of various activities, which includes the flow of goods,
service and information (Nafaa Jabeur, 2017). Efficient handling of such huge amount
of information requires a capable support system that can ensure quick response to the
growing demands. Jabeur et al. (2017) underlined the importance of a smart logistics
system and explained how such systems can overcome the difficulties faced with a
traditional system. Hence, the primary reason for implementing the various lean
principles in work practices is to provide a support for all improvement projects as it
acts as the base for improvement (Tang, 2011)
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1.2. Problem area
The rapid growth of industrialization has been forcing industries to adapt to various
strategies and techniques to make their supply chain more efficient (Woolven, 2001).
Because of this increasing competition, supply chain strategies have been continuously
accessed and modified thereby identifying the best possible way of doing. One such
aspect that industries focus now is to make the logistics more efficient and effective
thereby adapting to the concept of smart logistics. Kirch et al. (2016) pointed out smart
logistics as a crucial approach that enables better and easy handling of both goods and
information data. Through the incorporation of such smart logistics system, the easiness
of handling uncertainties and unpredictability improves (Martin Kirch, 2016).
J Cooper (1995) outlines the importance of logistics integration and how such a
properly designed logistics system can reduce the cost at the same time provide better
service and improve the customer value (Cooper, 1995). Information technology can
be considered as a key factor that helps speed up this integration process (Cooper,
1995). Kirch et al. (2016) focused his attention on flexibility, robustness, agility and
resilience as the key attributes for the future logistics system (Martin Kirch, 2016). Data
is an important aspect for any improvement proposals (Hsin-Pin Fu, 2013). One reason
that hinders any improvement proposal will be the lack of available data to support the
project (Martin Kirch, 2016). Smart logistics helps overcome this issue as it involves
continuous interaction and data exchange between various units, which can be accessed
or collected at any point of time. Radio Frequency Identification (RFID) is one such
technology that increases the transparency within logistics management (Malte
Schmidt, 2013). Various studies show the growing trend toward RFID technology
because of its transparency and simplicity in operations (Dardari, 2013).
This study provides a detailed understanding of the importance of RFID technology in
logistics and explains how RFID can be advantageous over the conventional techniques.
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1.3. Purpose and research questions
The purpose of this thesis is to study the impact of RFID technology in logistics dealing
with bulky goods. The study also focuses on constructing a future phase of warehouse
that improved the existing barcoding technology.

Research question
1: How the RFID system implementation would improve the conventional barcoding
technology in Logistics system?
The objective of this research question is to form a generalized understanding of the
effect of replacing conventional barcoding technology with an RFID technology.
2: What potential impacts RFID technology can bring to the bulky products?
This research question focuses on narrowing down the scope of study only to bulky
products.
3: How cost-efficient can RFID technology become in comparison to the barcode
technology?
The purpose of this question is to develop a cost budgeting of RFID technology and
also to picturize how the desired future state would look like.

Organisation Objective
To investigate the suitability of RFID technology over their existing work practices and
what potential benefits this could bring to the company. The investigation also includes
the design of the existing barcode labels and to consider what modifications need to be
done thereby simplifying the existing methods. The research starts by identifying the
companies that supply the RFID system which suits the case company requirements.

1.4. Scope
The case company follows the conventional barcode scanning technology for all its
operation, and much of the processes are manually carried out by the operators. Taking
into account the time and money spend for this, the company would like to invest into
new technology that can reduce the manual handling of the goods and at the same time
become more competitive. RFID is one such technology that can help the company to
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make its foot step into Industry 4.0 and thereby becoming more competitive. The
research questions are framed in such a way that; it helps the company to identify the
drawbacks of the existing technology and how implementing the new technology can
help achieve the goal.

1.5. Limitations
Conducting a study on how RFID systems could be implemented in logistics by the
given time period was a challenging factor. Therefore, time constrains played a major
role in determining the quality of the research. Hence the study mainly focused on
identifying the benefits through the RFID implementation.
Several varieties of goods are handled in a logistics with varying shape, size and price.
This study has its attention focused on heavy bulky goods in logistics where the cost of
RFID implementation can easily be negotiated in a way of security for the goods.
The companies selected for the multiple case studies have different internal operational
strategy. Hence difficulties were faced during cross comparison between them.
Since there are volume uncertainties in logistics, the study of value stream mapping was
constrained only to total processing time.
The cost estimates were calculated based on the data obtained from only one RFID
supplier. Finding the right RFID supplier was again a time-consuming process as most
of the suppliers in Sweden were provider of either hardware or software. Finding a
supplier who can provide a wholistic solution was a difficult task.
Investments needed to conduct the pilot study in Bring was difficult to get approved
from the top management. Hence the results that should be obtained from pilot study
was assumed.

1.6. Outline
The study present in this thesis is explained by five chapters. The outline of the chapter
is described below:
In Chapter 1: Introduction, the background, problem area providing the need of study,
the purpose, research questions, scope and delimitation is explained. The chapter ends
with the outline of the thesis.
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In Chapter 2: Theoretical Background, the theories associated with this thesis is
justified. Initially, the material handling is explained with the current barcode
technology, followed by explaining the RFID technology. The components, benefits,
issue, success factor and the current applications of RFID technology is elaborated.
Thereafter, the 3 three methods that is used for the study is explained. They are Business
Process Re-engineering (BPR), value stream Mapping (VSM) and Capital Budgeting.
In Chapter3: Method and Implementation, the Evaluation method and research
design is explained. Under evaluation method, the type of study, the type of data and
source of data is justified.
In Chapter 4: Findings and analysis, the results from the work is presented. This
includes case studies, key benefiting factors, problem faced at bulky section, impacts
of RFID on bulky section, current and future mapping of the warehouse and the capital
budgeting.
In Chapter 5: Discussion and conclusion, an overall understanding about the thesis is
provided. This embraces the discussion of Method and Findings, conclusion and future
area of research.
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2. Theoretical background
This chapter provide the theoretical foundation for the thesis. It starts with explaining
the internal material handling and barcoding technology. thereafter, the RFID
technology is illuminated. This involves the components, benefits, issues, success factor
and the applications of RFID. Also, the Business Process Re-engineering (BPR), value
stream Mapping (VSM) and Capital Budgeting is explained to support the
methodology.

2.1. Internal Material Handling
With the growing globalization, industries have been undergoing boundless changes
(C.K.M. Leea, 2018). In order to accommodate these changes in an effective manner,
the manufacturing industries need to be capable enough to adapt with the latest
technology and processes thereby becoming more competitive.
According to Green et al. (2010) material handling can be defined as the movement of
materials. In actual case, it not only includes the material movement, but many other
processes are also hidden in this term. Hence it is critical to have a deeper knowledge
and understanding of this term. From an industrial perspective, material handling is
considered to be a non-value adding or limited value adding process as it involves the
movement of goods from various stations (James C. Green, 2010). According to lean
thinking unnecessary movement of goods are considered a waste. Therefore, industries
are so keen on eliminating or reducing this thereby making the processes more efficient.
Having an efficient flow of material can help creating a competitive upper hand for
industries (James C. Green, 2010). The link between an efficient material handling and
various other factors like customer satisfaction, quality, deliverability and cost also
need to be kept in mind while designing the processes. But from a logistics point of
view, internal material handling is an un avoidable process that creates the most value
in the system. In such industries, material handling accounts for a major part of the
production cost. Hence companies have been focusing on developing new technologies
that can improve their material handling process. Since resources in terms of man,
machines and materials are being needed for this process, it is vital to make this process
as leas as possible thereby ensuring maximum profitability for the industry. An
improvement in the internal material handling not only helps in reducing the cost but
also ensures better quality as well as shorter operations time (Yingfeng Zhang n, 2015).
Hence the operational efficiency increases as well as decreasing the operating the cost,
which thereby makes the whole production leaner (Ili, 2010).
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As an initial approach to eliminate the waste and thereby making the processes leaner,
there is a need to identify the flow pattern and trace the movement of goods from one
station to the next (Chen C. K., 2013). A crucial factor that many of the industries lack
today is the availability of real time data in the production (Wang, 2014). Lack of such
information make the processes less flexible and difficult to modify or make changes
in the later stages. This in turn makes internal material handling more difficult and
complex. Hence, trackability of real time data and information availability plays a major
role in the efficiency with which material handling takes place (Yingfeng Zhang n,
2015).

2.2. Barcoding Technology
Barcodes have become a standard part of every goods and purchases because of its
efficient data storing capacity (White, 2007). They are applicable in various industries
like purchase, ware housing and in invoices which serve various advantages like
inventory management, purchase and accounting. Even though there has been a
tremendous growth of technology and new equipment’s being introduced in the market,
the barcodes are still being in use by many industries and firms because of its lower
operational cost and easiness of implementation (Preradovic, 2010). Barcoding is an
automatic data capturing or object identification technology that came into use since
mid-1970s which helps improve the traceability of goods (Attaran, 2007).
There are two classes of barcodes; one dimensional (1D) or linear or Two
dimensional(2D). one dimensional barcode consists of a series of vertical lines with
variable width and gaps that helps in capturing the data (Thornton, 2011). Depending
on how much data is stored in the barcode, the length of the same increases. Hence onedimensional barcodes have limited data storage capacity (Menke, 2012). Since the
barcodes are labeled one dimensional, the laser scanner scans the label horizontally.
The scanning range for the one-dimensional barcode ranges from 5 to 25 inches (Grant,
2006).
The limited data storage capacity of a one-dimensional barcode is overcome using a
Two-dimensional barcode or QR code. Unlike a linear pattern a two-dimensional QR
code uses various other patterns like dots, squares and lines to capture the data (Jonsson,
2008). A two-dimensional barcode requires a 2D scanner and has a longer scanning
range compared to the one- dimensional bar codes (Grant, 2006).
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Bar code scanning is a time-consuming process that requires identification of the
barcode labels and scanning them from a closer distance (Ilie-Zudor, 2011). It also
requires the time and energy of an operator in scanning. The time for scanning also
depends on several other factors. Ramananthan et. al (2014) identified various factors
like temperature, dirt and contaminations which can affect the effectiveness of the
scanning process.

