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ABSTRACT
This research aims to implement a Radio Frequency Identification Device (RFID)
system to reduce production waste in a lens manufacturing company. There are three
main objectives of this research which are: (1) to understand the detailed components
and the implementation process of an RFID system, (2) to develop a plan to
implement an RFID system for a lens manufacturer, and (3) to verify possible
outcomes of the implementation of an RFID system. In order to accomplish the
research objectives, quantitative and qualitative approaches are employed for
gathering data. Document review, face to face interviews, and site observation are the
main techniques employed. These provide the conclusion, the key findings that can
answer the question "How could the Company implement an RFID system efficiently
and effectively?"
It was found that the main causes of production waste are in the two main processes in
the production line, which are the Etcher and Edger processes. In every work order
there are approximately 19.47 lenses wasted. Therefore, an RFID system is selected to
be used in order to resolve this problem. After comparing the different types of RFID
service, the passive tag is suggested to be the most suitable tag for this lens
manufacturer because of its cost effectiveness and performance. The cost of
implementation and expected outcome of RFID implementation were compared. The
results revealed that in three years of RFID implementation, the return on investment
of this project is US$ 7,625,732, which represents 96.5% of the total cost of
production waste.
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CHAPTER I
GENERALITIES OF THE STUDY
1.1 Background of the Study
The Radio Frequency Identification Device (RFID) system is one of the most recent
technological devices employed for enhancing supply chain management. Even
though RFID systems have only recently been utilized in production processes, the
system was firstly introduced a long time ago, in the Second World War. Radio
frequency identification (RFID) is a technological device used for the purpose of
transmitting data from tag to a computer based system via radio waves. It is the
system that is mainly applied to enhance the performance of the entire operation of a
supply chain. The RFID system is operated by transmitting data from a tag to a host
computer system without human intervene. It has become widely used in businesses,
particularly in the logistics area due to its distinctive ability to track and locate
products over quite a far distance. Also, the system facilitates operators to accurately
manage inventory or storage as well as prevent product loss.
The RFID system fundamentally consists of three main components; (1) transponder
or tag, (2) interrogator or reader and (3) computer (Attaran, 2007). There are two
main types of RFID tags that are currently used in business functions, which are: (1)
passive tag and (2) active tag. Different types of tag have different advantages and
disadvantages. The Passive tag is used for transmitting data over a short distance as it
does not contain an internal electronic supply, while the Active tag requires an
internal batter supply and can achieve a longer reading distance. For the ability to
read and store data, passive tag can only read simple data, such as an ID number or
code, whereas active tag can read, transmit or even store more data as it benefits from
having an internal power source (www.rfident.org). Generally, the overall
performance of the passive tag seems to be lower than the active one. Nonetheless, the
cost of implementing the former is considerably cheaper than the latter. Hence, the
price of implementing an RFID system can be very costly and may not be suitable for
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certain types of business. Operators who are interested in employing an RFID system
for enriching their company's performance need to have a genuine understanding of
the system before implementing it, in order to maximize benefits and avoid adverse
impacts from this tracking system.

1.2 Statement of Problem
The company which is the basis of this case study, called 'A Lens Manufacturing
Company' (a pseudonym), was established in Thailand in 2005, while the company's
headquarter was founded in 1990 in Florida, USA. It is a joint venture between two
very reputable companies; one is a chemical group company, and the other one is a
company that produces lenses. The 'A Lens Manufacturing Company' is currently
operated by these two companies with the goal of providing the best quality and
widest variety of materials and lens. The company can offer over 100 options of lens
design and material, and it is further claimed by the company that its lenses have a
distinctive ability to quickly change from dark in bright sunshine to clear vision
indoors or at night (A Lens Manufacturing document, 2010). Nowadays, A Lens
Manufacturing provides made-to-order lens to its customers and cooperates with
almost a dozen lens manufactures and employs more than 1,200 dedicated employees
globally. Within 10 years since establishment, the company has impressively
expanded its manufacturing facilities in five countries which are; (1) 1990 in Florida,
USA, (2) 1994 in Tuam, Ireland, (3) 1999 in Sumare, Brazil, (4) 1999 Laguna,
Philippines and (5) 2005 Chonburi, Thailand. Despite manufacturing development,
this Lens Manufacturing Company has sales offices in 11 countries across the world
and delivery is by air freight, including USA, Canada, Brazil, Mexico, Japan, China,
France, Singapore, South Africa, India and Hong Kong.
However, A Lens Manufacturing has been experiencing production waste. From the
company Report, the amount of production waste was around 362,020 pieces from
January 2010 to June 2010m which was approximately 20 pieces per work order. In
fact there are a number of alternatives that can be applied to solve the problem of
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production loss, such as RFID system, barcode system, and additional operators.
Some of these alternatives may affect the company negatively in long term.
For example, although the company does not have to invest large capital if it chooses
to enhance the production line by hiring more employees, the problem in the
production line may not be able to be resolved due to possibility of human error.
Adding operators would clearly affect the company cost. To serve the six production
lines, another six operators are needed. With an average salary of THB 8,000 or US$
266 per month, the total labor cost would be approximately US$ 57,600 for three
years. Thus, this alternation would not be attractive since it would increase the fixed
costs of the company. Furthermore, even though the barcode system is quite cheap,
easy to use and able to help in managing inventory, its capabilities are quite limited.
For instance, the price of implementing a barcode system may be cheap but its
scanning process still requires human involvement which may result not only in
higher costs of hiring more operators but the possibility of defects caused by
operators. Another instance of the barcode system is that it can track and help in
managing inventory but it can hold only a small amount of data, resulting in an ability
to specify only limited identification of products such as a product's type. Moreover,
the required human involvement would lead to some problems based on human error.
These limitations of the barcode system, in the end, may not be able to effectively
enhance quality in the production line.

