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GLOSSARY

Agile manufacturing: is defined as the capability of surviving and prosuein a
competitive environment of continuous and unpredile change by reacting quickly
and effectively to changing markets, driven by oostr-designed products and

services (Gunasekaran, ed. 2001).

Application Software: is a subclass of computer software that employs the
capabilities of a computer directly and thorougtdya task that the user wishes to
perform (Wikipedia 13, 2008).

Automated Guided Vehicle (AVG): A computer controlled device used to ferry

parts around a manufacturing plant (Toncich, 1995).

Application: A piece of software that runs on a computer sys{@oncich D J, 1992)

Bandwidth: The difference in frequency between the highedtlawest frequency in

a transmission channel (Toncich, 1992)

Broadband: Use of multiple channels over the same mediareiquency division of
the bandwidth (Toncich, 1992).

Business-to-business (B2B)usinesses buy and sell among themselves (Milutnov
and Patricelli, 2002).

Business-to-consumer(B2C): consumers purchase products and services from
businesses (Milutinovic and Patricelli, 2002).

Capacity Management: the function of establishing, measuring, monitgrimand
adjusting limits or levels of capacity in orderewecute all manufacturing schedules.
(Sheikh, 424, APICS dictionary)

Computer Integrated Manufacturing (CIM) : is to provide computer assistance,

control and high level integrated automation at lallels of the manufacturing
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industries, by linking islands of automation intodastributed processing system
(Ranky, 1986).

Computer-aided Design (CAD):is the use of computers to aid in the construction,
modification and evaluation of design, includesdimaare such as processors, graphics
display terminals, keyboards and other ancillaryigaent, and software namely
computer programs for modelling, draughting, malapng and creating the

appropriate data base for the different designg(Mk 1987).

Computer-aided Manufacturing (CAM): use of computers to control production
processes; in particular, the control of machirestand robots in factories. In some
factories, the whole design and production systerautomated by linking CAD to
CAM (Helicon, 2005). The development of CAM techvgy} to automate and
manage machining, tooling, and mold creation witbater speed and accuracy is
intimately linked to the development of CAD techogy (Geng, 2004)

Computer Numerical Control (CNC): A specialised computer control systemd used
to co-ordinate the operation of a machine tool sasta lathe or mill. CNC is also
used for surface-mount technology in electroniod fom sewing machine control in

textiles industries (Toncich, 1995).

Content Access Softwareis used primarily to access content without editibut
may include software to allow content editing. Ssoftware addresses the needs of
individuals and groups to consume digital entertent and published digital content.
Examples include Media players, web browsers, heipwsers, and games
(Wikipedia 13, 2008).

Continuous Replenishment Program (CRP):is an EDI-based ordering system,
aims to match the flow of products to the consumeattual demand yielding
improvements in manufacturing and warehousing #iets/ enables product flow

prediction and inventory management (Monteiro gt2403).

Customer-to-business (C2B):individuals sell goods and services to companies

(Jackson, Harris and Eckersley, 2003).

10
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Customer-to-customers (C2C):ithe sale of goods and services between individuals,

often via auction sites such as Amazon, eBay (dacKkdarris and Eckersley, 2003).

Customer Value:is the customers’ perception of what they wantaweehhappen in a
specific use situation, with the help of a prodand service offering, in order to
accomplish desired purpose or goal (Woodruff andifah 1996).

Customer satisfaction is a customer’s positive or negative feeling altbe value
that was received as a result of using a partioaiganisation’s offering in specific
use situations. This feeling can be a reactionndnamediate use situation or an
“overall” reaction to a series of use situation ex@nces (Woodruff and Gardial,
1996).

Departmental software: is a sub-type of Enterprise software with a foonsmaller
organisations or groups within a large organisatisnch as Travel Expense
Management, and IT Helpdesk (Wikipedia 13, 2008).

Distributed Control System (DCS): is a control system that is used in complex
manufacturing industries, it is an integrated gystbased on the concept of
decentralization. The DCS controls and monitorsuispand outputs to and from
remote terminal units (RTUs). It handles both setjaé and analog control,

implements it and performs operations, e.g. dathegeg, data processing, data
storing, monitoring of operational conditions tee tbperator, trend and analysis of
data, historical record keeping (product/batchkirag), system maintenance from a

single console, reporting of production status iaf@rmation (Girdhar, 2004).

Digital/Distributed Network Architecture: The networking architecture of the
Digital Equipment Corporation (Toncich, 1995)

Distributed or Direct Numerical Control (DNC): can simply refer to a CNC that
can be linked to a host computer for uncheckedrdasfers. DNC can also infer that
a Computer Numerical Control can be remotely cdletioby a host computer,

through a communications protocol. (Toncich,1995)

Electronic business (e-business)s the use of electronic communications networks

to allow organisations to send and receive infoiomat and this transfer of

11
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information can be entirely internal, unlike e-coemee, which typically crosses

organisational boundaries (Slyke and Belanger, 003

Electronic commerce (e-commerce)is broadly defined as an electronic transaction,
the sale or purchase of goods or services, whdtbveen businesses, households,
individuals, governments, and other public or pevarganisations, is conducted over
computer-mediated networks. The goods and servares ordered over those
networks, but the payment and the ultimate deliwdrthe goods or service may be
conducted on or off line (Vickery, 2002).

E-manufacturing: is the vertical (business) and horizontal (supgigin) integration

of systems to ensure the correct disseminatiomfofmation throughout the value-
chain of a business, making use of appropriatentdolyy like the internet to ensure
that real-time accurate information is availableakitdecision points throughout an

organisation and supply chain (Greeff G and GhoBh&004).

Economic order quantity (EOQ): Ford Harris published in 1915 the first formula to
calculate an EOQ to minimize the total of ordernetgpted and inventory carrying

Costs.

Electronic Data Interchange (EDI): is the electronic exchange of business
documents between the computer systems of busipadsers such as banks,
customers, and suppliers, using a mutually agretthdard format over a

communication network (Pitlak, 2002).