2.3. RFID technology
2.3.1.

Components of an RFID system

According to Sumita et. al (2013) there are various components which are integrated
together through a devoted communication track. These components are implemented
into the systems. The individual components have certain functions that supports the
main RFID system. The list of components is discussed below.

Figure 1: Components of RFID system (Nainan, Romin, & Shah, 2013)
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2.3.1.1.

Tags

The tag is attached to any product which is encrypted with a unique pattern of
characters. The pattern is in numerical sequences which stores the data. This data is
stored in to the microchip in the tag. The memory can be both rewriteable and
permanent. The tags which are rewriteable can be re programmed in to the chip using
the reader several times. The tags are in varying sizes and shapes. There are three types
of tags for RFID, the tag which can initiate itself is called active while the tag that
cannot initiate by themselves is called passive tag. The tag which has the characteristics
both passive and active tags are known as semi-passive tags.
The operatability range of RFID on microwave of 2.4to 2.5 GHz, Ultra High Frequency
(UHF) within the limit of 860-1500 MHz, High frequency (HF) at 13.56 MHz and low
frequency (LF) at 125 kHz (Nainan, Romin, & Shah, 2013).
Functions

Type of tag
Passive

Semi- Passive

Active

Range

Short (>10m)

Long (>100m)

Long (>100m)

Life span

>20 years

5-10ears

>10 years

Battery

-

-

Yes

Availability

Near to reader

Near to reader

Always

Storage

128 bytes

128 Kbytes

128 Kbytes

(read/write)

(read/write)

(read/write)

Cheap

Expensive

Very Expensive

Cost

Table 1: Type of Tags (Nainan, Romin, & Shah, 2013)

2.3.1.2. Antenna
Antenna is a component used as a medium for the communication of the reader and the
tag. The antenna can also be used to active the passive and semi passive tags. The data
is transferred by discharging an impulse which holds electromagnetic characteristics.
The antenna also comes up with different designs. The different shapes are adaptive,
omni directional, gate, beam-forming, Di-pole or multi-pole and stick antennas
(Nainan, Romin, & Shah, 2013).
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2.3.1.3. Reader
It is the main component of the RFID system. The data is transferred from the tag to
the middleware for processing the raw data. The reader is capable to read the data from
the tags of varying frequencies. Initially the reader sends an impulse to the tag and
records the response from the tag. The anti-collision process in the reader is to read
multiple tags at a time. The reader can be connected to the computer via USB cable or
over a wireless connection (Nainan, Romin, & Shah, 2013).
2.3.1.4. Middleware
The middleware helps to control the flow of data from the reader and to send it
efficiently to the database management systems. It is also used to monitor number of
numbers of tags the reader had read through and extracts the needed information from
the readers (Nainan, Romin, & Shah, 2013).
2.3.1.5. Backend database
The database deals with storing the information that was read by the reader and
transferred by the middleware. This database would help to create log entries. For
instance, the middleware in a food industry would store all the data of food processed
in the database (Nainan, Romin, & Shah, 2013).

2.3.2.

Benefits of RFID

According to Mandeep et al. (2011) RFID couldn’t be able to replace the entire
conventional technology in the near future however the following benefits could be able
to bring added value.
The implementation of RFID can eliminate the human interventions for scanning the
tag. Hence, it would reduce the operating cost for labor and also would remove the
human error while scanning the tag for data collection. The reader could scan the tag
even if the tag is not in the line of sight. Thereafter, providing a flexible placement for
tags on the products. The readers capability to read the tag is more than the barcode
technology. The RFID tag has an erasable memory to read and write the data into it,
which makes it reusable. The tags can also store large data in spite of their unique
identification code. When the product needs a unique identification, it would be easier
to use the RFID rather than the barcode. The readers would read the items
independently rather than broadly. The barcodes are sensitive to dreadful conditions i.e.
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objective damages, dirt, reactions, etc. But the RFID is less sensitive to such conditions.
The reader has the ability to read many tags at a time. In some cases the RFID tags can
be linked to sensors for advancing their capabilities. Placing readers at many places
could reduce inventory and handling cost, there won’t be any manual handling
incorporated (Kaur, Sandhu, Mohan, & Sandhu, 2011).

2.3.3.

Issues of RFID

2.3.3.1.

Reliability of data

In 2005 at Wal-Mart an experiment was conducted to check the readability of the RFID,
it showed up only to 66% of RFID tags on individual products which were kept in fully
loaded pallets. When in the study conducted by the Defense agency, nearly 20 % of
the tags were read on the moving products through GTN (Global transportation
Network) while the products were passing through each checkpoint (Bolotnyy &
Robins, 2007).
The issues with RFID can be due to the following
1. Tag collision- Due to the presence of multiple RFID’s in a particular reading
range. The RFID’s could interfere each other.
2. Reader collision- Due to the presence of multiple reader in a same reading
range, there could be chance for two or more reader to read the same tag.
3. False negative – when the reader can’t read the tag.
4. False positive- when the reader reads when they not alleged to read it.
Also, when there are products such as metals and liquids, these products could interfere
in between the data transition and can affect the readability (Fescioglu-Unver, Choi,
Sheen, & Kumara, 2014). Readability of the tag is altered to the alignment of the tag
on the product (Jo, 2008).
2.3.3.2.

Security and privacy

While we use the RFID tag in toll payments, they can access the data of the travel, also
the library tag can provide data on the history of book that has been purchased from the
library. Thus privacy attack on the tag can collect the personal information (Juels,
2006). Also, the data encrypted in the tag can be altered by a third party leading to
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security attacks. In RFID, data can be encrypted without the owner’s awareness
(Langheinrich, 2009).
The RFID’s attack can be present in three layers. The physical layer is caused when the
third party tries to jam the transition of data between the tag and the reader and also by
disabling the tag and readers. Secondly, the network layer can lead to eavesdropping by
interfering the conversation. Finally, the application layer could instill malicious code
into the data (Mitrokotsa, 2010).
2.3.3.3.

Radio frequency waves interface with health care devices

When RFID system uses the radio frequency wave to communicate between the tag and
the reader, it creates an electromagnetic wave for the interference. These waves can
affect in some subtle devices like the health care devices. It has been shown from many
studies conducted to test the impact of RFID systems in health care devices. From the
studies it has been finalized the distance between the tag and reader, the operating
frequency and the type of tag i.e. active or passive can decide the quantity of interfering
(Fescioglu-Unver, Choi, Sheen, & Kumara, 2014).
Crucially, these waves can also create issues for the health of individual who is
subjected to such disturbed devices. From studies it is concluded that EMI test should
be conducted on these devices before implementing RFID systems in these
environments (Fescioglu-Unver, Choi, Sheen, & Kumara, 2014).
2.3.3.4.

Reasoning- Return on Investment

It has been seen that the implementation of RFID on different fields had brought many
advantages such as increase in performance of business, enhanced better customer
relation, better financial performance and growth for the concern. However integrating
such a system should go through different analysis to bring a concrete justification for
the implementation such as cost benefit analysis (Ferrando, 2011).
Therefore, the RFID systems have different benefits for different applications,
diligences and locations (Bose, 2009). Thereafter, analyzing the benefits for the
particular paradigm, return on investment is to be calculated with tools such as net
present value (Bottani, 2008).
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2.3.4.

Success aspect of RFID

According to Reynold (2004), there are seven different success factors that would
contribute to the implementation of RFID systems.
2.3.4.1.

RF site survey

The range for the reader to read on site differs according to the location of RFID
implementation. The RFID system cannot be mapped theoretically, without knowing
the site. Also, to reduce the short comings due to the interference and similar problems
could be reduced by analyzing the current situation of the warehouse. However,
resolving problems at the early stage can save cost during implementation (Reynolds,
Nath, & Want, 2004).
In a warehouse, there can be many equipment that radio waves for distinctive reasons.
The waves from these devices can cause the reading problem for the RFID systems.
This can also affect the installation proses too. So it Is necessary to understand the
requirements of the RFID system to be used. This can be done with the help of the site
survey; hence we can understand the execution requirements. This can also help the
stakeholders to have realistic expectation about performance of the RFID system
(Reynolds, Nath, & Want, 2004).
2.3.4.2. Installation and Tuning
Once the planning has done with the feasibility test, the Reader must be installed in
places which would allow higher level of reading proficiency. However, the readers at
different locations are tuned to different ranges to ensure performance of RFID system.
The antenna mounted on to the reader is responsible for tuning, by altering the position
of the antenna. This setting of the reader should be done in a real scenario by placing
the products with tag near to the reader to evaluate the performance. Theoretically
calculated performance would not be as valid as analyzing in a real condition
(Reynolds, Nath, & Want, 2004).
2.3.4.3. Reader synchronization
Synchronization of RFID system components is a challenging process. The system
should work flawlessly without any interference between other or the adjacent systems.
RFID systems can’t transmit and receive at the same time; thus the system should
transmit at different times. The readers should be synchronized with the adjacent
antennas, thereby improving the performance of the system by avoiding the confusion
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due to the instantaneous request that has been generated. This problem is rectified with
time-based synchronization for combined readers and by ideally installing the antennas
(Reynolds, Nath, & Want, 2004).
2.3.4.4. Cable management
There are three cables that should be connected to the RFID reader i.e. power,
communication and antenna. When designing the RFID systems, it is essential to
understand the cable requirements because in some cases the length of the antenna cable
cannot be altered from the standard length which can be violating protocols. An
experienced person should do the installation process because the readers and antenna
will be installed near to the operating devices. A cable plan should be drawn initially to
implement it, so as to safeguard the cables (Reynolds, Nath, & Want, 2004).
2.3.4.5. Tag design and placement
There is no standard tag that could be used for all applications. The tag design varies
according to the environment, material, usage, etc. There is some material that has the
challenges on fixing the tags on them. There are tags in different shapes and
specification that is available depending upon their usability. Passive tags are cheaper
than the active tags, but they can’t read it from a far distance. Choosing an appropriate
tag should be done after properly analyzing the requirements. The main reason for the
unique installation of the tag is due to the cost and functionality (Reynolds, Nath, &
Want, 2004).
2.3.4.6. Device Management
It is equally important to maintain the RFID system after implementation for proper
functioning. For the software, there is a need for periodic update and status check and
processor also need to be serviced. Though, these issues could be resolved in a small
system, it could be difficult to resolve these issues in greater and integrated systems.
The meta network will be useful to manage the devices, by maintaining and diagnosing
the issues (Reynolds, Nath, & Want, 2004).
2.3.4.7. Data management
While implementing RFID system, would account for large amount of data. Therefore
this had become a great scope for data storage firms. Current technologies are only able
to the data in billions but find difficult to handle in trillions. For instance, implementing
RFID systems in companies like Walmart would require data’s to be handled in trillions
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per day. The important factor is to analyze the needed data from the data that flows to
the database. There is also a need to analyze the data load, so to examine if the system
would be able to handle it (Reynolds, Nath, & Want, 2004).