For this reason, an RFID system is introduced for eliminating limitations or problems
which may occur from traditional operation management such as human operation
and a barcode system. Firstly, since RFID system does not require human
involvement, it reduces the possibility of operator. Secondly, RFID tag is able to store
or record either small or large amounts of information as preferred by users. Thirdly,
RFID system allows operators to monitor an object throughout a supply chain, and a
barcode system cannot perform this operation. This ability of RFID, as a result, helps
in improving quality control, as every work process can be monitored. In addition,
missing parts or products can be tracked by the RFID system.
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As such, A Lens Manufacturing plans to implement the RFID system to reduce its
production waste. However, the question, "How would the Company implement
RFID system efficiently and effectively?" should be answered first. This project aims
to respond to this question by making an implementation plan for the use of RFID for
A Lens Manufacturing.
1.3 Research Objectives
To achieve an implementation plan for the use of RFID for A Lens Manufacturing,
the main research objectives are set as follows:

1. To understand the detailed components and the implementation process of the
RFID system.
2. To develop a plan to implement the RFID system for A Lens Manufacturing.
3. To verify possible outcomes of the implementation of the RFID system. The costs
and advantages of the plan, in financial terms, will be compared.

1.4 Scope of the Research
This research focuses on a case study of A Lens Manufacturing. The data related to
the production processes will be gathered from documentation reviews, interviews
and observations. The flow of the production process will be reviewed and the
potential productions problems will then be identified. Subsequently, knowledge of
the RFID system will be studied.

1.5 Limitations of Research
Since this research is a case study which is based on a specific company, the results
obtained from this study may not be applicable to other companies. Another limitation
is that this research can only recommend an appropriate RFID system to resolve the
production problem, as an implementation decision depends on the company
headquarters of 'A Lens Manufacturing'.

4

1.6 Significance of the Study

There are a number of benefits resulting from this study. First of all, the research
compares different types of RFID which will be useful for other companies who are
interested in implementing this system. Secondly, the result of this study demonstrates
the step by step RFID implementation. Consequently, the study may be used as a
guideline for managers who intend to implement this system.

1.7 Definition of Terms

Active tag:

Active tag is one type of RFID tag. It is supplied with a battery that can
be used as a partial or complete source of power for the tag's circuitry
and antenna (www.technology.com).

Antenna:

It is a part of an RFID tag which is a conductive element that permits
the tag to exchange data with a reader (www.technology.com)

Interrogator: Electronics part, telecommunications, a radio or radar transmitter used
to send interrogating signals (www.technology.com)
Passive tag: Passive tag is another type of RFID tag. It makes use of a coiled
antenna that can create a magnetic field using the energy provided by
the reader's carrier signal (www.technology.com).
RFID:

A technology that uses labels that produce radio signals to identify
things such as goods, farm animals and vehicles
(www.technology.com).
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CHAPTER II
REVIEW OF RELATED LITERATURE, AND RESEARCH
FRAMEWORKS
This chapter reviews a variety of literature that is relevant to the topic of the research.
It consists of four main sections. The first section explores the notion of supply chain
management, including its definition, components and benefits. The second section
gives an explanation of RFID elements, implementation processes as well as the
critical success factors. The third section describes the impacts of RFID
implementation. The final part then provides the case study background.
2.1 Radio Frequency Identification Device (RFID)
Radio frequency Identification Device (RFID) is defined as "a generic term that is
used to describe a system that transmits the identity (in the form of a unique serial
number) of an object or person wirelessly, using radio waves. It is grouped under the
broad category of automatic identification technologies" (www.rfident.org). The
RFID system has been developed to transmit data on tags to a company based system
without a person involvement. It is a high-end technology that communicates between
a computing system and the items identified.

RFID consists of three main components; transponder (tag), interrogator (reader) and
computer (Attaran, 2007). A tag is used for attaching to the objects. A tag consists of
two elements which are; (1) antenna and (2) microchip. The antenna is utilized for
receiving and sending radio signals, whereas the microchip is mainly operated as data
storage. There are two types of tag: passive tag and active tag. The passive tag does
not require electronics or a battery to send and receive radio frequencies, whereas an
active tag is self-powering by using its battery. Since a passive tag has no power
supply internally, its reading distance is quite short, up to six meters only
(www.rfident.org) as it needs radiated energy from a tag reader to read the tag
(Attaran, 2007). A passive tag, moreover, can only read simple data, such as an
object's name or identification number, due to its small memory (www.rfident.org).
6

Nonetheless, a passive tag is more admired than an active tag since the cost is lower
and it has an unlimited life cycle. Besides, the size of passive tags can be as thin as a
piece of paper (www.rfident.org). The passive tag price is approximately US$ 0.05 to
US$ 0.25 per tag, which is equivalent to 1.75 baht to 8.75 baht (Homs, 2004).
Examples of RFID passive tags are presented in Figure 2.1.
Figure 2.1: Examples of RFID Passive Tags

8
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Source: www.sagedata.com
On the other hand, the active tag has a higher cost with a limited life span (about 10
years). Due to the fact that an active tag contains its internal electronic power supply,
it can perform over a longer reading distance than the passive one and has a bigger
memory to store data received (www.rfident.org). Although the size of an active tag is
bigger than a passive tag, its size is just only a little bit bigger than a coin
(www.rfident.org). The active tag is very popular among big businesses since it can
perform better than a passive one, with more accuracy and reliability in adverse
conditions (wet or humid environments) and has longer read-range (www.rfident.org).
The cost of an active tag is roughly US$ 4 to US$ 20 per tag, which is equivalent to
140 to 700 baht. In addition, RFID can store enormous amount of data compared to an
outdated data transmitter device, such as a barcode system.

7

Figure 2.2: Examples of RFID Active Tags

Source: www.sagedata.com
It can be summarized that different types of RFID tags have different advantages and
limitations. For instance, while a passive tag is cheaper and smaller than an active tag,
its reliability and accuracy of reading ability is lower than an active tag. Another
instance is that the internal electronic supply of an active tag enables higher
performance in data storing compared with a passive tag. Nevertheless, the active tag
has a battery life of approximately 10 years whereas the passive tag has an unlimited
life span because it does not need a battery. Table 2.1 summarizes the differences
between active and passive tags.
Table 2.1: Differences between Active and Passive Tags
Passive tag

Active Tag
Requires a battery

Does not require a battery

Long reading distance

Short reading distance (Up to 6 M.)