Electronic Whiteboard: There are two very different types of interactive
whiteboards: the first is a “virtual” electronic rg@on of a dry-wipe board on a

computer, that enables users to view, write or drasan be found in conferencing
and data sharing systems such as Microsoft NetkigefThe second is a large
physical display panel that can function as annangi whiteboard, a projector screen,
an electronic copy board or as a computer projestogen on which the computer
image can be controlled by touching or writing be surface of the panel instead of
using a mouse or keyboard. This technology allogesrsito write or draw on the

surface, print the image off, save it to computerdistribute it over a network. It

12
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also users to project a computer screen imagetbateurface and then either control
the application by touching the board directly or bsing a special pen. The
computer image can be annotated or drawn overtandrtnotations saved to disc or

emailed to others (TechLearn Briefing, 2001).

Enterprise Software: addresses the needs of organisation processedagandiow,
often in a large distributed environment. Exampieslude Financial, Customer

Relationship Management, and Supply Chain Manage(Wéikipedia 13, 2008).

Enterprise Infrastructure Software: provides common capabilities needed to
support Enterprise Software systems, such as Degap&mail servers, and Network
and Security Management (Wikipedia 13, 2008).

Enterprise Resource Planning (ERP):ERP are software systems for business
management, encompassing modules supporting fumattareas such as planning,
manufacturing, sales, marketing, distribution, aetimg, financial, human resource
management, project management, inventory manadgesenice and maintenance,

transportation and e-business (Hossain, Ed. 2002).

Extensible Markup Language (XML): is an open standard for describing data. It
allows information to be encoded in a meaningful ayet human-interpretable

manner.

Extranets: are business-to-business networks shard by twmare organisations,
which accelerates the pace of business and movetowatd an extra information
economy. This extranet connection provides secutityits business partners,
suppliers or customers. The connection is typicatigde outside of the internet
backbone (Girdha et al, 2004).

Hardware: is used to create, communicate, compute, modifgigplay information
(OTP, 1985).

Industrial Robot (IR): IR is a programmable machine that is used to prams
objects around the manufacturing workspace. An raatic servo-controlled
reprogrammable multifunction manipulator having tiplé axes, capable of handling

materials, parts, tools or specialised devicesutjinovariable programmed operations

13
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for the performance of a variety of tasks. (intéioral standards organisation 1SO.
Cited Williams)

Information Worker Software: addresses the needs of individuals to create and
management information, often for individual prageavithin a department, in
contrast to enterprise management. Examples inclie management, resource
management, documentation tools, analytical anthloaative. Word processors,
spreadsheets, email and blog clients, personalniation system, and individual

media editors may aid in multiple information warkasks (Wikipedia 13, 2008).

Information Technology (IT): is the study, design, development, implementation,
support or management of computer-based informatystems, particularly software
applications and computer hardware. IT deals whth use of electronic computers
and computer software to convert, store, proteocbcgss, transmit and retrieve
information, securely. IT has ballooned to encorepaany aspects of computing and
technology, in general, IT describes any technolbgy helps to produce, manipulate,

store, communicate, and/or disseminate informadikipedia 14, 2008).

Information System (IS): uses data to create information and knowledgessist in
operational, management, and strategic organiztidecision making. It is also an
umbrella term for computer information systems, ag@ment information systems,

and information technology. (Scime, 2005a)

Intranets: a self-contained, internal network within an orgation. Internets offer
the means to be used as a business or organigdtiohasing the standard protocols
of the internet (TCP/IP) and applying it to indival organisational requirements
(Girdhar, 2004).

Local Area Network (LAN): A privately owned network, offering reliable high-

speed communications channels for connecting irdtion processing equipment

over a limited region (Toncich, 1995).

Legacy Application: inherited application, usually an old one that remsa large
minicomputer or mainframe, and that may be too irgmd to scrap or too expensive

14
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to change. ‘Legacy’ implies that such applicatians valuable and should be looked
after (helicon, 2005).

Legacy System:old, in-house, back-room, pre-internet, corporat@guting systems.
Legacy systems have to be overhauled so that a ayigpfront- and back-room
operations can integrate seamlessly with the istemnd internet applications
(Helicon, 2005).

Local Area Networks (LANs): LAN is the smallest network, which is usually
contained in one office or building or small groap buildings. LANs have high

speed, low error rates and they are inexpensiveif{2004).

Metropolitan Area Network (MAN): MAN is a large network that can include one

or more LANSs to interconnection organisations sgrezer a town or city.

Minitel: is a Videotext online service accessible throughtdiephone lines, and is
considered one of the world’s most successful poeliWide Web online services.

Users could make online purchases, make train vasens, check stock prices,

search the telephone directory, and chat in aaimiay to that now made possible by
the internet (Wikipedia 15, 2008).

Numerical Controller (NC): it contains an operating system, program editind a

storage facilities (Toncich, 1995).

Operational Flexibility: is the ability of the organisation/business nettorchange
the volume, mix and kind of activities based orciisrent structures (Monteiro et al.,
2003)

Podcasting:is method of publishing audio programs via therinét, allowing users
to subscribe to a feed of new files, a series gital-media files which are distributed
over the internet using syndication feeds for péapkbon portable media players and
computers (Wikipedia 16, 2008).

Product Engineering Software: is used in developing hardware and software

products. This includes computer aided design (GADnputer aided engineering

15
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(CAE), computer language editing and compiling $pahtegrated development

environments, and application programmer interféadspedia 13, 2008).

Programmable Logic Controller (PLC): is a digitally operating electronic
apparatus which uses a programmable memory fantemal storage of instructions
by implementing specific functions such as logiquencing, timing, counting and
arithmetic to control, through digital or analogut/ouput modules, various types of
machines or processes national electrical manufagtassociation (NEMA). The
PLC is a computer used in process industries fatrobing electromagnetic devices
(Girdhar, 2004).

Qualitative Research is based on phenomenological position to geneedbmine
people’s words and actions in narrative or deseepivays more closely representing

the situation as experienced by the particip@visykut and Morehouse, 1994).

Software: is to provide data, knowledge, or programs whidh sets of instructions
for directing or controlling that hardware in itssks to make the hardware do useful
things (OTP, 1985).

Six Sigma is a statistical measure of the performance pfaxess or a product, a
goal that reaches near perfection for performarmo@ravement, a system of
management to achieve lasting business leaderstdpwarld-class performance
(Pande, 2001).

Structural Flexibility: is the capability to adapt or transform the curstnicture or
workflow of activities. At the interorganisationldvel, the structure of a network
refers to the overall pattern of relationships.rnBfarming current structure could thus

mean, creating new partnerships or dismantlingpakes (Monteiro et al., 2003).