2.3.5. Applications of RFID
Supply chain management (SCM)
RFID systems can integrate the supply chain from supplier to the final delivery
operations. In the present situation, there is a need to ensure traceability and visibility
of the products that is been moved from one place to another. RFID can be implemented
in all the levels of supply chain i.e. vendor, distribution and freight operations
(Fescioglu-Unver, Choi, Sheen, & Kumara, 2014).
Some of the major problems that SCM tries to solve is undue inventory, extensive lead
time and theft. Implementation of RFID system could provide the real time data of the
inventory; thus order could be placed according to the data, ensuring optimized
inventory. It could minimize the lead time by scanning many products simultaneously,
thus it could improve customer satisfaction by delivering the product to the customer
on time. The tags are attached to the product, pallet, container, thus the reader could
read the product once they pass through it and stores the location of the product, thus
ensuring the security of the products.

A Korean company Cheil Industry Inc. has implemented RFID system for product
management systems to analyze the information of the manufacturer, distributor,
inventory and the sales of the product in 2005. An American logistic company has
implemented the RFID system for identifying the location for international transfers.
The RFID active tag is placed to the auto terminal and the container is read by the reader
once they are placed to the vehicle. Thus, observing the total inventory in real time is
made possible. This also reduced the waiting time for the ship by avoiding the scanning
operation at the port (Fescioglu-Unver, Choi, Sheen, & Kumara, 2014). RFID systems
had also made mark in reverse supply chain, when a good is returned for
remanufacturing, recycle and discarding (Karaer, 2007).
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Food SCM
The transportation of Food items from one place to another should be done with more
attention than any other commodities because there could be chance for the food items
to get perished during the transportation. Thereby causing many diseases like
Encephalopathy, Bovine Spongiform, etc. The food should be transported in the
optimum temperature and humidity. Even a small variation in any of the factors could
decay the food (Montanari, 2008).
One solution for this problem is implementing RFID in the food supply chain. This
make the possibility for predicting the shelf life of the food and also check on the
movement of the product on real time. Thereby reducing the food wastage rate (Pang,
2012).
Supply chain of temperature-controlled food is called as cold supply chain. While
handling these products they are subjected to different temperatures that could be led
to food spoilage, thus these products are handled with watchfulness. When, integrating
the RFID with the cold supply chain, the sensors are able to check on the temperature
and humidity while transportation in real time. The data are logged into the tag
(Jedermann, 2009).
Product history management has become very important because the consumer is
conscious about the history of the product they buy, to ensure the safety of the product
they consume (Fescioglu-Unver, Choi, Sheen, & Kumara, 2014). Once the product the
history management was used for a chicken product. the data was recorded from the
chicken farm to the retailer. All the data were recorded in the tag (Chen R. S., 2008).
The RFID tag was also been used in live fish supply chain. The database was created
to store the information about the category, advent period, food and environment in
which the fish farming is done. The database can also store the mode of transportation
used for the movement of the live fish. The details could be retrieved by the customer
by scanning the fish with a reader (Hsu, 2008).
Manufacturing
RFID technology has brought many advantages in the manufacturing sector. Previously
the industrial companies used the barcode system (Huang, 2009).
Initially, the RFID technology would help us to track the assets that would gradually
reduce the lead time by decreasing the time to locate the assets. This would help us to
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track the position of the tools and save cost. To get these locations, the RFID could be
integrated with the global position system (GPS) and are also able to generate the
message to notify the position (Meng, 2010). The RFID systems could be used to
monitor the inventory level in real-time. By using the tag on the containers, pallets or
boxes and installing the reader at work area, we could monitor the WIP on Realtime.
This could increase the agility by reducing the cost by controlling the inventory (Huang,
2009).
Transparency in manufacturing is increased with the help of RFID systems that could
lead to lean manufacturing. For instance, the RFID systems was used in an automotive
manufacturing company. The RFID tag was given to the main component which is the
engine block. Other individual components were linked to the main component such as
the piston, piston ring, crank shaft etc. When each individual component is integrated
to the engine block the tag has been updated simultaneously. Thus, when the customer
places an order, the sequence for the particular order is generated on the tag. And
follows the command accordingly (Huang, 2009).

2.4. Business Process Re-engineering (BPR)
In 1990s during the time of recession the companies were forced to reduce their work
force and come up with new strategy for sustaining. Thus, the Business Process Reengineering has materialized to existence to alter their current process. This approach
would help the organization to improve their efficiency and effectiveness (Harbour,
1994).
BPR is Process oriented approach because each process could be taken into
consideration and changes could be brought step by step (M.R. Khabbazi, 2013). The
main factor is to select the process that need to be changed, hence high amount of
attention is required while selecting the process. the BPR approach that has been
adopted can used by other divisions of the industry (Harbour, 1994).
The business process reengineering has seven standard steps for analyzing form the
existing process to the updated process. Harbour’s method is been used for the BPR
approach since it has been widely used by many institutions now-a-days. This has been
used because of its easiness and the precise systematic method of conducting the
process (Harbour, 1994).
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The seven steps are described below (Harbour, 1994):

outline the process

observe the steps in
sequence
process data
collection

analyze the data

marking the
improvement regions
acquire
improvements
Implement and
control the change
Figure 2: Seven steps of BPR (Harbour, 1994)
1. Outline the process- Before starting this method for reengineering, it is very
important to analyze the initial and final process and suitable metric is selected.
Thus, a clear picture of process could be understood beforehand.
2. Observe the steps in sequence- Once we created a mapping for the process
boundaries. It is essential to understand the process steps. Thus, it would guide
in collecting information for most relevant steps.
3. Process Data Collection- After observing the steps, the process, data must be
collected data that should sustain the observations. Therefore, quantitative data
is required.
4. Analyze the data- After collecting the data, it should be arranged and
categorized, thus is made easy for evaluating the relevant data.
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5. Marking the improvement regions- In order to effectively reach the solution,
it is necessary to understand the major region for improvement. Henceforth,
every improvement is defined. Proper care has to be taken at this step. Thus, the
improvement areas should be selected on the basis of goal to be achieved.
6. Acquire Improvement- The improvement idea should be cultivated, thus
reducing the errors.
7. Implement and control the change- After brainstorming the ideas the
improvements are executed and maintained.

2.5. Value stream mapping (VSM)
Value stream is a lean tool that is used to create a map of material and information flow
thereby identifying the value added and non-value added activities in the process
(Tabanli & Ertay, 2013). Schmidtke et al. (2014) considered the straight forwardness
of VSM as the primary reason for its success. VSM not just focuses on improvement
suggestions but also helps in achieving the desired future state (Schmidtke, Heiser, &
Hinrichsen, 2014). VSM involves tracing all the processes on a product or product
family from the raw material stage until it reaches the customer (Tabanli & Ertay,
2013). All the activities in VSM are categorised into two: Value adding (VA) and nonvalue adding (NVA), hence the result of value stream mapping would be to create a
value flow of a product in the company (Rohac & Januska, 2015). Rohac et al. (2015)
explained value stream mapping as an “analytical method which purpose is to identify
bottlenecks and potentials for improvement at all levels of the processes.”

Based on the information obtained from value stream mapping, a stream line of work
can be visualized and it can be re-evaluated so as to reduce the lead times and operating
costs (Tabanli & Ertay, 2013). Hence the various benefits that can be achieved using
VSM includes:
•

Inexpensive and easy tool

•

A lean tool that helps in identifying and eliminating the wastes in the processes

•

Developing a holistic perspective of all the activities

•

Both material and information flow can be traced
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According to Lasa et al. (2008), there are five stages involved in VSM these includes,
(Lasa IS, 2008)

selection of
product family
current state
mapping
future state
mapping
definition of the
working plan
putting into
practice
Figure 3: Steps for value stream mapping (Lasa IS, 2008)
Selection of a product family should be done in such a way that the mapping remains
simple and easy to be completed in a shorter time period. Hence schmidtke et al. (2014)
pointed out the importance of selecting a product or product family having some
similarity or same route while mapping process. In the current state mapping, the
present flow condition is analysed and mapped. The main objective of current state
mapping is to make into attention how thing actually happen in the shop floor and bring
this into lime light (Rahani AR, 2012). Based on the data obtained from the current
state mapping a future state map is developed, which focuses on making the whole
process flow leaner by identifying the root cause for problems and eliminating the nonvalue adding activities (Rahani AR, 2012). A detailed outline of the steps needed to
achieve the future state is described in the working plan or the implementation plan. If
the implementation plan appears to be helpful for continuous improvement, then the
final step would be to put this into practice.
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2.6. Capital Budgeting
Managing the capital of the company is equally important as leading the company to
its vision. Capital budgeting take into consideration of all process that is associated with
capital expenses i.e. calculation, evaluation and follow up. Thus, this tool is used by the
financial officials to understand the opportunities of implementing a new project. It’s
the role of the financial manager to understand the necessary technique that should be
used to increase the output of the organization (Hasan, 2012).
While analyzing the capital budgeting these factors should be kept in mind (Hasan,
2012):
1. The future cash flow created from the new project.
2. The value of the capital created with considering the uncertainty.
3. The rate of uncertainty allied with the proposed future cash flow.
The following tools of capital budgeting are used to understand the benefit of
implementing RFID in the warehouse.
2.6.1.