Large size memory

Small size memory

Stores and reads complicate data

Stores and reads simple data

Reliable in wet and humid conditions

Unreliable in wet and humid conditions

Limited life cycle

Unlimited life cycle

Bigger size

Smaller size

High price (US$ 4 to US$ 20 per tag)

Low price (US$ 0.05 to US$ 0.25 per tag)

Source: Horns (2004) and www.rfident.org
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The second component is the interrogator or reader. The reader for RFID is a radio
frequency transmitter. A microprocessor is the main part of a reader. It is a digital
signal processor that is employed to track and communicate with the tag. The reader
then captures the data attached in the tag and transmits it to a computer (Homs, 2004).
Figure 2.3: Examples of RFID Interrogators

Source: www.sagedata.com
The final component is the computer. The data from a tag is transmitted into a
computer by the tag reader. Wireless or cable is the main channel to transfer the data
from reader to a computer system. The computer system then interprets and stores the
data (Horns, 2004). Most RFID readers which include a computer base cost from US$
500 to US$ 2,000 depending on the features in the device. However, the full function
standalone RFID reader costs approximately US$750 (www.rfidjournal.com).
Furthermore, Ferrer, Dew and Apte (2009) pointed out that there are three elementary
capabilities of RFID. Firstly, RFID is a wireless system that can be operated without
human involvement. Secondly, since the reader can communicate wirelessly with the
tag, an RFID system is able to track and locate the location of objects. The final
fundamental capability is that an RFID system is able to monitor the surrounding

9

environmental conditions, as certain types of the tag have a sensor to measure
environmental changes.

Krivda (2004) suggested three initial phases before implementing an RFID system.
These phases can help a company to identify whether RFID can truly generate value
for that business. The first phase is an initial step that allows a company to learn how
to manage the system. In other words, the first phase is a pilot project which begins
with a small sample and then carefully expands it in a period of time so that a
company truly understands the processes and procedures of the system. Krivda
(2004) suggested that the company should spend at least three months in the pilot
project.

The second phase investigates the result from the initial stage as well as recording the
data for knowledge sharing. This stage creates efficient value for the whole supply
chain processes. The final phase is to expand the RFID system to the entire business
supply chain processes. Similarly, Damanpour and Schneider (2006) suggested three
stages of RFID implementation which are: (1) evaluation, (2) adoption and (3)
integration. The evaluation as the first step aims at setting the agenda for RFID
deployment. The second stage then adapts and adjusts the RFID system in order to
comply with the company's architectures. The final stage is to install and integrate
this new technology throughout the organization (Damanpour & Schneider, 2006).
Attaran (2007) also mentioned that even through RFID system can create value to the
company's supply chain management, not every company has successfully
implemented this system. There are seven critical success factors of an RFID system,
as follows:
1. Top management commitment and involvement in the project. Implementing
RFID in the supply chain means that a company needs to implement RFID in
the entire operation processes. Thus, without the leadership support and
involvement, this project cannot be achieved.
2. SCM is involved with a number of suppliers and partners: their technological
competent is another key success factor of the project.
10
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3. The IT structure of the company should be able to integrate with and support
the RFID system.
4. The company back-office should be able to integrate data collected from the
RFID system.
5. The company needs to determine and separate data that is not associated with
the RFID system.
6. Coordination of receiving and sending data between each department in the
business is the sixth key success factor.
7. The final factor is staff training and education programs on the RFID system.
Thus, RFID is a new technology that has been integrated broadly in SCM. This
tracking device has been widely implemented in a number of industries, such as the
retail industry, pharmaceutical industry, aviation, and the government sector. The
main components of an RFID system may vary. However, there are three essential
parts of this system, which are: (1) tag, (2) reader and (3) computer. To succeed in
RFID's execution, the company needs to consider a number of factors, such as
leadership commitment, IT system, and the competencies of suppliers and staff in
terms of the RFID system.

2.2 Impacts of RFID's Implementation
The use of RFID has been continually and widely spreading across businesses. Visich,
Li, Khumawala and Reyes (2010), directly examined the impacts of RFID on supply
chain performance, based on broad empirical evidence from the past. Evidently, they
found that RFID as an informative and communicative technological device which
can provide a higher level of data by identifying and tracking products as they go
through a supply chain. Based on this investigation, RFID can help in enhancing both
operational and managerial processes of a company. In term of operation processes,
this innovative device helps in; (1) reducing labor cost, (2) improving efficiency in
inventory, such as stock control and stock refill, (3) improving efficiency in shipping,
(4) improving ability to be quicker in order received management, (5) enhancing
material handled, meaning that RFID can increase accuracy in a production location
11

as well as accuracy for products needed to be shipped to customers, which in turn
reduces production lead time, (6) enhancing better capacity in responsiveness,
meaning that RFID can decrease response time in a company's network in the supply
chain so as to decrease processing time for rush orders, (7) reducing waste resources,
such as the evidence from Visich et al. (2010) which indicated that there was no more
error in a packaging process in firms that appropriately and effectively implemented
RFID, and (8) enhancing the redesign process, such as better production cycle time
and better storage design with more useable space.
On the other hand, the advantages of deploying RFID in term of managerial processes
can be seen as the ability to; (1) increase sale volume, (2) improve efficiency in
supplying promotional products to retailers (3) improve more accuracy in invoice
management, (4) improve resources usage through data and resource management, (5)
yield better production control, such as more accuracy and efficiency in production
planning, and (6) enhance quality decision because, RFID helps in reducing manual
inventory orders, reducing annual procurement cost as well as enabling postponement
due to a better managerial system (Visich et al., 2010).
A study by Attaran (2007) is also consistent with the statement claimed by Visich et
al. (2010) as this study pointed out that RFID increases greater operational
competency, such as reduced inventory level and out-of-stock merchandises. In
particular, Visich et al. (2010) and Attaran (2007) agreed that the use of RFID allows
managers to better communicate and deliver information throughout a company. In
SCM, useful and necessary information is very crucial as most quality and accurate
decisions made by managers mainly depend on the information received. RFID, thus,
can facilitate managers' decision. Apart from that, Attaran (2007) also found that with
RFID, firms can; (1) increase speed for responding to customer demand signals, (2)
improve accuracy and reliability in order forecasts, (3) improve ability to utilize fixed
assets, which in turn result in lower investment for asset requirement, (4) identify
counterfeit products, (5) track and trace goods during transportation, as well as (6)
improve overall organizational performance as RFID helps in reducing the level of
human errors. Additionally, the major factors which contributed to the decision by
12
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firms to implement RFID are unnecessary costs occurred from operational failures
such as excessive level of inventory, delay in delivery process, out-of-stock
merchandises, as well as loss of goods (Attaran, 2007).