Strategic Flexibility: the most radical type of flexibility and could irdve
fundamental renovation of activities, products, andanisational structures. It also
revolves around the ability to identify market werbefore competitors and to make

appropriate changes to synchronise production @éthand (Monteiro et al., 2003).

Telecommunications:is the science and technology of communicatiorss distance

by electronic transmission of impulses, such astddggraph, telephone, radio or

16
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television. It is the foundation for the Internetdaall of the emerging activities

surrounding the Internet's activities (ISD).

Total Quality Management (TQM): is the integration of all functions and pesses
within an organisation in order to achieve contimsiamprovement of the quality of

goods and services. The goal is customer satisfa@i®oss, 1999).

Vendor Managed Inventory (VMI): is a collaborative strategy between a customer
and supplier to optimise the availability of prothuat a minimal cost to the two
companies. The supplier takes the responsibilitytie operational management of
the inventory within a mutually agreed frameworkpefrformance targets which are
constantly monitored and updated to create an e@mwient of continuous

improvement (Researchers at Cardiff Business s¢cBadly, 2005).

Webcasting:is a live video or audio broadcast over the interaaiser can receive a

webcast without any specialist software (CCS, 2008)

Wide Area Network (WAN): WAN is interconnections of any number of LANs and
MANSs that connects geographically separated akeifis,low speed when compared

with LANs and MANSs. The internet can be thoughtasfthe largest WAN, it covers

the entire globe (Karris, 2004).

Web Accessibility: Any person, regardless of disabilities, is able uge web

technology without encountering any barriers (BeckR605a).

Web Advertising: Advertising through banners, sponsorships, intks)
hyperlinks, and pop-up and pop-under windows in itlternet media (Gao et al.,
2006)

Web Application: An application that presents the characteristiat the issues of
both hypermedia applications and traditional agpions, has the navigational issues

of websites joint to the traditional operation issiPaiano, 2005)

Web Client: A software program (browser) that is used to cdnéand obtain data

from a server software program on another comtherserver). (Nasraoui, 2005)

17
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Web Collaboration: A particular use of a virtual space where people connect
together in a certain number and perform synchren@ctivities such as
communication (text, audio, and video), pollinglaying, and share or work
together on any kind of digital content displayed a common interface. (Agosti,
2005)

Web Enabled: Business systems that are supported by interoenhttogies. (Braun,
2006)

Web Server. is a 24-hour, 7 days a week communication apjticathat works
something like an automated telephone switchbdandaits for requests placed by
people using web browsers asking for web pages.e@neequest is made by a
browser, the server returns to the client—if it clamd it—the requested page
(Darlington, 2005).

18
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ABSTRACT

New approaches to the development of manufactgirajegies based on improved
supply chain performance have made great progiéss.research is undertaken to
investigate the use of the internet and web teduied to enhance supply chain
agility so the manufacturer is able to cope withkeito-order processing without
facing a panic of late delivery.

E-manufacturing is a recent concept developed toeme higher levels of supply

chain integration and agility with the help of timernet. Its scope is greater than e-
business and the supply chain. The use of thenetetio optimise the customer-

oriented supply chain, the use of the website forenthan e-commerce known as
buying and selling, these developments are immature

As a result of a review of the literature and eigase studies, this research develops
close-up views on the following three aspects thedd to the successful
implementation of e-manufacturing in Business tsiBess (B2B) and Business to
Customers (B2C): (1) Requirement specification; K2pdules development; (3)
Implementation methodology. The implementation eha&nufacturing enables the
manufacturer to tie up with its supply chain exigtpartners and potential partners as
an entity toward the same objectives, and bringxitnam benefits to each
participant. The fulfilment of web technologies ates web surroundings which
provide the small company with an opportunity to ibgolved with the large
enterprise’s e-commerce systems.
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THESIS STRUCTURE

Based on the manufacturing perspective, this tiveagswritten in an effort to outline
basic approaches to developing e-manufacturing 2B Bind B2C. This thesis
comprises eight chapters which specify the whobe@ss of this research and address

the research issues. Each chapter contains sewbdivisions.

Chapter One, E-manufacturing Era, introduces thekdraund of this research,
provides the definition of e-manufacturing and ifles the problems that this
research is going to address. It also sets oudithe and objectives of the research,
and finally outlines an overview of the researchthudology which will be adopted

to complete this project.

Chapter Two, Manufacturing Development, tracks hiigtory of the evolvement of

the manufacturing industry since the late of"16entury, which covers the

development of manufacturing systems and strategies the past decades. This
chapter delivers a comprehensive review of howntla@ufacturing industry has been
developed.

Chapter Three, Literature Review, discusses figeail the internet in business and
the strategies of the implementation of e-manufagguthat have been suggested by

other researchers.

Chapter Four, Methodology, introduces the fittstigategies and approaches that led
to the successful achievement of this resear@mifthasises the importance of setting
up right research questions at the early stageshwimelped the researcher focusing
on the objectives.

Chapter Five, Collecting Primary Data, describesatwine major techniques were
used to collect data. Questionnaire design was ioved. The brief background of
eight case companies was provided separately. atacollected via site visits,

interviews and observation of these eight companies
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Chapter Six, Finding and Analysiggports on the extracts of findings of the case
studies and the survey, provides the analysisimgldd the research questions. The
discussion recaps how manufacturers have appliedinternet to the aspects of
manufacturing and business processes. The experiand knowledge acquired
through the case studies and the survey indicaergquirements needed for the

successful implementation of e-manufacturing.

Chapter Seven, Novel Avenues to E-manufacturithgyelops close-up views on the
following three aspects that lead to the successiplementation of e-manufacturing:
(1) Requirement specification; (2) Modules develepm (3) Implementation

methodology

Chapter Eight, Conclusions and Recommendatidesptesthe end of this thesis
with the final conclusion of the research and afbdiscussion of limitations and
future research. The conclusion summarizes whatebearch objectives have been

achieved and what the research has contributdwthrtowledge.
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CHAPTER ONE: E-MANUFACTURING ERA

Chapter One Obijectives:
» The background of this research
* The objectives of this research

* The deliverables of this research

This chapter begins with a description of the mapressures that have been
weighing on the 21st century’s manufacturers. Itegoon to introduce e-

manufacturing, the needs and opportunities of tmglémentation of e-manufacturing,
and how this research is going to address problehie chapter then goes on to
identify several research questions and to setthataim and objectives of the
research programme and its scope. The methodotwgé¢ research is drawn at the
end.