Net present value (NPV)

The net present value is the sum of cash inflow and out flow. The cash inflow is the
benefit the organization earn by implementing the project, while the cash out flow is
the total investment the company is put forward for the new project. This method is
useful to understand if the project would return profit or not. If the value is positive, it
shows that the investment would benefit the organization else if it is negative, the
investment would bring loss to the organization (Berk J, 2015).
However, based on the investment profitability assessment method, cashflow at present
would be more valuable than the cashflow in the near future because the present cash
could be invested and could start earning in the early stage while the future cash flow
could not bring return (Berk J, 2015).
The time- discrete equation of Net present value is written below:
"

#
NPV= ∑)*+, (%&')
#

𝑅* = Net Cash Inflow – Net Cash Outflow
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t = Number of time periods
i = Discount rate / return earned from another investment
2.6.2.

Payback Period

It is most simple and most common tool used to find the duration for acquire net cash
inflow that would recoup the initial investment. Payback period is mostly denoted in
years. Mostly the project should be approved with the least payback period. The longest
payback would take more time for return, which would stress the development of
project (Stamalevi, 2015).
This method cannot measure the overall worth of the project, because the cash flow is
estimated till the break-even of the investment. The payback period would be highly
effective, if the project is creating higher amount of cash flow in a short time period to
recover the investment. In electing conjointly exclusive projects, the one with shorter
payback period is preferred with less than three years. (Stamalevi, 2015).
The payback method could be represented as:

./0123 1/567086/0

Payback period= 9//:23 ;27< ./=3>?
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3. Method and implementation
In this chapter, various approaches adopted to answer the research questions
are explained. It gives the reader an understanding of the type of study, type of
data and the source of data.
To have a better quality on the study and to get a better result which is more reliable, it
is important to adopt an optimal research methodology for the study. The quality of this
study is ensured by using the following method.

3.1. Evaluation method
3.1.1.

Type of study

There are three types of studies conducted depending upon the research questions. The
types of studies are listed below.
RQ1: This question needs to be answered to get a better understanding on the context.
Thus, a Multiple Case study is conducted. Case study is conducted in three different
companies so as to get a result which could be generalized.
A case study research is suitable under those occasions where there is only limited
knowledge about a particular phenomenon (Williamson, 2002). Multiple case study
research allows two or more situations to be analyzed and compared, thereby giving
more robust results (Yin, 1994).
RQ2: To analyze the current situation in the warehouse and bring out the potential
impacts, Business Process reengineering (BPR) approach is conducted. This
approach would bring out the issues associated with each step in the process. Thus, it
could be easy to analyze the impacts (Harbour, 1994). In this picture, each step in the
warehouse will be studied, with their potential problems and how would these problems
could be rectified with the new technology.
RQ3: Cost of implementing new project is analyzed by conducting Capital budgeting.
This study would provide an estimation of cash inflow after implementing new project
and the payback period of the initial investment. These tools are used to understand the
financial possibilities in implementing a new project (Hasan, 2012). In this study, the
financial benefit of implementing the project is determined.
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3.1.2.

Type of data

Two types of data are collected in this study, quantitative and qualitative data. For RQ1
and RQ2 mostly qualitative data is collected while to answer the RQ3 quantitative data
is gathered. However, the study would be focusing mostly on Qualitative data. But to
provide more quality to the study the quantitative data is collected to analyze the capital
of investment (Williamson, 2002).
3.1.3.

Source of data

There are two types of data i.e. the Primary data and Secondary data (Williamson,
2002). The primary data that is collected in this study are interview, questionnaires and
observation. The secondary data collected is the literature review that provided a
foundation for the primary data.
Interview

Primary Data

Source of Data

Questionnnaires

Observation

Secondary Data

Literature Review

Figure 4: Source of data (Williamson, 2002)

1. Interview
This data collecting technique is mostly used for collecting qualitative data. The
purpose of data collection would be maintained in interview while comparing with other
techniques. There are three kinds of interviews – Structured, Unstructured and semi
structured (Williamson, 2002). In this thesis, semi structured interview is used. All the
interview tape was recorded with the permission from the respondent. The semi
structured interview is conducted to get in depth knowledge about the field of study and
to acquire more data (Williamson, 2002).
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2. Questionnaires
The most common type of data collection technique is Questionnaire. This technique
is mostly used for finding the potential impacts. It is mainly used to collect quantitative
data, however with open ended data it could be used to collect the qualitative data.
Different types of questions are Factual questions, opinion questions, closed questions
and open questions (Williamson, 2002).
However in this study, open ended questions are developed, so that rich data is taken
from the operators and the solutions are not restricted to only some options. The
operators are uninhibited to come up with any problems that they face (Williamson,
2002). Also, the purpose is to collect qualitative data which could be possible through
open ended questions (Williamson, 2002).
3. Observations
The most flexible technique of research is participant observations. There is no
particular way of doing data collection for this technique (Williamson, 2002).
Participant observation is explained in 4 ways. They are Complete observer, observer
as participant, participant as observer and full participant (Glesne, 1992).
Conversely, Observer as participant type of observation is used in this study, due to the
less interaction with the operators (Glesne, 1992). Observation was done to analyze the
process in the Bulky section and the work practice of Operator at the section. There was
less interaction between the operators. Some questions were queried to understand the
procedure what they were performing

.
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3.2. Research design
A standardized method is adopted to do this thesis. The thesis would be done in 4
homogeneous steps.

Project
planning

•aim and
objective
•Research
question
•steps plotted in
Gantt chart

Theoratical
background

•Database:
Scopus,
ProQuest,
ResearchGate,
Science Direct
•Space of time

•RQ1
•Data collection
•Interview
•Method
•Case study
•RQ2
•Data collection
•Interview
•Questionnaire
•Interview
•Method
•BPR approach
•RQ3
•Data collection
•Interview
•Method
•Capital
Budgeting(NPV
and PBP)

Situational
analysis

Documentation

•The results are
Documented
•Structured
Report

Figure 5: Research design
3.2.1.

Project planning phase

The initial requirement of the project is analyzed. The aims and objectives of the report
is set down at this stage. The aims and objective are set after having a pre study on the
current technological advancement of RFID technology. Also, analyzed the current
situation of Logistics companies and the new innovation that is brought for their
existence in the market.
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Thereafter, three questions are set down. These questions are set down as they cover all
the factor concerned with implementing RFID in a logistics warehouse dealing with
bulky goods. Thereafter, each process of thesis, is listed and a Gantt chart is plotted
allotting time for each step. Also a risk assessment is done before moving to the next
phase.
3.2.2.

Theoretical framework.

To get a concrete foundation on the study, a theoretical review is done. The article for
the study were selected through the database Scopus, ProQuest, ResearchGate and
Science Direct.
The articles were selected according to the Space of time, most of the article were the
latest articles and some article which provide the fundamentals were older articles
which had better arguments that were relevant for the study. Most the article were
peered reviewed journal that provided better validity (Williamson, 2002).
3.2.3.

Situational analysis

RQ1

To signify the improvement brought by RFID technology over the barcode technology
in a logistics, it is essential to understand the traceability factor in different logistics,
thus multiple case study is conducted in three logistics company thus to get an external
validity for the study.
Initially an interview is conducted with the production manager at bring logistics who
is responsible for the bulky goods. Thereafter, an interview is conducted with the Team
leader at Danx AB at Torsvik. Danx AB is currently having Barcode technology for
traceability, thus the interview is conducted to get the data on the problems they face
with the current barcode technology and what are the reasons for not adopting the RFID
technology. finally, an interview is conducted with the production manager at JYSK
Jonkoping. JYSK was currently operating on RFID technology for traceability. This,
data would provide a better understanding on the advantages of RFID technology over
barcode technology through analyzing the reasons for their change.
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After collecting the data, it is analyzed by comparing the three cases. Thus, the results
are compared with each other, such that the disadvantages of the companies with
Barcode is resolved with the advantages of JYSK. As a result, important facets of RFID
technology are laid down.
RQ2

Potential impacts of RFID technology for tracing bulky products could be found by
conducting the BPR approach. Initially, all the process that is linked with the bulky
section from the inbound to outbound are analyzed.
To understand the potential impact at the Bulky sections, a set of open ended
questionnaires was presented to 7 operators at the bulky section. the questionnaires
highlighted the issues the operators faced in this section; particular issues faced while
scanning and sorting the goods.
Also, the data collection for the Value stream mapping is composed by conducting an
interview with the team coordinator and observation. The observation of the operator
would give us the actual time taken to do each step by the particular operator. Hence,
Value stream mapping of the current situation is noted down with value added and nonvalue added time
After the data collection, the data will be analyzed. The time for scanning and sorting
is made evident and the future value stream is sketched with eliminating the scanning
and sorting step and the new processing time is calculated. Also, the data from the
questionnaire highlighted the major problems caused by the barcode at the Bulky
section. Thus, analyses would provide the impacts RFID technology could bring to
these problems. Thus the improvement ideas were cultivated to reduce the errors.
RQ3

The Net present value and payback period for implementing the project is computed by
collecting the data from the interview from the RFID supplier.
To calculate the cost, a semi structured interview will be conducted with the RFID
supplier. Thus, cost of investment, running cost and running revue would be calculated.
The cost of investment would include the cost of the hardware that would include tag,
readers and server and the cost of system includes the cost of integrating a new system.
The running cost include the cost for replacement and maintenance of the system.
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Through net present value, the cash inflow is calculated by substituting the values for
cash outflow, discount rate and the time period. The cash inflow could be the net benefit
the company would get after implementing the project. The payback period is
calculated by computing the initial investment and the annual cash flow.
3.2.4.