Consistently, Lee and Park (2008) focused on the importance of the ability to trace
goods and found that the transportation process is one of the key operations that can
be directly improved by exploiting the traceability of RFID technology. There are a
number of daily operations within a firm which require a monitoring system in order
to effectively yield better performance. Lee and Park (2008) also stressed that firms
which have the ability to track products during the entire processes of delivery will
gain greater benefits in turn, such as opportunities to enhance customer visibility and
product recall. This is because RFID enables a firm to identify products location,
record the product's history, as well as create a better security system by identifying
and analyzing risk in each stage of delivery.

The benefits of RFID have not only spread in the supply chain of manufacturing
industries, but in the healthcare, casino, and clothing sectors. Kumar, Swanson and
Tran (2009) analyzed the use of RFID in healthcare sectors, such as pharmaceutical
companies and medical device companies, and discovered that this tracking device
can be used to control and protect against fake drugs so as to track medical devices
via the transporting system.

In the casino industry, Gilbert (2005) found that one of the casinos in Las Vegas has
already implemented RFID for security purposes. In this study, the casino attaches
RFID onto betting chips in order to detect and identify fake chips. The casino,
moreover, utilizes RFID for allowing dealers to perform a quick inventory of betting
chips. Interestingly, this tracking device can also enable the casino to monitor, rate
and reward high rolling players (Gilbert, 2005). In the same way, Sullivan (2005)
studied the use of RFID in one of the most advanced clothing companies in the USA
and discovered that Lauren Scott of California is using RFID tags with children's
sleepwear, for security purposes. RFID tags are attached to pajamas, and RFID
readers are installed throughout a house at certain points in order to monitor children.
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An alarm will be triggered if a child walks out of a parent's eyesight or the RFID's
signal radius. The advantages of RFID, therefore, seem to help business operations to
move forward toward a new era.
Even though many researchers have pinpointed numerous benefits of RFID, some
implementers are concerned about the limitations of this tracking device. Maloni and
De Wolf (2006) worked on the adverse impacts or limitations of RFID and concluded
that five major factors are behind the negative effect of RFID implementation; (1)
technology, (2) cost and ROI, (3) privacy and security, (4) supply chain and (5)
implementation. The technological issue is identified as the foremost limitation,
implying some unreliability of this technological device. This research highlighted
that RFID tags cannot be read occasionally due to various issues, such as defective
antenna and signal clash with other readers and tags. Unfortunately, this signal
collision is very difficult to avoid as it mainly emerges from environmental factors
within manufacture, a storehouse or the retailer. RFID's signal, for instance, can be
interrupted by metal-to-metal crashing, radios, static electricity, electrical motors,
liquid or metal in packing or the product itself, or even wireless access points and a
wireless mouse (Maloni & De Wolf, 2006). The problem of inconsistent quality from
RFID providers may be the cause of error or fluctuation in tag reading (Visich et al.,
2010). Apart from signal collision, the problem of international agreement in terms of
standard data, hardware, software and operating frequencies for RFID signals is a
critical issue among implementers (Maloni & De Wolf, 2006).
The cost of RFID's implementation and its ROI is, secondly, classified as another
concern by a number of past investigations. According to Maloni and De Wolf
(2006), many firms may be hesitant to implement RFID due to several issues, such as
the overall cost of implementation being higher than a bar code system, the total cost
of implementation is unclear, the identification of value from implementation is not
clear and, importantly, ROI from implementing RFID system may be unclear and may
take up to five years. The research conducted by Attaran (2007) further pointed out
that the implementation of RFID in a large company may cost approximately US$13
to US$ 23 million. Also, the fact that RFID cannot generate equal benefit among
14

members in a supply chain as well as industries is seen as another obstacle
minimizing the use of RFID.

Privacy and security is a further issue of which both firms and customers are being
made aware. Both operators and consumers are now being concerned that their private
information may be exposed since RFID tags will still run or function during and after
the buying process (Maloni & De Wolf, 2006). In short, the tags can be read, and the
information may be shared, by unauthorized people. For instance, competitors may
gain consumer information regarding spending routines and habitual product use,
while criminals may use this channel to trace consumer locations.

The problem of neglect and lack of cooperation between members of the supply chain
is identified as the next limitation of RFID. The implementation of RFID requires not
only collaboration within a company, but genuine commitment across the whole chain
(Maloni & De Wolf, 2006). The entire operation within and outside a company may
need to be redesigned to support RFID's technological system. A firm, thus, need
mass support across the chain in order to reengineer the existing processes. Despite
the difficulty of redesigning work systems, the unwillingness to share information
with other members in the chain is also critical. Larger members in a supply chain
who already gain power advantage as they possess confidential information of
customers, may be unwilling to implement this tracking device, since the
implementation means that other members may eventually gain equal power
advantage from information sharing via an RFID system (Rutner, Waller & Mentzer,
2004).
The final limitation is directly seen as the problem of implementation. Most firms that
implement RFID technology will undoubtedly encounter similar troubles as they
implement other new technologies. The most common problems can be identified as
unclearness in the implementation processes and cost, corporate fear of change, as
well as the need to maintain dual work systems (Maloni & De Wolf, 2006). A firm,
for instance, may need to maintain an old system together with RFID's system for
years, since it has to wait for partners in the chain to completely implement and
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understand the system. Besides, the implementation also requires true commitment
from top management in order to successfully implement RFID's technology
(Attaran, 2007).