1.1 Manufacturing in the 21" Century

“The value age is creating a new set of expectaiolVith nearly everyone used to
getting more for less, price pressures, better smvand improved value

propositions are beginning to impact nearly evengustry?”

-- William Belgard (2004)

The manufacturing industry continues to change @exklop the ways it conducts
businesses and the technologies it implementsc®hstant stream of innovations in
technologies, new products and services has resultéhe product life cycle getting
shorter, as well as higher levels of customer egben. For instance, the
combination of automated ordering systems (telephtax, and, most important, the
internet) allows companies to serve customers inm ways that add convenience,
quality, customization and service against timee@akd, 2004). Demand for
specialised products started to take hold at thlginbang of 1950s. Not only are

products more specialised, but they also have dingroduct life cycles (Hobbs,
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2003). As companies become larger and internatiah& number of worldwide
products and services has been increasingly growimgre and more products
integrate components originating from different wwies for the best price (Cunha
and Cruz, 2006). Nowadays, competition is not dimyted to product quality and
price, it also encompasses delivery, product difiéation and great services.
Manufacturing has been moving away from a conveatidmake to stock” situation
toward a “make to order” ethos, where customizatsoreplacing standardization to
fit in with the customer-oriented market (Adam, 2804). Under such circumstances,
there are three concerns which manufacturers nedddp in mind: (1) Broader
Perspective; (2) Win-Win Strategy; (3) Informatisthe Key.

1.1.1Broader Perspective

Carreira (2005) asserts there are certain stepsreelqto make a particular product,
and everyone does them the same way: purchasintjddieequipment and facilities,

hiring and training qualified people, and purchgsthe raw materials required to
make a product, but might not necessarily achiéve same result. According to
Carreira (2005), the difference appears to beemtlanufacturing techniqgue — how to
manage and balance people, materials, and macHihissthought was based on the
improvement of internal relationships and actigtiels it good enough for

manufacturers to be able to survive today anderfukure? In fact, manufacturers do
not exist in a vacuum. Every manufacturer has tal eath the internal pressures
from day-to-day operations, and also those oufsidesures including micro-external
environments like suppliers, distributors, custsneicompetitors and other
fellowships, and macro- external environments saagpolitical, economic and socio-
cultural factors. These external factors are natrotled by manufacturers, but they
could inhibit manufacturers growing successfulljhefiefore, manufacturers should
endeavour to develop relationships with all tiefssoppliers and customers, and
enlarge their capabilities to be able to anticighee external uncertain surrounding.
The decision-making processes should take into iderstion both internal and

external impacts as shown in figure 1.0.
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Figure 1.0 Manufacturers’ broader perspective

Manufacturer broader perspective fits into the epof extended enterprise which
brings together all members of a value network waykoward a common goal or
opportunity by integration of the organisation’dezral networks into internal value

chains to yield new value configuration (Ranganathial., 2004).

1.1.2 Win-Win Strategy

The growth of the international market gives buyame choice and brings domestic
manufacturing undemore pressure. The widely accepted internet alszatbns to
introduce new competitors and new products into deenestic market. Buyer
awareness of marketing activities and expectatiminbetter value have escalated
dramatically. They know more, want more, get mard then will ask for more next

time. As the customer becomes sophisticated andrame, the market is getting
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volatile and unpredictable (Woodruff and GardiaQ9é). There has been a
fundamental shift in power between sellers and [muyeis worse than just customers
with higher expectations though (Piercy, 2002). giard against a buyer turning
away to other competitors, it should be one offherities for managers to have a
clear understanding of the value on which buyetmt@ew and Westbrook, 2004).
There may well be a range of definitions of ‘cuséwnvalue’ as the customers’
expectations for value vary from one market segntenainother (Gattorna and
Walters, 1996). If a company understands individadie, ways usually are found to
deliver that value to customers’ satisfaction (Wuodidand Gardial, 1996).

From the customer's perspective, their satisfactoay be based on whether
manufacturers fit in with their preferences for gwots’ quality, design, function,
brand name, price and service. If a manufactuiitarsaindividual customer’s needs
to their satisfaction, it creates the foundatiowugtomer loyalty. The more customers
experience surprise, delight, and other positivetems, the higher they are satisfied
(Oliver, 1997). Customers total experience withrenufacturer will determine their
loyalty, thus, everything that touches the customeist work together to produce
customer value (Gattorna, Ed. 2003). There is aveageed for a new buyer to spend
time on searching products and corporations’ infdiom. Facilities for capturing
enough information and knowledge will assist cugmnto search out the right
manufacturer over the comparisons. When they apprdlae manufacturer, if the
manufacturer is responsive, customers will be &blexplain their need and expect a
solution, if the manufacturer is not responsives dustomer has to keep searching

until an appropriate solution is found (Davis andrivbdt, 1996).

From the manufacturer’'s perspective, their satisfacmay build upon a ratio of
profits to investment. The more profits they obtainm transactions, the more cost
they save from operations, the more margins they gaén from the investment, and
then increased satisfaction would be gained. Talcsizategies, flexible management
and advanced technologies support manufacturggsrform well leading to gain the

maximal profits.
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However, there are often conflicts between a mantufar and its buyers. Figure 1.1
was drawn to illustrate the leverage of a manufactand its customers. The balance
point is where these two parties can both beneft from the transaction based on

their own merits and trust relationships.

Maximal Satisfaction | Maximal Satisfaction

ol
% >

-

Brand Name
Customization i Cotst :
Convenience nvesimen
Delivery Market share
Design Communication PrOdu_Ct.
Function Productivity
Price Profi_t
Quality & Quantity
Service = 2 Standardization
o
Customer Manufacturer
Value Struggle

Internet website ﬁ ﬁ D

Knowledge Information Strategy Management Technology

Figure 1.1 Conflicts between Buyer’s satisfactionl &eller’s satisfaction

1.1.3 Information Is the Key

Obviously, figure 1.1 is a sensitive swinging lewdrere balance is not always stable.
Once elements that make up of both satisfactioasnat met, the balance will be
destroyed. Usually, the buyer and the seller hafferent interests, and most of all
have conflicting objectives. When the manufactaes as a seller, an understanding
of how customers define value becomes the guidangef for the manufacturer to

determine what should be improved and deliveredtlher words, a manufacturers’
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superior value delivery starts with information rfrocustomers (Woodruff and
Gardial, 1996).