Documentation

After the situational analysis, the work has been documented in a well-structured
manner, which make the reader to understand easily. The findings and analysis are
structured according to the Research questions. The report is made more interesting
with flowchart and tables that made it more understandable.
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4. Findings and analysis
This chapter presents the data that were obtained through various data collection
techniques and how these data were interpreted to achieve the result. These includes
case studies, key benefiting factors, problems faced at bulky section, impacts of RFID
on bulky section, current and future state mapping of the warehouse and the capital
budgeting.

4.1. Case Studies
The aim of this chapter is to describe three case studies conducted in Bring Logistics
AB Jönköping, DANX AB Jönköping and JYSK, to gain knowledge and insight into
how RFID implementation would benefit them. The case companies were selected in
such a way that allows the reader to have a cross case comparison between similar
industries having three different operating strategies and principles.
4.1.1.

Danx AB

DANX is a leading specialist in spare parts logistics which offers goods to the customer
within a short delivery time of 12 hours. The company mainly focuses on business to
business activities rather than business to customer. The main suppliers include
automobile parts and electronics goods. Approximately 2000-3000 goods are received
every shift for sorting. The operational procedure for DANX in the bulky area starts by
unloading the mixed goods from various Nordic and Baltic regions in the inbound gates
and sorting them according to the destinations. The whole sorting process is manual
and then the goods are scanned using a hand held scanning device. The scanning of the
heavy goods is more time consuming as compared to the light goods as it requires the
operator to continuously step out of the fork lift to scan each item. A special software
is used to identify the destination of the scanned goods. These sorted goods are then
driven to the respective outbound gated to be ready to be loaded into the trucks.
Traceability of the goods in DANX mainly depends on the operational strategy of the
customer. According to the team leader, the quality of this process varies on how the
customer performs this operation. For example, some customer will have a departure
scan which marks the departure of the goods from their terminal and also at the same
time informing the next hub about the arrival of goods from the customer. The team
leader emphasized the importance of this process as” it enables the planning process
much easier and also to keep a track of the activities.” Fatigue, ignorance or poor
knowledge of the operators about the impact of traceability of goods through scanning
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is also highlighted as a drawback in the manual barcode scanning process. Ergonomics
of handling the scanner and the errors that may occur during the handling will also be
reason for ignorance or unscanned goods.
Different customers have different waybill and barcode label designs which make the
scanning process difficult as the operators have trouble scanning some labels or to
detect the barcode because of their poor quality of label. Such non standardized design
layout for the waybills and barcodes also makes the process complex as it can create
chances of uncertainties in the process. “Bringing up a change in this stage is not an
easy task.” Since DANX focuses its activities from business to business, any small
change will also have its impact on other suppliers as it requires changes in their system.
“Hence there is a need to convince everyone the potential impact that can be achieved
through the change.”
There will be several problems in an organization but change management process
occurs only when the problems are identified and the need for change is recognized.
Management support plays a crucial role in this process. The resistance to change and
the ability to take in new ideas were identified as the major aspect that obstructs the
change process in DANX according to the team leader.
The authority of scanning can be recognized due to the individual login credentials in
the conventional barcode technology, this make a possible way to identify possible
errors during the process and can be corrected in the later stages.
4.1.2.

Bring Express

Bring logistics have its biggest ware house in Jönköping. The company is very much
keen and interested in identifying new technology and practices that can ease the
existing work methods. As a result, the company had thought of its initial foot step
towards industry 4.0 by implementing RFID technology to replace the conventional bar
code technology to have better transparency in their operations. In 2018 BRING
conducted the first project for RFID suitability in the company. The results obtained
from this Master Project also add a step closer to the company future goals.
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According to the manager, there is a lot of interesting positive ways to use RFID to
reduce processes at the same time to have a controlled scanning process. The manager
says, “when the goods are arriving to us, we don’t actually need to do anything with it
except to drive it through a scanning belt or arc”. In HD section, it is not just the price
of the goods that can compensate the implementation cost, but it can also be
compensated in a way of security. “if we can prove that the goods are arrived or that it
had been departed from the hub, we don’t need to put that much money for claims”. So,
this is a way to match the price of buying the products and the scanners.
Why RFID technology?
Right now, the technology is only for those who are fortune enough to have the money
to invest and buy such RFID companies. So many industries don’t have the muscles to
invest in RFID technology or to get the best out of this. So, it is this factor that acts as
the main resistance that pulls BRING from implementing the technology. “We don’t
face any problem with the conventional barcode technology, but the problem is that we
cannot develop it further or to expand it thereby reducing the processes”. Developing
the conventional barcode technology to suit the existing market requirements will
require sophisticated technology and complex processes which take a lot of space and
money.
The ability of the customer to be able to adapt to the changing requirements from the
parent company also limits the scope of usage of Barcode technology. “The changes, it
takes time and it costs most of the time and we need our customer to have the same
ability to make the change so we can read and get the right information”. The possibility
of human error or failure to actually miss a pallet or an item is more in barcode scanning
and it is completely eliminated by the use of RFID technology. “With RFID, when you
have a system who automatically get or receive the information hopefully, we don’t
miss any information.” Also, the quality of the label material has a crucial role in
determining the easiness of the barcode scanning process. The use of a cheaper labels
or a label printer will also have several problems as it may torn off easily, information
may get erased or get stuck with other materials.
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The customer information was not exposed in the recorded interview. But information
was given about the customer characteristics which include customer who send
furniture, electronics and other heavy household goods. The RFID implementation
would be most valuable for BRING when it comes to customers who have high value
goods. Because implementation of such a system will enable the company to have a
track of all the goods and volumes thus ensuring who receive it, where or which
distribution points have been handling the good etc. with this technology it helps to see
the whole transportation chain from the customer to distribution points.
Implementation of the RFID technology will not only add costs to the parent company,
but the supplier companies will also have to bear the expenses. Hence, they often tend
to ignore or shows resistance towards the implementation. Hence, BRING have to come
up with certain benefits for the customer. For example: “If you are investing in RFID
labels, we will take down the price for 2kr per package thereby adding benefits to both
the supplier and to the company.”
4.1.3.

JYSK AB

JYSK is an international retail brand that provides everything needed for your home.
The first store was built in 1979 and expanded to about 2500 stores across the world
employing 23,000 people globally. The annual turnover for the company is 4 billion
euros. JYSK follows the principle of everyday low price and aims at providing more
than what the customer wants. The company considers supply chain management the
greatest factor towards corporate social responsibility (CSR) as the company operates
in many risk-countries where the working conditions are considered to be poor. Hence
ensuring a decent and safe working conditions have always been a prioritizing factor
for JYSK. JYSK have always been keen on identifying new technology and practices
that could improve their performance at the same time offering an ergonomically work
environment.
JYSK have three supply chain strategy to reach to the end customers. These include,
small parcel delivery through Postnord at their pick up points, home delivery through a
third-party logistics and pick up in store facility. This segregation has not affected their
sales in any of the stores, but it remained untouched and at the same time doubled up
the online sales. Because of these high-volume handling of the goods in the warehouse,
the internal flow is highly complex and there is a need to improve the processes to save
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time and skip unnecessary activities. One such approach adopted by the company to
improve their processes is through a new approach called `pick and sort´, the basic idea
of which is to have a pull system thereby practicing lean methods. “Customers believe
that as soon as an order is made someone will ring their door and deliver the product
the next day” this is the biggest challenge now. Hence it is important to have a short
time for the pick-up and delivery process.
This internal and external demands had a huge impact on identifying and developing
new practices in JYSK. Once such approach taken was the RFID implementation
project in 2015 followed by the pilot test. The result of this project was a fully functional
RFID system that made the whole production more efficient and leaner. The importance
of conducting a pilot study was greatly understood from the interview with the
operations manager at JYSK. A properly done pilot study will help gather sufficient
data needed for the project to be successful without much uncertainties being faced
during the implementation phase. Hence conducting live tests over laboratory tests are
extremely important.
Implementing an RFID system also require a complex support system that acts as a
backup solution. For example, if we are moving items from pallet A to pallet B and
when pallet A is physically empty it also need to be emptied in the system, else it will
create problems while closing the order. Hence the need for a properly designed error
system is vital. RFID antennas and receivers should be selected and designed in such a
way that the frequency should be strong enough to detect the correct tag, at the same
time it should not be so strong that it will detect other pallets nearby. Also, system
should be designed in such a way that it should be able to handle the reverse flow of
goods. Else human error can be a reason to mess up the things i.e. if the driver who
loads the pallet decides to change his mind and take back the pallet, the system should
be able to read this and register this movement back to the distribution center thereby
marking is as returned.
All these factors explained above does not points out the disadvantages of RFID, but it
shows the importance of conducting a pilot test before the implementation. According
to the manager, RFID implementation plays a major role in how the company performs
now. Keeping a track of all the good helps the company to eliminate the work in
progress and reduce the time taken for the manual scanning which was done before.
RFID implementation in JYSK enabled them to keep a real-time tracking of all the
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goods and thereby ensuring a proper inventory management system. “Now we don’t
have to search for any article” the manager said.
A major misconception about automation is that it will take away humans from the
operation. But in JYSK, instead of laying off employees after automation the operators
were now sent to other areas where they have more expertise or to help them to gain
more knowledge.
“The good thing with automation is that it is cost efficient, but when you reach the limit
you reached the limit, it doesn’t matter if we put in 100 extra operators, but we need
more working hours”.

4.2. Key benefiting factors for RFID
By cross comparing the three case companies DANX, BRING & JYSK, the various
challenges faced through conventional barcoding technology could be identified. The
study at JYSK pointed out how these problems could be overcome through the
implementation of the RFID technology. The results obtained from all the three cases
can thus be used to form a suggestion to assist companies in achieving the desired future
state.
The following were the key benefiting factors identified through the RFID
implementation:
4.2.1.