In conclusion, the investigation of impacts of RFID's implementation from previous
studies, demonstrated that although RFID's technology can boost a firm's overall
performance, particularly inventory, logistic capabilities and production waste, the
successful implementation of RFID is not simple as many factors are involved. RFID,
for instance, requires excellent collaboration and information sharing between
members across the supply chain in order to improve efficiency in inventory and
shipping. Nonetheless, many firms hesitate to share confidential information with
other members. Moreover, the evidence showed that companies that can successfully
implement RFID will gain great benefits in turn. However, the unclear cost of
adopting RFID and the concern about ROI seem to be the major limitations,
obstructing the success of RFID' s implementation.
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CHAPTER III
RESEARCH METHODOLOGY
This chapter aims to describe the tools and methods employed in this study. This
chapter also explains the reasons why those methods and techniques are considered as
the most suitable approaches for this research. This chapter, thus, consists of six
sections. In the first section, the researcher clarifies the rationale for selecting the
case study for this project. The second section briefly outlines the necessary data on
which this research based. Moreover, the following section explains the data
collection process. The fourth section deals with the pre-analysis data. The fifth part
provides work process mapping, and the problem identification processes. The sixth
section describes the RFID implementation plan. The seventh section describes
techniques used to analyze data. The final part concludes with the methods and
techniques used for the purpose of this research.

3.1 Case Study
Case study research normally emphasizes a particular case in order to collect in-depth
understanding of the specific place (Hatch, 2002). In addition, Robson (2002) defined
a case study as a research that usually involves an empirical investigation in a
particular scope or area such as an organization or workplace.
With the main purpose being to develop an RFID implementation plan to solve
production waste, 'A Lens Manufacturing' was selected as the case for this research.

3.2 Required Data
The data required in this study consists of four main parts, which follow. The first
required data is the main process in the production processes. This data helped the
researcher to understand the whole operation process of the company. Secondly, the
lead time of batch production and work floor plant are required. Thirdly, the amount
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of production waste is required. These data are required in order to identify the work
process of the company as well as to identify the problem of production waste.
3.3 Data Collection Technique
This study employed both qualitative and quantitative methods to collect all required
data. Data regarding the main process in production processes, lead time of operation
processes and amount of product loss in the production line were collected via
document review and interviews. The required documents include (1) main process in
production and (2) lead time of operation processes and (3) number of product loss in
production.
In addition, site observation was carried out in order to collect the actual amount of
production waste. Since there are six production lines which approximately have 90
work orders per day, only six production lines were randomly selected to be observed.
The site observation was made on five working days. In one day, six work orders
from different production lines were observed. The site observation was done in
September 2010, for at least four hours on each day.
After reviewing documents, and site observation, interviews were conducted with the
heads and employees of the engineering department and production department. Each
st
interview took approximate 20-30 minute. The interviews were carried out on 21 of

September 2010. Examples of questions used during the interview with the head of
the engineering department are: what are the main problems found in the production
process; what is an estimate of production waste for one work order; in your opinion
what is the best solution for solving this problem. After conducting the interview with
the head of engineering in the morning, the interview with the head of operation was
conducted. Examples of questions during this interview are: what are the main
processes in production; would you describe the production layout; what is the lead
time of operation; how much production waste is there for each work order; how
much production waste was there from the beginning of 2010; what is the possible
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cause of the problem. The data collection methods and sources can be seen in Table
3.1.

Table 3.1: The Data Collection Methods
Data needed
Main process in

Engineering and planning

Interviews

department

production processes and
production layout

Source

Data collection technique

Document reviews

Company Trans-Bonding
process control

Lead time of operation

Document reviews

Work Order Priority report

processes

Interviews

Production department

Number of products lost in Document review

PD Daily report

production line

Production line

Observation

Source: A Lens Manufacturing

The results from the interviews and document review are shown in Section 3.4
following.

3.4 Pre-Analysis Data
Before deciding to select the RFID topic, the author conducted informal interview
with the operation manager of CPF Company in order to understand the idea of an
RFID system. The outcome from the interview pointed out that CPF as one of the first
companies to implement RFID has been using RFID in its logistics system. The aims
of using RFID are to ensure the accuracy of their delivery system and traceability
system. This is an example of conversation during the interview.
"I can say that CPF is one of the earliest companies to have been successfully
implementing an RFID system. We use this system for tracking our product in
the logistics system. It was first implemented for the frozen shrimp product,
and recently we have expanded it to other product lines such as pork and
meat."
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Secondary data on the main operation process, lead time of operation process,
production waste both existing and estimating and cost of product lost in the
production line, are explained in detail as follow.

3.4.1 Main Production Process
The diagram shows the operation process flow. There are 14 main types of equipment
employed in the production: (1) Etcher, (2) Edger, (3) Corona number 1, (4) PUcleaner, (5) In-line oven, (6) transfer, (7) Corona number 2, (8) EU cleaner, (9) EU
coater, (10) eye-UV, (11) Corona number 3, (12) HC cleaner, (13) HC coater and (14)
pre-cure. The duration of each process varies according to the work order. However,
this study particularly emphasize the production processes of Etcher and Edger. The
whole production process can be seen in Figure 3.1.
Figure 3.1: Trans-Bonding Process Flow

Source: A Lens Manufacturing

3.4.2 Lead Time of Operation Process
The average total lead time of batch production is five days. The detail of each work
day can be seen in Table 3.2.
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Table 3.2: Lead Time of Operation Processes
Day

Activities

Department

DayO

Taking customer order

Marketing department

Dayl

Allocating raw material

Planning department

Day2-4

Producing in the
production line
Preparing for shipment

Production department

Day5

Shipping department

Source: A Lens Manufacturing

3.4.3 Number of Products Lost in the Production Line
In terms of the number of product lost in the production line, there are approximately
20 lens lost when changing from one work order to another work order. This is
because the operation worker has to walk from Etcher to Edger in order to adjust the
parameter of the work order. The cost of one lens is US$ 3.22 which means that
between two work orders there is about US$ 64.4 lost. Table 3.3 presents the number
of products lost from January to June 2010.