In the fast changing world, what we all have to pete is rich in information—but
information owned by the customer (Piercy, 2002he Tdegree of imperfect
information sharing between the buyer and selleratens to create barriers for future
business (Heinrich and Betts, 2003). It is necgdsacreate information networks for
clear and unambiguous communication to allow seppland customers to realise the
maximum amount of synergy from their relationshifeWw & Westbrook, 2004).
Efficient communication networks must allow direectd two-way communication to
avoid information from being missed out and migiptetation. Direct two-way
communication allows manufacturers to clearly ustéerd how customers define
their value real time and then to provide a setsefvices to precisely satisfy
customers and solve customers problems; On the b#rel, it also gives customers
opportunities to tell manufacturers what they aesied for, this will help in new
product development. In addition, if a manufactuiercustomer- responsive and
effectively meeting customers’ needs, it will inese customers’ trust and reliance on
the manufacturer. When they have a need, theycwitie back to that manufacturer
first. By creating customers’ expectations of valoeeach individual customer, the
manufacturer has given rise to increase strongioakhips with customers that is

more than a one-time business (Davis and Manr@&6)L

Incidentally, customer-responsive activities started in the 1380sustomisation was
increasingly asked for by customers for their indliial needs and solutions (Fleming,
2004). A customer-responsive manufacturer develapgrocess which allows
interaction with each individual customer one-te@da define their individual needs
and coordinate deliveries of customized solutioaseach of them (Davis and
Manrodt, 1996; Fleming, 2004). This philosophy isirket-driven which creates
value for customers through listening to them amakimg what they need. It is
different from a product-driven philosophy whichmsi to maximize company profit
via value-added and cost saving. The concept aymtedriven focuses on the best
way to deliver their offering to customers basedtlwgir perspectives rather than on

customers perspectives (Davis and Manrodt, 1996).
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In conclusion, to be customer-oriented, it is caliy important to build upon open
communication networks that are powerful and capaiol enable rapid direct
communication among trading partners so as to entfrlely customer-response
(Raisch, 2000). When such networking is enabledegpond to each individual

customer needs, the greater the value createdntie delighted the customer, and
the more delighted the customer, the greater thedibhg between customer and
manufacturer (Davis and Manrodt, 1996). Fluent cemication channels both

within the manufacturing organisation and towargpdiers and customers appear to
be the lifeblood of successful manufacturers. Esgflgc when more products and
services become commodities, it will force manufests to focus competitive

differentiations on the effectiveness of custometeriactions and the depth of
customer intimacy (Aberdeen Group, 2000). Bettemmanication will result in

better understanding so the conflicts between aufaaturer and a customer can be
quickly eliminated, and their satisfaction can beimtained and a trusting relationship

can be developed.

1.2 Promising Strategy E-manufacturing

Fundamentally, there are two ways to compete imlegs: offer low prices or unique
product/service. Offering low prices it has anaattion to customers, but, it is a bit

more challenging for a manufacturer to do so to ¢ja¢ profit (Boyer et al, 2004).

Over the past decades, various approaches to reshste have been undertaken.
Figure 1.2 illustrates the outstanding manufactustrategies and systems that have

been applied to reduce costs in manufacturing.
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Figure 1.2 Practical applications for manufacturiegst leadership

It was not hard to find savings from better purchasingd sourcing, logistics, storage,
product delivery, and management of inventory,volsén manufacturers tried to find
more saving, when there is not much left to cutfroperating costs, most efforts
began to deliver fewer returns (Poirier, 2003). Witbe environment changes,
opportunities and impacts will force manufacturiegmodernise, the strategies and
techniques that performed well in the past migtitbeable to solve the problems of
the modern era. It is always a right question tovalsat strategy should be abandoned,
what should be still used and what should be dgeslo Contemporary
manufacturing is looking for methods of handlinégpnrmation instead of the outworn
methods of driving machinery to move forward busses (Schurr, 1990). E-
manufacturing appears to be an novel means fordfédlenge by the use of the

internet and e-business technologies to carry loeitréange of online manufacturing
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activities which cover all aspects of manufacturimgluding sales, marketing,
customer service, new product development, procengmsupplier relationships,
logistics, manufacturing, and strategy developme(@heshire Henbury’'s

manufacturing, 2005).

1.2.1 What is E-manufacturing?

There are several perspectives of the e-manufacturingeqinhave been adopted.
One of the popular definitions is provided by Gfégfand Ghoshal R (2004) implies
e-manufacturing is a transformation system thatksamanufacturers to achieve

information flows seamless:

E-manufacturing is the vertical (business) and honmital (supply-chain) integration
of systems to ensure the correct disseminatiomfofmation throughout the value-
chain of a business, making use of appropriaterteldgy like the internet to ensure
that real-time accurate information is available @t decision points throughout an

organisation and supply chain.

This definition of e-manufacturing emphasises two “lEralents:

(1) Internet: is embedded into the company’s ITtays for the achievement of
interconnection, openness and transparency ofnr@ton sharing across functional
boundaries and geographical boundaries. The irttgmuvides users with an easy
instant access to a wide range of informationeheagates and disseminates a wealth

of real-time information throughout the manufaatgrsupply chains.

(2) Integration: is the essential strategy whichas new to manufacturers. With the
help of the internet, e-manufacturing reemphadisesntegration of the disparate IT
systems to meet the challenge of cross-functionaldination and cross-enterprise

coordination for creating the well-integrated sypgtain.

E-manufacturing is more than just e-business. AMRdarch (2005) clarifies that the
core of an e-manufacturing strategy is about thkrtelogy roadmap for information
transparency between the customer, manufacturiegatipns and suppliers; an e-

manufacturing strategy takes e-business processes as build-to-order and
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reliability centred maintenance, associated with &business and manufacturing
strategies to create a roadmap for systems develapend implementation in the

plant.