Real time tracking of the goods

Data obtained from DANX & BRING points out the difficulty faced because of the
poor supply chain visibility. This makes their supply chain more complex and tends to
increase the uncertainties throughout the process. JYSK whereas have a more flexible
supply chain which make their processes less complex and free from hidden
uncertainties. Real time information available through RFID in JYSK make the
planning phase much simpler compared to BRING & DANX. It also made inventory
management much simpler and ensures timely replenishment of goods through their
stores. Claims and declarations associated with lost goods were another challenge faced
in companies following barcoding technology. By keeping a real-time track of all the
inbound and outbound goods in an RFID implemented company, the time spend for
claims and declarations could be reduced considerably.
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4.2.2.

Reduces the time and need of an operator for the scanning

Companies that follows the conventional barcoding technology requires one or two
operators continuously engaged in the scanning process. This operation requires an
operator carrying a barcode scanner, manually scanning each item or article. Line of
site is an important factor while scanning and hence chances of human error always
tend to dominate which was clearly understood during the interview. Manual scanning
was completely eliminated in JYSK which follows the RFID technology.
4.2.3.

Ensure scanning all the goods

As mentioned in the above paragraph, human error always comes to play when goods
are scanned manually. Fatigue, tiredness, ignorance or physical damage to the barcodes
were the possible reasons identified. Since manual handling of the goods for scanning
were completely eliminated by the adoption of the new RFID technology in JYSK it
ensures that all goods are scanned and recorded.
4.2.4.

Reduce over handling

By analyzing the case study in DANX & BRING it was clearly understood that manual
handling of the goods was the most tiring and time-consuming process. This not only
include time taken to sort but also to re arrange the goods to identify the barcode label
so as to scan them in the line of site. Evidences from JYSK indicates that the goods
need not need to be re arranged for the scanning process at the same time reduces the
manual handling of good for sorting as the new system enables searching and
identifying process much easier.
4.2.5.

Reduces the physical damage to the goods

Implementation of RFID technology will have a major impact in reducing the manual
handling of the goods which was identified as the primary reason for goods being
damaged. While comparing the damaged reported in DANX where all goods are
handled manually, the damage rate in JYSK was much lesser.
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4.2.6.

Reduce the load to the operator

Ergonomics during work have gained huge impact during the recent times (Janet
Torma-Krajewski, 2010). During the previous years, performance were measured in
terms of profit margins and market share and in the recent years ergonomic factors have
also been a major influencing factor that determines performance (Janet TormaKrajewski, 2010).
The study conducted in BRING have shown many potential evidences to prove that
operators were working in a non-ergonomic fashion. This was mainly because of the
manual handling of the goods for sorting and scanning. Abnormal bending, twisting
and lifting have become a part of their everyday work practice. Whereas such
unnecessary movements were completely eliminated in JYSK through the aid of the
RFID technology.
4.2.7.

Reduce work in progress

By analyzing JYSK it was clear that there was a smooth flow of goods from the supplier
to the final customer. This was because of all the above-mentioned factors like
improved traceability, better detection of the goods and less time requirement at various
stages. Also, it was relevant that stack of goods were only seen at the outbound, which
were waiting for delivery.
4.2.8.

Improve customer satisfaction

Few damages and ensuring a faster delivery will automatically improves the customer
satisfaction. Better traceability also adds value to the whole supply chain. This was
clearly visible in the increased sales figure for JYSK in the recent years.

4.3. Problems faced at Bulky section
Questionnaires have been distributed among the operators within the experience
ranging from 5 months to 2 years. Based on the observed data, common problems have
been identified and listed below in the ascending order from P1 to P2 by weightage of
replies from operators.
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P1. Layout and space utilization
Many operators reported that the production space get congested as the volume
increases which affects the ergonomics of the work. This problem mainly happens when
parallel production takes place in the furniture sorting area as well as the electronic
white goods. The uncertainty in the goods size and shape also affected the layout
planning.

P2. Inbound uncertainty
The uncertainties associated with the truck arrival and departure is the biggest identified
waste. Based on the observation of the inbound- out bound traffic report, it was clearly
visible that the goods actual arrival time deviate largely from the planned arrival
schedules. Since HD being one of the biggest customers such deviations in the arrival
time will have huge impacts in the planned departure time as well. This also make the
man power planning a difficult process. An operator stated, uncertainty of truck or the
arrival delay can cause the work exhausting. The reason identified for this was that it
shortens the gap between the subsequent arrivals.

P3. Arrangement/ Stacking of goods
Apart from the white electronic goods, majority of the other furniture and household
goods in the HD production are of irregularly shaped and due to this irregular shape,
stacking or building up the goods on to the pallet were identified to be a cumbersome
task for the operators. Observation on the out bound loading operations also gave proof
for the difficulty faced while loading such irregular shaped pallets. The number of
damages reported were also increasing with such arrangement practices.
The goods also need to be rearranged to make the wrapping process easy as well as to
mark the heavy goods at the bottom thereby preventing damages to the less heavy
goods.
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P4. Traceability of goods
Traceability of the goods is the major challenge the company is facing. Information
obtained from the questionnaire proves that, there has been lack of several data which
makes the processes complex. One such difficulty is the lack of availability of the
scanned packages. An operator stated that there is a need for a precise count for the
goods from each truck as well as the total number of goods that are being produced in
the shift, to be presented in the final report at the end of every production. Operators
have also stated that the conventional barcode scanning is a time-consuming process
and it requires the need of an operator always being engaged in the scanning process.
The scanning process can be interrupted through various means like torn out barcode
labels, folded or hidden labels, label not available at the line of sight etc. Through
observation it was identified that, majority of the goods have their labels not facing the
open end, this makes the scanning process more difficult as the operator need to turn
out the goods until the labels are identified. Several other goods were also identified
mixed with the Bulky products which were recognised only once the wrapping is cut
out and scanned. Damage reporting the goods have also been identified as a timeconsuming process with the conventional scanner and tend to ignore for the operator
convenience.
Another issue with traceability of the goods is that with the barcode scanning process
could only provide the hub arrival or departure information whereas the real-time
information is still hidden in many cases.

43

Findings and analysis

P5. Sorting of Goods.
Sorting of goods from unloading area is the most rated problem from the operators. The
employees find it very laborious job to move the product and keep it one above the
other. Through this process, the operators find it very non ergonomic to pick and place
the product over one other. Operators at the end of shift, would be worn-out and keeps
a unconstructive attitude to work at that section. From the interview, it was founded
that no employees were interested to work in this section. Also, there were reporting of
damages of product due to improper handling. When placing a product over the other,
the operator would place at its edge causing damages under the product. Also, While
the operator drags the product over the floor, it would damage the lower surface of the
product. Sometimes tall products may also have chance to fall from the pallet causing
damage to the product. There was also situation when heavier product is kept above the
lighter product, the frothier product placed underneath get damaged due to the heavy
weight of the product placed above. This process is also the most time-consuming
process. Thus, this process needs more house of improvements.

4.4. Impacts of RFID on Bulky Section
This section would explain how RFID technology could bring solutions for the major
problems caused in the HD division. The solutions are brought up by analyzing the
problems with the Key benefiting factors. Thus, explanations for each problem is listed
below:

Solutions

Key benefiting factor

S1: Layout and space utilization

Reduce load to the operators
Reduces over handling of goods
Reduced work in progress (WIP)

S2: Inbound uncertainty

Reduces load to the operators
Reduces work in progress (WIP)
Improve customer satisfaction

S3: Arrangement/ stacking of goods

Reduce load to the operators
Reduces over handling of goods
Reduced work in progress (WIP)
Improve customer satisfaction
Reduces the damages to the goods
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S4: Traceability of goods

Reduce load to the operators
Reduces over handling of goods
Reduced work in progress (WIP)
Ensure scanning of all goods
Real time tracking of goods
Improve customer satisfaction
Reduces the damages to the goods
Reduces the time and need of operator for
scanning

S5: Sorting of goods

Reduce load to the operators
Reduces over handling of goods
Reduced work in progress (WIP)
Improve customer satisfaction
Reduces the damages to the goods
Real time tracking of goods
Reduces the damages to the goods

Table 2: Contribution of Key Benefiting factors to the Solutions

S1: Layout and Space Utilization
With the implementation of RFID technology, it would reduce the over handling of
goods to find the barcode label on the product. Thus, load on the operator at the station
to scan the product would be reduced. Thereby, reduces the work in progress by
reducing the congestion of goods at the station, and help to move the products at a faster
pace.

S2: Inbound uncertainty
The uncertainty of inbound truck could also be managed with the RFID Technology to
some extent. The load on the operator could be reduced by eliminating the scanning
process, which would gradually, reduce the work in progress compared to the present
situation. Thereby, all these factors could improve the customer satisfaction, while
avoiding the dialogues between the customer and the company due to the delay of
delivery.
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S3: Arrangement/ Stacking of goods
While stacking the goods, products should be arranged such that the label should be
visible, but this factor would be reduced by the implementation of RFID technology,
since the product could be scanned even if the products are not properly arranged. This
can also reduce the damages to the product caused by the operator while handling, since
the product has to be picked and placed above one another on the pallet. Thereby,
reduces the load to the operator for handling the goods. Thus having lesser processing
time that could reduce the work in progress. Finally, the customer satisfaction would
be improved for delivering the products on time.

S4: Traceability of goods
The traceability is the most impacted with the implementation of RFID technology.
when the scanning operation is eliminated, it would reduce the need of an operator for
scanning the product. the time taken for this process could also be reduced. This could
also reduce the load on the operators since they could concentrate on sorting and there
won’t be any need for the operator to come in between for scanning the product. that
could also reduce the ambiguity in the work done by the operator. Also, would reduce
the manual handling of goods to some extent that could lead to the reduction of damages
to the products. Reducing the process could also reduce the work in progress due to
reduction in processing time. The real-time tracking of the goods by the customer would
enhance the customer satisfaction. The customer can track the product’s current
whereabouts. The real time tracking would also improve the security of the products
through there supply chain.
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S5: Sorting of Goods.
The RFID technology have high impact on the sorting of goods. Initially, the tracing of
goods in the unloaded region can be effortlessly identified using the RFID reader on
the forklift. The screen on the forklift would show the desired product that should be
picked, which makes the process quicker. Also, it would reduce the load on the operator
because the pick and place process are done by the forklift. There won’t be any need
for manual labor for this process. Gradually, it would downgrade the over handling of
the products because the system would should properly where the products should
move. Moreover, the damage to the products caused by the human error could be
reduced. Since, the manual handling at sorting is cut-rated, the Work in progress is
reduced due to lesser processing time in the warehouse. All these factors could improve
customer satisfaction, when the customer gets the product on time with better condition.