Table 3.3: The Number of Product Lost from January to June 2010
Month (2010)

Number of work Total number of
lens lost
orders
51,180
2,559.
January
2,992
59,840
February
3,112
62,240
March
59,500
2,975
April
65,320
3,266
May
63,940
3,197
June
18,101
362,020
Total
Source: A Lens Manufacturing

Total cost (US$)
164,800 US$
192,685 US$
200,413 US$
191,590 US$
210,330 US$
205,887 US$
1,165,704 US$

3.5 The Area Layout and Problem Identification

The problem of production waste mainly occurred in the Etcher and Edger processes.
Etcher is the first machine in the production line that is used for marking a specific
code on the lens in order to indicate the specification of each work order. Nonetheless,
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if lens are already marked by a specific code by Etcher, the specification of those lens
cannot be changed. Edger, on the other hand, is a machine that the company uses for
cutting the Edge of lens, as specified by each work order. The main production
processes and layout of and between Etcher and Edger were defined. After that the
investigation of the problems of production waste began. The outcomes of layout and
problem identification are as follow:
- The production process mapping and layout between Etcher and Edger
- The possible cause of production waste
- New command for the production line

3.6 RFID Implementation Plan

The determination of work process mapping and problem identification elicited the
specific problem areas. Then, the RFID system was applied in order to improve those
areas. The implementation plan of the RFID began with the selection of the RFID
devices. The cost comparison of different types of RFID was performed in order to
help select the most efficient and effective RFID system. Once a suitable RFID type
was selected, the step by step of RFID implementation was planned. The RFID
implementation consists of the main tasks of the RFID implementation plan, the
departments involved, the infrastructure required, the budget, and the duration of each
task.
3.7 Data Analysis of the Results of the RFID Implementation

Data analysis is the critical process of qualitative research. Data analysis involves the
processes of organizing, structuring and examining raw data. It aims to select and
prioritize important information that can be used for the study. The information needs
to be ordered and structured. General statements about correlation between themes of
data are required in qualitative data analysis (Mile & Huberman, 1994). Information
such as the main operation processes and lead time of batch production were analyzed
by using content analysis, which means that the data collected from documents are
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described in the form of text or figures to make it more understandable. The number
of products lost in production was analyzed by using the Microsoft Excel program.
The Excel spreadsheet is a very useful application as it has several advantages, such
as effective comparisons from lists of data, saves time, and easily converts the data to
graphs.

3.8 Summary

To summarize, this chapter gives an explanation of the methods and techniques
employed in the research. With the aims of the research being to implement RFID to
reduce production waste, the qualitative and quantitative approaches were applied as a
strategy to gather data. There are several methods that can be used to collect data.
However, document review, site observation and interview seemed to be the most
suitable methods for gathering data in this research.
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CHAPTER IV
PRESENTATION AND CRITICAL DISCUSSION OF RESULTS
This fourth chapter intensively presents the keys findings of the investigation as well
as critical analysis and discussion of the results. This chapter is divided into six
sections. The first section is the production process mapping and layout between the
Etcher and Edger processes, as well as the major problems of production waste. The
second section shows information on the existing production waste which was
collected from site observation. The third section is about RFID implementation
which includes the financial comparison of RFID implementation. The fourth section
describes the new command of the production line. Section five describes the
expected outcome after RFID implementation. The final part then summarizes the key
points of the chapter.

4.1 Existing the Layout of Etcher and Edger
The diagram shown in Figure 4.1 illustrates the production layout between Etcher and
Edger. The Etcher process is the initial point of a work order. The Edger is
responsible for cutting the edge of lens. At the beginning of a work order, the operator
who is responsible for this work process must adjust the parameter regarding the
specification shape of lens into Edger. After that he has to walk to the initial point,
called Etcher to issue the work order to the production line. Given an example of one
batch order of lens, the operator needs to firstly insert specific data of this order, such
as shape of lens, to a computer at Edger's point. Afterward, the operator must issue
the beginning of a work order at the Etcher point. At the end point of a work order,
the operator has to walk back to Edger in order to adjust the specification data for the
next order. Then the operator has to walk back to the Etcher's point to confirm the
beginning of the next order. The distance from Etcher to Edger is 3 meters.

An obvious problem was identified after observing this current work process and after
an interview with the production manager. Since the production line is operated 24
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hours and 7 days and there is only one operator who is accountable for this work
process, and there are always 20 lens lost every time an order ends as the operator has
to walk to Etcher after issuing the specification data of a new batch order at Edger.
Moreover, as mentioned earlier, the identification code is attached on the lens at the
Etcher point which means that 20 lens cannot be reused or re-inputted into the
production line.

Figure 4.1: Layout between Etcher and Edger

3.0 Meter

Source: A Lens Manufacturing

4.2 Existing Production Waste

In order to ensure reliable data about product waste, site observation was conducted.
In the company, there are six production lines. Each production line can roughly
produce 14 work orders a day. The author randomly selected 30 work orders from six
production lines. Based on the observation, it was found that there is a total of 584
lens lost, or 19.47 lens lost per work order. Table 4.1 indicates the number of existing
product waste.
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Table 4.1: The Number of Existing Product Waste
Number of Work Orders
Selected per day
6
Day 1
6
Day 2
6
Day 3
6
Day 4
6
Day 5
30
Total
Average per work order
Source: A Lens Manufacturing
Day

Number of actual
production waste
121 lens
111 lens
111 lens
120 lens
121 lens
584 lens
19.47 lens

4.3 RFID Implementation
In this section, RFID implementation is explored. Generally, there are two types of
RFID tags which are active and passive. The active tag is a tag that requires a battery
to activate the system while a battery is not required for the passive tag. The reading
distance of a passive tag is shorter than an active tag as there is no power supply
internally. The maximum passive tag reading distance is 6 meters while the active tag
reading distance is more than 10 meters. Besides, the passive tag can only store and
read simple data such as product name and identification code because of its small
memory. On the other hand, an active tag has better performance when compared to
the passive tag as it has a bigger memory and more accuracy and reliability in difficult
conditions (www.rfident.org). Nevertheless, the passive tag is more popular than the
active tag as the cost is much lower. Table 4.2 summarizes the active and passive tag
performance.
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Table 4.2: Active and Passive Tag Performance
Details