The use of the internet in businesses creates greaketiay opportunities for
manufacturers, but also enables value-added ane-cabated benefits to customers
with advantages. It provides Small and Medium FEises (SMEs) with the
opportunity to be involved in larger enterprises@nmerce systems. Manufacturing
production realization encompasses a wide rangeaabivities, from materials
sourcing, purchasing and handling, to producti@nping, controlling and producing,
and then to warehousing, distribution and the esdrau E-manufacturing is to
accomplish a complete integration of all the eletmeand all the activities of a
business, with connectivity and intelligence brdulgh the web-enabled and tether-
free (wireless, web, etc.) technologies and irgefit application software to meet the
demands of e-business/e-commerce practices (Zuraedsk2005). For further details

of e-business and e-commerce refer to Chapter Two.

E-manufacturing can be understood as a kind ofnerinanufacturing which is
visible to suppliers, manufacturers themselvestotosrs and transportation so that
they can take part in manufacturing activities bgywof collaboration (Jiang, ed.
2007). Apparently, e-manufacturing is to use therimet to reshape manufacturing
supply chains and create a highly integrated agHtiflexible system that provides
a holistic view of the entire enterprise, up, dowamd sideways (Rockwell
Automation, 2000). The successful implementatior-ohanufacturing will result in
the elimination of any isolating mechanism to easoranufacturing supply chains
and information flow networks seamless connectiamg] that will lead to materials
and goods, data and information, and transactia@iagbhandled efficiently and

effectively without any unnecessary stop.

The following subsections will separately supply a bigroduction to the internet,
telecommunication, and information and communicatiechnology (ICT). The
internet telecommunication and ICT are interdependent atatantional. They make

concerted effort for fast and easy communicatiod data sharing world wide.
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Communication and information transfer barriersimie, distance and cost have been

overcome. The result advances the accomplishmesnhwdnufacturing.

1.2.1.1 Internet, Web and Computer Network

The internet isa worldwide computer network, in which any compaiierthe world
can be connected together, ready to communicatee®ith other within a second; in
which end users are permitted to access to anyodimer connected devices such as a
printer, etc.(Griffiths, R. T., 2002). A computer network isrpeived by Bocij et al
(1999) asa communications system that links two or more ctenp and peripheral
devices and enables transfer of data between thepooents According to their
scale, computer networks are widely categorizedhtee main types: local-area
networks (LANs), metropolitan area network (MAN)dawide area network (WAN)
(Karris, 2004).

Computers enable people to do complicated calomstiaccumulate and retrieve
data, and do many other things effectively andcefitly, but they are limited
without a media network. Since the 1990s, wheroeld Wide Web (the web) and
the web browser were released, this revolution ashputer networks has brought
remarkable achievements in communications of thbeaecement of speed and
capabilities with lower cost or without cost. Wedchnologies use a new set of
standards and technologies that allow organisatimndocate and disseminate
information in a standard, user-friendly manneroasra variety of incompatible
technical platforms and across geographical boueslaenabling other applications
to communicate through its interface regardlesgrogramming language, hardware
platform, or operating system (Bussler et al. EB8Q2, Scheepers and Rose, 2001,
citing by Castells, 1996). In practice, web teclog@s brought network technologies
to a further advanced stage where video, soundjndents and almost any other type
of data can be transferred and stored over competerorks, and are available to all
sizes of organisation, irrespective of whether timégnd to possess their own website
(Stroud, 1999). Because of the flexibility of thedium and ease of use, the web has
quickly become the most popular part of the interfidelson, 2000). Web-based
applications and the content and services proviethem are sometimes viewed as

synonymous with the internet; however, the interigeta more general-purpose
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network over which the web is layered (NRC, 20009. be simplified, this thesis

considers the internet and the web as interchateyeab

Becauseof the functionality, easy use and low cost, the uk¢he internet has
expanded from first applying to military sites, th® education, and now to being
extensively used in both the corporate and theafgiworld, especially being used in
almost every aspect of business. How the intersetised in the manufacturing
industry will be discussed in Chapter two. Howeveére internet can not be so
popular without counting on telecommunication ar@dT.l The integration of

telecommunication and the internet deliver a pnmethod of communications.

1.2.1.2 Telecommunication

The term telecommunication, according to the Infation Services Board (ISDis
the science and technology of communications at istate by electronic
transmission of impulses, such as by telegrapapteine, radio or televisiofit is the
foundation for the internet and all of the emergiagtivities surrounding the

internet's activities.

Sincethe famous "first message"--“What Hath God Wroug@s sent over the 40-
mile line from Washington to Baltimore on May 24344, the electric telegraph
enabled early telecommunication technologies toquen distance based on
electronic signals (Pool, 1990). The invention loé telephone allowed interactive
voice conversations instantly over great distamcesmade two-way communication
over distances possible for the first time. A naBo telecommunications
infrastructure is vital in maintaining a good bwsia climate, the ability of
telecommunications provides an efficient, interoaaily competitive network for
transferring information has significant implicat®for trade and economic growth
(Maddock, 1995). Orders can be made immediately the phone, and the invoice
can be faxed to the overseas company in just coopieites regardless of the

expensive international call.
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1.2.1.3 Information and Communication Technology €T)

Since the first freely programmable computer Z1 wesated by Konrad Zuse in
1936, the powerful computer had been developecetaded in telecommunications
(Urs, V.B, 2000). In 1960, Bell Laboratories intdl the world’s first telephone
exchange based on a stored program computer, imid\idtinois, USA (Aronsson,
2005).ICT is the fusion of computers and telecommuniceticAdvances in ICT have
progressively reduced the cost and time of manaigiimgmation, but also is a means
of obtaining education, information, and workingatively with others irrespective
of geographical barriers (Mobbs P 200&)d brought innovations in products design
and operation processes. Today, telecommunicatomdirmly based on computer
technology, fundamentally dependent on the inte(S#toud, 1999). International
telephone calls are increasingly made throughrttegnet’s network of networks, and
television and radio are broadcast via the intert@T is a key feature in the
explosion of the internet and the web which arelengol and exploited to enhance
communication and information exchange between rasgdions and individuals
(Morgan, et. al., 2006). The higher the telecommations bandwidth speed is, the

sooner the business user will get the informatinoplewski, 2002).