4.5. Current mapping of warehouse
From an interview with the team coordinator, the data was collected for VSM and had
plotted the present state of the process for the Bulky Section. Then through observation,
cycle time and set up time of each process is noted down.

Figure 6: Value stream mapping of current phase
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When the truck arrives at the inbound, two operators drives forklift to empty the goods
from the container to the sorting area. A container contains approximately 150 goods
in it. Two operators are engaged to unload the products with the help of forklift. It
would take 5 minutes for getting CMR (Convention Relative au Contrat de Transport
International de Merchandises par la Route) document from the driver to cross check
the goods arrived at the warehouse. The operators would take nearly 30 minutes to
unload the goods. Then one operator would take 2 minutes to keep the pallets in the
opposite side to keep the sorted goods on to it. 4 operators are used in this process to
sort the goods which takes almost 1 hour. The sorted goods are then picked and placed
onto the pallets arranged, which would take nearly 15 minutes. Then, 1 operator would
take the PDI machine used for scanning. The operator would then login into the PDI
machine with the login credentials. Also, the operator should also bring the scanning
table with the destination flag and stationaries to stick the flag on to the goods. This
process before the scanning would take nearly 5 minutes for an operator. The scanning
would take closely 20 minutes. Thereafter, the operator has to do the wrapping process.
before that he has to bring the wrapping machine and install the wrapping band and
battery into the machine which would take another 5 minutes to set up. The wrapping
process is a bit time consuming process compared with the scanning process which
would take approximately 30 minutes. All the pallets have to be driven to the marked
destinations which would take another 30 minutes. Finally to load the pallets into the
container for outbound would take nearly 15 minutes by a single operator with the
forklift.
However, the value-added time taken in these processes are those time which couldn’t
be minimized that were the cycle time of each process and then the non-value added
time was the setup time of each process. This is because the cycle time would be the
value added time for logistics operations and the rest of the time are non-value added
time.
The total value added and non-value-added time for the entire process is listed below:
Value added time

200 min

Non-value added time

17 min
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Therefore, total processing time= 217 min
Also, operator requirement= 10

4.6. Future mapping of warehouse
This section would be explaining the improvements that has been analyzed from the
current phase of the warehouse and the interview with the RFID supplier. The section
would provide an outline about the future operations in the warehouse after the
implementation of RFID.
4.6.1.

Specification of Hardware

The most appropriate tag that would meet the purpose of traceability of goods in
logistics is UHF tags which are under the category of Passive tags. Paper label design
is selected due to the ease of printing and these labels are the most economical ones out
of the rest.
After analyzing the impacts the RFID technology on the HD goods. The location of
reader would be more apposite on the forklift because it could satisfy two purpose of
scanning the goods and sorting of goods with the same forklift with reader mounted.
The reader with rating 2 watts would be seamless for reading goods at the warehouse.
That would cover up to 5.6m. The frequency rating of the reader is under the range of
868Mhz. The forklift would have 3 antennas, 2 would be placed on the side of the
forklift and 1 placed below the forklift. The antennas are dual polarized; thus the radio
waves could be received from any directions within the range of 5.6m.
Tags

Passive, UHF tags, Design- Paper label
Range: 5.6m, Power= 2 watts,

Reader
Antenna

Frequency=< 868 MHz
Dual Polarized
Table3: Specification of Hardware
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4.6.2.

Specification of System

The existing ERP system of the warehouse need an integration with the RFID
technology thus, a server is used to transfer the data from the reader to the ERP system.
When the Forklift reads the goods through the reader. The data from the reader is
transferred to the Server stipulated by the RFID system supplier. The server is
connected to the database that is integrated to the company’s ERP through a custom
interface.
Forklift with
RFID Reader
WLAN

Server
Interface

Databse
integrated with
ERP
Figure 7: Specification of System
4.6.3.

Process in Warehouse

Figure 8: Value stream mapping of Future phase
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When the goods attached with RFID tag by the suppliers arrive at the inbound gate,
there would be setup time of 5 minutes for checking the CMR sheet brought by the
truck driver. Then, two operators using forklift with reader mounted would drive into
the container and unload the goods into the unloading area. While unloading the
products from the truck, the reader would read the goods and send the information to
the database to register the arrival of good at the warehouse. This process would take
nearly 30 minutes to empty the truck. Thereafter, the forklift operator would sort the
goods to the pallet placed to the opposite side. The operator has a screen on the forklift
which would display the product that needs to be picked and placed on the pallet. This
process would take approximately 30 minutes for placing all the products on the pallets.
The wrapping is the next process. Therefore, one operator would bring the wrapping
machine and then install the wrapping band and battery into the machine. The wrapping
process would take 30 minutes to wrap the entire pallets. Then, one operator would
drive the pallets to the desired destinations which would take another 30 minutes.
Finally, it would take 15 minutes for an operator to load the truck. While, loading the
truck, the information about departure of product from the warehouse is send to the
database.
The total value added and non-value added time for the entire process is listed below:
Value added time

135 min

Non-value added time

12 min

Therefore, total processing time= 147 min
Operator requirement= 7
Henceforth, comparing both the phases, the future state has 32.2% reduction in the
total processing time and 30% reduction in operator requirement.
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4.7. Capital budgeting of the project
The capital budgeting is necessary to find the approximate cost of investment of the
project. The capital budgeting is done for two purpose i.e. finding the running revenue
of the project and the payback period of investment for the project. The running revenue
is the total income that accounts the benefit created from key benefiting factors.
Hence, the running revenue could be found from the Net present value. By calculating
with the cost of investment, discount rate and time period. The payback period of the
project is calculated by computing the initial investment and annual cash flow.
For implementing the RFID, the cost of investment has 4 subsets. They are the Cost of
hardware, Cost of software, cost of system integration and cost of pilot study. Cost of
hardware account for the cost of tags, readers and antenna. Cost of software includes
the cost of software development.

Cost of tags

Cost of hardware

Cost of Reader

Cost of antenna
Cost of
investment

Cost of software
Cost of
implementation
Cost of Pilot
study
Figure 9: Cost of investment
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4.7.1.

Running Revenue of the project

The running revenue is calculated by assuming the value of NPV to be 0.1. This is
because the running revenue could only be created if the Value of NPV is positive. Thus
0.1 is the minimum value for NPV, so the value of Running revenue that will be
computed will be the least income the company would gain after implementing the
project. Also, the discount rate is also assumed to be 4.5 percent for this study of 3
years.
Cost of hardware on 1 forklift= 50 000 SEK
Cost of Hardware on 4 Forklift= 200 000 SEK
Cost of 1 Tag= 1 SEK
Approximately 182 000 goods would pass through the warehouse in Torsvik as per the
data provided by the team leader.
Thus, cost of 182 000 Tags= 182 000 SEK
Cost of System Integration= 520 000 SEK
Total Cost of Investment= 870 000SEK
0.1= -870 000 +

(@A%BC ,,,)
%.EF

+

(@A%BC ,,,)
%.EFG

+

(@A%BC ,,,)
%.EFH

0.1= -1 141 180 + 0.69X + 0.47X + 0.33X
0.1= -1 141 180 + 1.49X
1.49X = 1 141 180.1
X= 765 892.69 SEK
Thus, the least net annual benefits the company would gain after implementing RFID
technology is 765 892.69 SEK.
4.7.2.

Payback Period

The annual cash inflow would be the running revenue of the project that is calculated
from NPV which 765 892.69 SEK and the initial investment of the project is 870 000
SEK.
BI, ,,,

Thus the Payback period= IJF BKC.JB = 1.13 » 1–2 yrs.
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Thus the return of investment of the project will be in 1 to 2 years. However the return
of investment is when considering the case of implementing the project in one
warehouse and also excluding the cost of tag, since the supplier has the liability on it.
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5. Discussion and conclusions
In this chapter the conclusions drawn from the thesis is presented. An overall
understanding of the thesis can be obtained here. This embraces the discussion of
methods and findings, conclusion and future areas of research.

5.1. Discussion of method
A standardized 4 steps method was adopted for the thesis. The strength of the thesis
was the proper structure that was created initially. There was no ambiguity during the
process of the project. All the steps were followed one after the other.
This thesis followed mostly inductive approach because we have tried to narrow down
the scope of the study from the research question. Also, most of this thesis had an
inclination to qualitative research approach, even though quantitative research was
adopted for RQ3. But for Inductive approach, in some cases it is possible to hold
quantitative research too. Also, the literature review was mostly Grounded theory
(Williamson, 2002).
The objective of the research was achieved to some extent. Since the impact of RFID
technology on logistics dealing with bulky goods is found out and the future state of the
warehouse after the implementation of RFID technology were answered through the
research questions. The three-research question were set up such that each question
could bring the solution that provide the foundation for the solution of next question.

RQ1

•What potential impacts RFID
technology can bring to the bulky
products?

RQ2
RQ3

•How the RFID system
implementation would
improve the
conventional barcode
technology in Logistics
system?

•How cost-efficient can RFID technology
become in comparison to the barcode
technology ?