Passive tag

Active Tag

Life cycle

Depends on a battery

Unlimited life cycle

Reading distance

More than 10 meters

Up to 6 meters

Memory size

Large size

Small size

Reading performance

Store and read complicate

Store and read simple data

data
Reliability

Average cost

Reliable in adverse

Unreliable in adverse

condition such as wet and

condition such wet and

humid

humid

High price (US$ 4 to US$

Low price (US$ 0.05 to US$

20 per tag)

0.25 per tag)

Source: Horns (2004) and www.rfidentora
As a result of this, the passive tag is more suitable to apply in order to solve the
production waste in A Lens Manufacturing. First of all, the distance between Etcher
and Edger is only 3 meters which means that the passive tag can perform effectively
since the passive tag reads distances up to 6 meters. Secondly, there is only simple
data such as the product code, name of product and type of product to be recorded
into the tag. Thirdly, there is uncomplicated condition in the production area.
Fourthly, the cost of a passive tag is cheaper than an active tag. Generally, the passive
tag costs from US$ 0.05 to US$ 0.25 per tag whereas the cost of an active tag is
roughly US$ 4 to US$ 20 per tag.

The suggested steps of RFID implementation have already been described. The road
map of RFID' s implementation can be classified into three key stages. At the
beginning stage is the preparation of implementation. Before implementing this
tracking system, the company should essentially prepare the readiness of human
resource as well as infrastructure support. This means that all staff involved with the
RFID' s system should be trained to understand how to effectively utilize the system,
whereas the company's infrastructure such as IT support should be ready to support
the RFID system.
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The next stage moves to the stage of RFID system's pre-implementation, focusing on
three sub-areas, as follow; (1) selecting a pilot area, (2) investigating the result, and
(3) expand the result. For selecting a pilot area, the company may select one
production line for implementing the RFID system. Then the company should
investigate the result to find out whether the system can truly generate benefits for the
company as expected. If the RFID system can effectively lead to the company's better
performance, the company may attempt to expand the implementation of this system
into other production lines or departments. The pilot test area should be implemented
at least three months before investigating the result.
The final stage is the step of fully integrated implementation of an RFID system. The
company may fully integrate an RFID system into every department in order to
maximize the benefit of this tracking system as well as effective enhance the
company's performance for gaining competitive advantage in the market.
Moreover, financial comparison between types of RFID, new command of the
production line, and expected outcome from forecast data, are described in the
following sections.

4.3.1 Financial Comparison
This section calculates and compares the cost of different types of RFID tags as well
as the cost of RFID implementation.
According to one RFID company in Thailand, the cost of an RFID system consists of
(1) RFID reader full functional standalone, (2) RFID tag, (3) RFID power supply 120
volts, (4) controller box, and (5) RFID cable 3 meters. The passive tag costs US$ 2
per tag while the active tag costs US$ 7.3 per tag. Although the passive tag is
suggested to be used in A Lens Manufacturing the cost of operation is calculated
based on the passive tag. The cost comparison of RFID implementation per
production line can be seen in Table 4.3.
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Table 4.3: The Cost of RFID Implementation per Production Line
Specification

Quantity

1
1. RFID Reader
2. RFID Tag
1
3. RFID Power Supply
1
4. Controller box
1
5. RFID Cable
1
Total
Source: A Lens Manufacturing

Amount Price (US$)
Active Tag Passive Tag
1,993
1,993
7.3
2.0
272
272
1,258
1,258
83
83
3,608
3,613

Table 4.3 shows that the cost of RFID implementation is approximately US$ 3,608.
However, the cost varies according to the number of RFID tags.

4.4 New Command of Production Line

This section presents the new command of the production line. A new command
between Etcher and Edger is proposed in Figure 4.2.

Figure 4.2: New Command between Etcher and Edger
20 lenses

o,

w/o
Edger

0 0

Adjust Edger parameter and
back to release lenses at
Etcher

RFID in lenses

L..,
,..
Source: A Lens Manufacturing
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Reader

The figure 4.2 depicts a new command of production line after implementing the
RFID system. This new work process using the RFID system will be able to notify a
manager that each work order process is started in order to reduce production waste in
the production line. To achieve this objective, the RFID tag will be attached to every
first lens of a new order whereas the RFID reader will be positioned before Edger.
After each order begins to be processed in a production line, the first lens of each
order will be scanned while passing through the RFID reader. The information from
the RFID reader will be visible at the computer, and the parameter at Edger
automatically adjusted, so there is no longer a need for the operator to walk to adjust
parameters at Edger, and we potentially have no production lost.

4.5 Expected Outcome from Forecast data

This section shows the expected financial outcome in of RFID implementation from
year one to year three. The estimated number of work orders in year one to year three
was collected from the interview with the production manager. He mentioned that the
number of work orders usually increases by 5% annually. In year one, the work order
would reach 40,000, and the following year the estimated work order is 42,000. In
year three, 44,000 work orders are expected. The expected financial results of RFID
implementation can be seen in Table 4.5.
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Table 4.4: Total Cost of RFID Implementation
Amount Price (US$)
Total
Specification
Quantity Passive Tag/piece
Year
11,958
1,993
6
Y1 1. RFID Reader
80,000
2
2. RFID Tag
40,000
272
1,632
6
3. RFID Power Supply
7,548
1,258
6
4. Controller box
498
83
5. RFID Cable
6
101,636
Total VI
84.0(8)
2.000
12 RI ID I aLl
W00
Y2
8R.011()
44.1100
1'3 RI 11) LIL
8,0 1
Total 13
273,636
Grand Total
Source: A Lens Manufacturing
Table 4.5: Expected Financial Outcomes of RFID Implementation
Year Forecast
no. of
Work
orders

Total number
of production
waste

778,800
40,000
Y1
817,740
42,000
Y2
44,000
856,680
Y3
2,453,220
Total
126,000
Source: A Lens Manufacturing

Total cost Total cost
of RFID
of
production
waste
(US$)
101,636
2,507,736
84,000
2,633,123
88,000
2,758,510
273,636
7,899,368

Saving
(US$)

Saving
0/0

2,406,100 95.9%
2,549,123 96.8%
2,670,510 96.8%
7,625,732 96.5%

Table 4.5 illustrates the expected result after implementing the RFID system in the
company's production line in the following three years. Initially, the cost of RFID
implementation can be divided into two main areas, including the cost of the RFID
reader and the cost of RFID tags. In the first year of RFID implementation or year
one, the cost of implementation may be higher than the following years since the
RFID devices are first required. Nonetheless, the cost of implementing RFID is still
considerably cheap if compared with the total cost of production waste. In other
words, the company can significantly save up to 95.9% of the total cost of production
waste in the initial year of RFID's implementation. Furthermore, the company saving
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performance from RFID system is expected to increase in the following years since it
does not again incur the cost of RFID devices such as a reader. This means the
company can save approximately up to 96.8% of the total cost of production waste in
year two and year three. Finally, the company is expected to save approximately US$
7,625,732 or 96.5% of the total cost of production waste within 3 years after adopting
RFID' s system.