The communication industry is committed to develop n@ehnologies for easy
access to the internet with high speed, low codt emlarged capability. The third-
generation (3G) wireless networks which use a reiorcommunication technology
have achieved high-speed mobile access to thenetteThis 3G technology is all
about high-speed, multimedia, intelligence, coneroé and it achieves the promise
of always-on access internet anytime and anywherthe near future, when beyond
4G mobile or follow-on technologies are developedlt tshould largely enhance and
extend mobility in many areas, and will link comygnof the world in an even wider
network. Wireless technologies have extended waiset (telephone, cable television,
and computer network) systems’ capabilities: makimapile communication possible,
dramatically reshaping the communication, providsegple with new, efficient, cost
effective and more flexible ways to access infoioraand communicate with each
other; today wireless technologies include radio #hevision broadcasting, satellites,

cellular and other mobile telephone, and a varadtylata communication systems
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(OTA, 1995). These advanced technologies are nalelwiapplied to businesses and

allow users to access applications and data fromaaation.

1.2.2 Needs an@pportunities in E-manufacturing

As competition increases, manufacturers are stiuggto maintain profits and
increase market share, meanwhile, manufacturerse baen trying all means to:
reduce inventory, shorten lead time, increase mibdty, improve quality, develop
new products and new services, consolidate collmor with suppliers and
customers, or be flexible and change ahead to pteneertainty. To accomplish one
or many of the above results, some managers relynfmmmation technology to
achieve shop floor automation; some managers enzghas flexible and lean
manufacturing strategies; some make efforts onstigply chain networks for the
consolidation of relationship with suppliers and tmprovement of customer service;

and some use e-business to develop market-oriéneted

The first wave of supply chain-related internet laggions focused mostly on
automation of internal work flow (including ERP tss) and procurement-related
transactional activity, such as placing catalogsmerand buying goods and services;
the second wave of the development relates to ‘apufacturing” — the marriage of
the digital factory and the internet (Davis andi@pan, 2003).

This research advocates that e-manufacturing Isrity the manufacturer together
with its suppliers and customers as a whole congemntight control condition via

the internet, to achieve a combination of cost/lijyadelivery and performance that
delivers the maximal benefits to each party. Asitiygortance of communication and
understanding between buyers and sellers descaibevk, this research is to apply e-
manufacturing to deliver advanced web-based Infaomalow Network (IFN) that

ensures information consistency, transparency amdhsonisation over boundary
barriers so that effective and efficient responsdss can be fulfilled and then to
propel physical material flows. Currently, manutastg IFN is lacking in the

aforesaid capabilities. There are some typicalrabsbns shown below that stand in

the way of information flowing freely and efficiéyt
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1. Legacy systems lack of flexibility, simplicibdaesponsivity

Legacy systems are those old, in-house, back-rpogrinternet, corporate computing
systems. They are a hangover from the pre-intdsasiness world (Helicon, 2005).
Legacy systems are large with hundreds of thousands/en millions of lines of

codes, written in legacy languages and are bwliradt a legacy environment (Yang,
2002). As a huge investment in legacy systems wadenworldwide, it is a well-

known fact that some legacy systems have not beyg@aaged or upgraded (Helicon,
2005).

Examples of legacy systems are Manufacturing Exacystems (MES), Material
Requirements Planning (MRP) and Manufacturing ResowPlanning (MRPII).
These systems have dramatically improved shop fiperation, but legacy systems
share the same problems: they are autonomous ardtepndependently with little
or no interface with other applications, data hasbe manually updated and
consolidated. This results in the data lack of ®tescy along manufacturing supply
chains (Yang, 2002).

The inherent limitations hamper these legacy systémnsatisfy today’s business
climate in which customers are demanding customzatspecifications and
engineering changes frequently and suddenly wighier shorter lead-times. MRP is
the earlier computerized application for the plagnof materials acquisition and
production, which is still widely used by today’sanufacturers. The system has strict
discipline requirements in input and reference ,dagfficiency data processing, and
fixed lead times regardless of the inventory ledMdRP does not consider fluctuations
in production time caused by machine downtime,aust requirement changes; has
no responsive ability to re-evaluate a given sclee@@han et. al, 1999). In point of
fact, MRP and its further evolvement known as MR&lstems are typical ‘push’
systems which gratify manufacturing “make to stockhdition. The production of a
certain product is pushed from one operation tanthd regardless the real demand or
the request pulled by the buyer. Consequentlypliening and material procurement

process is too slow to respond to unexpected ch@idadge and Betts, 1995).
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2. Lack of a complete integral enterprise-wide y$tem

Enterpriseresource planning (ERP) is a generic term for iategl systems, which
supersedes MRP/MRPII to be the central repository dll of an organisation’s
information. With the goal of being the single mtated information system across
the enterprise, ERP systems eliminate complex, restpe interfaces between
computer systems, and enable detection and elimimat process level redundancies
(Teltumbde, 2000). In practice, ERP has shown éfeats in integrating with plant
system such as maintenance, unexpected shutdowhsaaiability of supply and
demand, also has problems with cross communicatietween different ERP
packages and databases (Rockwell Automation, 200&g. aim of supply chain
management (SCM) is to manage the total flow dianoel from the earliest supplier
of raw materials to the ultimate customer, and beyancluding the disposal process
(Copper et al., 1997), but the supply chain alsedanadequate linkage with ERP,
MES and Enterprise Asset Management (EAM) (Koc MIgt2003).

3. Lack of affording the opportunity to SMEs

To date, most small and medium enterprises (SMiitk)edy on telephone, email and
fax to carry out their business communications.hédligh the idea of electronic
commerce has been around for more than three dec#ue use of e-commerce
between a large enterprise and a SME has not réagheast extent as some
applications are limited to large enterprises. Gme@mple is Electronic Data
Interchange (EDI) which is the first e-commerce lmppion of standardised
electronic transaction between trading companiedjrsd two-way process for
speeding up consignments. In contrast to the isarga numbers of large
organisations deploying this application, many SME can not afford to purchase
EDI which requires the high expense of implementihg software, service and
maintenance (IAC, 2001), hence a high number afsaetions are required to
warrant the investment in acquiring (Stroud, 199@bviously, placing such
application is out of reach of many SMESs’ financsuation. Stefansson (2001)
points out that EDI is a solution made by the lazgmpanies for the large companies

themselves, while SMEs do not have the opportunifgin the society.
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SMEs contribute largely to national economies around wheld; generally, SMEs
constitute around 95 per cent of enterprises ifediht countries (Davidrajuh, 2003).
For those small buyers who can not afford EDI, rthwequiries about product and
price, placing orders, and tracking orders haveetdandled via phone, fax or email
to manufacturers or to the middlemen such as bigor or retailers. If SMEs are out
of this society, in fact, large companies that B84 do not realize the full potential
benefits because many of their small business @artdo not use EDI (Stefansson,
2001). They will still need to employ a group olesarepresentatives to manually
take orders, and then manually put the data intd. HDe consequences are that
administration cost and time are not significamédguced, automated order processes
can not be accomplished, and lack of the horizantefration with small customers

for collaborative planning levels.