Figure 10: Funneling of research question
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RQ1 was moreover a broad question and to answer this question, multiple case study
was conducted, to analyze the advantage of the company with RFID technology over
the barcoding technology. Thus, the solution for this question developed Key
Benefiting factors which would be valid for any logistics company. Thereafter, the
developed key Benefiting factor provided a foundation for the next research question
RQ2. The Key benefiting factors was assigned to sort the major problems in the
warehouse. which reduced the focus only to logistics dealing with bulky products.
Subsequently, these solutions formed the foundation for future phase of the warehouse.
This future phase was taken in consideration for answering the solution for the research
question RQ3.
Research question RQ1 and RQ2 had provided strong solution due to the steadfast data
collected. On the other hand, the solution of RQ3 was approximated since the cost
couldn’t be found out before having a pilot study in the warehouse. If the length of
study could have been extended, then the Pilot study could be done and thus it was
possible to calculate the exact running revenue of the project.
It was very important to maintain the quality of the report which is dependent on two
factors; validity and reliability. Validity is defined as the degree to which the research
measures what it intends to measure (Williamson, 2002). Reliability can be defined as
how trust worthy the results obtained from the study is and whether it’s possible to
obtain a stable result upon repetition (Williamson, 2002). This thesis provided both
external and internal validity. RQ1 shows result which could be generalized to all the
logistics company dealing with bulky goods. Thus, RQ1 has high external and internal
validity. RQ1 has solutions which is more reliable because a multiple case study was
conducted. However, the RQ2 has high internal validity and low external validity, since
the study is conducted for the benefit of Bring Warehouse. RQ2 also have high
reliability factor because triangulation is done for data collection i.e. data collecting
techniques were Interviews, questionnaires and observation. On the other hand, RQ3
had less internal validity and external validity since the data is approximated and may
vary for the particular warehouse and the analyzed running revenue is only applicable
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inside the bring warehouse. Also, the reliability for RQ3 is likewise very less, because
the data collected for the analysis is only through one RFID suppliers.

Research question

External Validity

Internal validity

Reliability

RQ1

High

High

High

RQ2

Low

High

High

RQ3

Low

Low

Low

Table 4: Validity and Reliability of Research Questions

5.2. Discussion of findings
The purpose of the thesis is to find the benefits of future phase of the warehouse with
the implementation of RFID technology for traceability of bulky goods. Thus the three
research questions were set down, which is structured down to develop the desired
result. Let us discuss the findings in respective to each research question.
RQ1: How the RFID system implementation would improve the conventional barcode
technology in Logistics system?
From the case study of the 3 logistics companies, we tried to form key benefiting
factors that would be the foundation for our thesis and also would provide key insights
of the advantages the RFID technology could bring to a logistics dealing with heavy
goods. Hence 8 key benefiting factors were recognized and noted down. These factors
were determined by comparing the benefits of a logistics using RFID technology over
the companies using the Barcoding technology.
The 8 Key benefiting factors are listed in the table shown below.

Sl no.

Key Benefiting Factors

1.

Real Time tracking of the Goods

2.
3.

Reduces the time and need of an operator for the
scanning
Ensures Scanning all the Goods
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4.

Reduces Over Handling

5.

Reduces the physical damage to the goods

6.

Reduces the load to the operator

7.

Reduce Work in Progress

8.

Improve Customer Satisfaction
Table 5: 8 Key Benefiting Factors

RQ2: What potential impacts RFID technology can bring to the bulky products?
After analyzing the questionnaires, 5 major problems are noted down from P1 to P5.
These glitches are major problems reported by the operators. Those problems are:
P1: Layout and Space Utilization
P2: Inbound Uncertainty
P3: Arrangement/ Stacking of Goods
P4: Traceability of Goods
P5: Sorting of Goods
To find the potential impact of RFID Technology in bulky goods, it is necessary for the
new technology to overcome the present problem in the warehouse. Thus, the problems
P1 to P5 is analyzed with the Key benefiting factors of RFID technology and solutions
are listed. The solutions show which all factors among the Key benefiting factor would
contribute to the rectification of current problem in the warehouse. It is represented on
the table below.
Solutions

Reduces
load to
the
operators

Reduces
overhandling
of goods

Reduces
Work in
Progress
(WIP)

S1

*

*

*

S2

*

S3

*

*

Improve
customer
satisfaction

*

*

*

*
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Real
time
tracking
of
goods

Reduces
the
damages
to the
product

*

Reduces
the time
and
need of
operator
for
scanning
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S4

*

*

*

*

S5

*

*

*

*

*

*

*

*

*

*

Table 6: Contribution of Key Benefiting Factors to the solutions

Also, through observations and interview with the team leader, Value stream mapping
of the current phase is sketched. This would be the foundation for the next research
question and to analyze the future phase of the warehouse. From the current phase the
total processing time was 217 Min. However other data in the VSM couldn’t be
calculated due to fluctuation of goods in the logistics. Also, it was only necessary to
show the process and time required to complete each container for this study.
RQ3: How cost-efficient can RFID technology become in comparison to the barcode
technology?
To determine the profit that the implementation of RFID could bring, could be
calculated using the capital budgeting as Net present Value and Payback period.
Through Computing the NPV, the running revenue or the benefit of the new project
could be calculated.
Thus, the capital investment of implementing RFID in a warehouse would be nearly
870 000 SEK. However, the investment for the tag is not calculated as the initial
investment since the tag is periodic charge per year according to the number of goods
processed in the warehouse. For calculation some values are been assumed as the
discount rate to 4.5% and the number of goods as 182 000 per year, the value of goods
is determined from the interview with the team leader, which is an approximated value.
Also, the value of NPV is given 0.1 to make the NPV positive. Thus, to find the least
running revenue of the project. Finally, computing the value in the equation we get the
Net annual benefit to be 765 892.69 SEK. Therefore, 765 892.69 SEK is the minimum
cost earned by applying the Key Benefiting Factor to the implementation of RFID
technology. Also, the payback period is calculated. Thus, the return of investment
would be between 1 to 2 years. Which proved the company would earn profit after 2
years of execution.
The value stream mapping of the future state of the process is also noted. The
specification was formed as the result from the interview with the RFID suppliers. This
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shows that the future phase had a total processing time of 135 min. Therefore, the future
phase had 32.2% reduction in the total processing time and 30% reduction in
operator requirement.

5.3. Conclusions
To put it in a nutshell, the RFID technology will be the stepping stone to Industry 4.0
in logistics. This thesis provided a kick start for the Bring logistics to implement RFID
technology for tracing and sorting bulky goods. This study mainly provided the factors
that would benefit the organization through the implementation of RFID.
The future phase of the warehouse is also plotted, which showed reduction in processing
time, however the benefit of the RFID technology was not only restricted to the
traceability of goods but also improved the sorting process which was previously done
manually and was an enervating process. However, all the Benefits from the RFID
technology were marked to solve the problems in the current scenario of the warehouse.
Thus, RFID technology has limitless possibilities, that would help the logistics
companies to sustain in the competition to achieve customer satisfaction.

5.4. Future Area of Research
To get more reliable data on the capital budgeting, there is a need of pilot study. Once
Pilot study is conducted, then the actual specification of the hardware could be
evaluated. Also, we could get a robust assessment on the cost of hardware, software
integration and implementation. Thereafter assessing the specification from the Pilot
Study, an implementation plan should be created that would achieve the future phase
of the warehouse generated through this thesis.
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7. Appendices
Appendix 1- Interview questions with the bring manager

1. Why particularly HD section?
2. What are the current problems faced with barcode technology?
3. Could you explain about the current customers?
4. Are there any suggestions or complaints from the customer? If yes, what are they?
5. Why do you see possibilities with RFID technology?
6. Can you explain the current operation for bulky goods?
a. No. of goods per day?
b. Equipment used: wrapping, forklift, etc.
7. Finally, could you have anything to say more about how RFID would improve the
conventional barcode technology?
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Appendix 2- Interview questions with JYSK Operations
Manager

1. Can you explain the current operation of JYSK?
a. No of goods per day
b. Equipment used: wrapping, forklift, etc.
2. Why did the company adopt RFID over barcode?
a. Benefits (direct and indirect)
3. What are the issues faced while implementing RFID?
4. Can you explain the specification of tag and reader used?
5. Why have you come up with these specifications?
6. What was the initial Investment for implementing RFID?
a. Overall
b. Hardware
c. Software
d. Integration
7. Could you explain the warehouse site?
a. Where is the reading site?
b. Where are the tags placed?
8. What are the limitations of RFID technology?
9. Do you have any suggestions from your side for implementing RFID?
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Appendix 3- Interview Questions with Danx AB team leader
1. Could you explain the current process for bulky goods?
a. No of goods per day
b. Equipment used: wrapping, forklift, etc.
2. What is the current method used for traceability?
3. What are the major problems for your current technique?
4. Are there any issues with the barcode label? If yes, what is the issue.
5. What are the benefits for barcode compared with the RFID?
6. Are there any plans for you to implement RFID in near future?
7. Are there any more suggestions regarding the implementation of RFID for
bulky goods?
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Appendix 4- Interview questions with RFID suppliers
Questions regarding technical issues.
•

Tag
•

What are the specifications of the tag?

•

Where should the tag be located?

•

Reader

•

Antenna-

•

•

What are the specifications of the reader?

•

Where should the reader be located in order to collect data needed?

•

How many antennas are needed to secure a satisfying reading rate?

System overview
•

What are the demands on the system owner?

•

What are the maintenance issues regarding hardware?

•

What are the maintenance issues regarding the system?

•

What are the issues regarding interfaces and middleware between the
RFID system and the ERP?

Questions regarding Cost of investment
What are the costs of the RFID implementation?
•

What is the cost of hardware?

•

What is the cost of implementation?

•

What is the running cost of maintaining the system?

•

Will there be any degeneration, what is the cost?

What are the benefits of using RFID?
•

What are the direct benefits?

•

What are the indirect benefits?
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Appendix 5- Questionnaire for the operators at bulky section
1. How long you are working in HD section?

2. What are the problems that you face here?
(Layout, Sorting, Driving. etc)

3. Any particular problem with Scanning or how can it be improved?

4. Any particular problem with Sorting or How can it be improved?

5. Have you left any goods unscanned?
Yes

No

4. How is the usability of PDI scanner?
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Appendix 6- Pictures of some marred barcode label

Figure: damage to label due to the difficulty to adhere on all surfaces

Figure: labels torn when it sticks to one another
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Figure: Damage during unwrapping

Figure: Damage due to improper handling of goods
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