4.6 Summary

After reviewing and analyzing the data from documents, interview, and site
observation, it can be concluded that the production waste occurs between the two
processes in the production line, which are Etcher and Edger. The problem occurs
frequently at the end of the work order. The data from site observation indicated that
there are approximately 19.47 lenses lost in every work order. Therefore, the RFID
system is then used for resolving the problem by replacing the operator. It is
suggested that he RFID reader be placed at the second point in the production line
(Edger) for identifying the beginning of work order and automatically adjusting the
parameter at Edger which means that the operator no longer needs to walk from
Etcher to Edger. In term of RFID implementation, the author suggested selecting the
appropriate RFID type and then suggested three main stages, which are: (1) preparing
the human capability and infrastructure, (2) selecting the pilot area, and (3) integration
of RFID into the entire operation processes. Also, US$ 7,625,732 is expected to be
saved after three years of RFID implementation.
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CHAPTER V
CONCLUSIONS AND IMPLICATIONS
This final chapter concludes the research report, indicates managerial implications,
and gives recommendation for further research. There are three main sections in this
chapter. It begins with summarizing the critical finding of the research that relates to
the aims and research objectives. The next section provides implications for
managers. Finally, suggestions for future research are indicated.

5.1 Conclusions
This research aims to implement an RFID system to reduce production losses at A
Lens Manufacturing. There are three main objectives of this research which are: (1) to
understand the detailed components and the implementation process of the RFID
system, (2) to develop a plan to implement the RFID system for A Lens
Manufacturing, and (3) to verify possible outcomes of the implementation of the
RFID system. In order to accomplish the research objectives, quantitative and
qualitative approach were employed for gathering data. A document review, face to
face interview, and site observation were the main techniques employed. This section
provides the conclusion of the key findings that can answer the question "How would
the Company implement an RFID system efficiently and effectively?"

From the investigation, the result indicated that the amount of production waste of A
Lens Manufacturing has been increasing significantly relative to the number of work
orders. In the first two quarters of 2010, the company wasted approximately 362,020
lenses which cost US$ 1,165,704. After investigating the cause of the problem, it was
discovered that the root cause occurred from the two main processes in the production
line which are Etcher and Edger. The beginning of a work order needs to be identified
at the Etcher point, and the Edge parameter needs inputting at the Edger point. The
problem occurs because before the ending of a work order, as the operator needs to
move from Etcher to Edger in order to inform Edger regarding the new parameter of
the next order. During the passage back of operator from Edger to Etcher to issue the
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next order, there are approximately 19.47 lenses wasted which means that between the
work orders, the company loses 19.47 lenses per work order. For this reason, an RFID
system was then implemented for resolving this problem.

First of all, the advantages and disadvantages of active and passive tags were defined.
The passive tag is more appropriate that the active for a number of reasons. First of
all, the reading distance of a passive tag covers the distance between Etcher and Edger
which is only 3 meters. Secondly, the cost of ac passive tag is cost effective when
compared to the active tag. Thirdly, since there is no obstacle in term of conditions in
the production area, the passive tag can be used effectively. The final reason is that
there is no complicated data used. After making the decision on the RFID tag, the
financial aspect in terms of a budget was analyzed. The cost of RFID implementation
is US$ 3,608 per production line. Since there are six production lines in the company
the cost of RFID implementation is approximately US$ 101,636. The next step was to
identify the new command of RFID. The RFID tag will be placed on every first lens
of a work order while the RFID reader will be placed beside Edger. Also, the
expected outcome of RFID implementation of A Lens Manufacturing is calculated.
The author also calculated the expected outcome of RFID implantation of A Lens
Manufacturing. In order to calculate the expected saving cost of the RFID project, the
expected total cost of production waste for three years which is US$ 7,899,368 was
deducted by the total cost of RFID which is US$ 273,636. Therefore, the results
revealed that in three years of RFID implementation, the return on investment of this
project is US$ 7,625,732 which is 96.5% of the production waste cost.

5.2 Managerial implications
The implication of this study is mainly for A Lens Manufacturing as well as other
companies, researchers and students who seek to acquire better knowledge regarding
the implementation of the RFID system. Since this research examined the RFID
system as well as initiated the implementation plan of an RFID system in order to
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help the company overcomes a specific problem of production lost, the company can
utilize this research as a guideline to deciding whether the company should adopt this
tracking system for enhancing the company's performance. This research, for
instance, includes a comprehensive description of the RFID system, including a
comparison of advantages and disadvantages between two types of RFID system, how
each component of the system works, the impact of RFID's implementation both
positive and negative as well as budget for implementing the system. This
information, consequently, should be useful for A Lens Manufacturing as well as
other companies who intend to apply the RFID system in order to solve a specific
problem or either for purely enhancing the company's performance.

Additionally, the step-by-step of RFID's implementation provided in this research
should enlighten managers as to how the RFID system works or what problems can be
solved by this system, so that the company clearly understands the whole working
process of the system.

5.3 Recommendations for Future Research

Three areas of investigation are recommended in order to enhance value for future
study. Firstly, further research could examine the utilization of the RFID system in
other processes or production lines. This research only focused on initiating a plan for
adopting the RFID system in two processes of the company's production line.
However, the total processes of this company's production line include 14 stages.
Further study, for this reason, could examine the exploitation of the system in the
entire processes of the production line of this company or other companies or
distribution centers in order to comprehensively discover the richness of the RFID
system.
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