4. Lack of transparent communication viaduct owesibess boundaries

The traditional supply chain emphasizes long-tetable relationships with the few
important business partners. Mamanufacturers heavily rely on middlemen to sell
their products, and some even employ middlemeratoy@ut customer service. As
manufacturers do not directly communicate and iaféil with the end users,
consumers’ details, requirements, feedback and lmomi@are collected and archived
by the middlemen who then select certain data 83 pa manufacturers in their own
favour and interpretation. As manufacturers dohaste direct access to middlemen’s
customers’ data, do not hold this first hand manketiata, so are unable to respond
to customers’ needs and problems immediately. Bscaof the existence of
distributors, manufacturers do not know retailecsual demand; because of the
existence of retailers, distributors do not know &md users actual demand. The lack
of real-time supply and demand, whoever manufacdwe distributors or retailer are
striving with forecasting all the time. Clearly,etlopacity of information of supply
and demand between the manufacturer and its recust®mers result in duplicate

inventory calculation occurring along the supplich
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Generally speaking, the information flow is seqiadrds the physical products flow
from the manufacturer through distributors to wisalers to retailers and then to the

end users, and vice versa.

EDI By Phone/Fax/Post/E-mail
R *«———— <«———-
Manufacturer Distributors > Retailers End Users

E-commerce information flowe----»
Non-E Information flow————» Order flow: ¢ ————

Physical Products flow: ——» et Return flow: ———

Figure 1.3 Physical products and Information Sediaflows

As showed in figure 1.3, information was conveyed fithie manufacturer to the first
tier distributors, passed to the second tier msiland then to the third tier retailers
and eventually to the end users. In the same wayiesqueries from the end users
were handed over to the retailers, then to theiligbrs and then to the manufacturer.
But most queries were passed over somewhere. Bet¢hesdata was carried from
one company to another, the manufacturer’s infaonatould not be immediately
disseminated to the masses. And customers’ regeitencould not be given straight
away by the manufacturer. Traditionally, for a neammodity product launch,
manufacturers needed to first get support fromdik&ibutors. If the distributors did
not agree to stockpile, there was little opportuttiat the new product would go into
the market. Although many researchers have arghat the elimination of the
middlemen will help to price leadership, most mactifirers are still using
middlemen. Is it possible manufacturers can imprahe relationship with
distributors, while there is also a controllablentounication channel to build up the
direct relationship with the end users? E-manufang will be able to answer these
guestions. The adoption of e-manufacturing will egiva solution to those
manufacturers who are working on international mda&on, customer orientation,

competitive capability, and efficiency in busin@sscesses.

Greeff G and Ghoshal R (2004) made a comparisoterins of lead-time, delivery

performance and sales growth, among MRPIl, lean ufaaturing and e-
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manufacturing. The results clearly demonstrated velgnanufacturing was so
important to manufacturers. The implementation &R required the lead-time of 3
months, delivery performance was 90% and salestroate was 3%. Whereas if a
manufacturer applied lean manufacturing includingSgma, the lead time was only
3 days, delivery performance reached 98% and sgltesvth rate was 8%.
Significantly, if e-manufacturing was carried otlten the lead time reduced to 12-24

hours, delivery performance was up to 99.9% anekssgidowth rate increased to 10%.

1.3 How the Research Addresses Problems

This thesis outlines a philosophy that attemptartswer some of the problems such
as inefficient information sharing and difficultyc@ssing information caused by
traditional communication approaches. With emergippglications of the internet and

tether-free communication technologies, e-manufagjuprovides connective non-

hierarchical information networks irrespective difnt IT systems boundaries,
functions boundaries and geographical boundanes) #gme and language barriers. It
creates an e-business environment in which smadrgmses can also be involved.
Figurel.4 is the architecture of the novel inforimatetworks which use the internet
to improve the data process including informatiowllection, information

dissemination and free response to the information.

This research will focus on the flexible web-baseN to amplify the efficiency of
the supply chain so as to meet the requirementsatde-to-order. Through the web-
based IFN, the end users are able to interact thjiragith the manufacturer.
Information stopping at middlemen would be elimethtinstant benefits can be seen
in time saving and the capability of make-to-ordém. addition, just-in-time
manufacturing depends on real-time information msuee the right materials and
equipment are on hand substantially when produdiioes start, also JIT assures
goods will be delivered to customers on time. Thsid point of JIT is to do and
provide something only when it is needed. This gduphy forces the design of
business processes and information flows to beastired, fast, and clean (Beaver,
2001). To fulfil make-to-order and JIT, the flexdblveb-based IFN will help to
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perfect business processes through the improveafantormation flow among the

follow five associated areas:

1. Shop floor--front office: Plentiful information raled to production realisation
such as materials purchasing, customer requiremerdsrs to be visible to
Shop floor, conversely, real time information obptfloor operation visible to
the front office

2. Suppliers--suppliers--manufacturer:  Manufacturersynagnically update
information to various and different tiers supmiemeanwhile, suppliers
monitor manufacturers’ inventory levels and autooady reorder for
manufacturers.

3. Customers--customers--manufacturer: ~ Customers naotously placing
orders

4. Customers-suppliers: Collaboration of product giesi

Logistics--Suppliers, Manufacturer, Customers: @sdm the road traceably
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Manufacturer's websi

A A A A A A
A A Login A A A A
Online help/ information/ E-catalogue/ feedback.....
LA W \_/\_/\_/\_/ _____ 7 S U U A---.WW\_A_/ _________ A _____ \_/\_/WW__ ______ A_____ WWW ______ A____:
Ml Web. Web-IF Web-IF
EDI
M y Intranet v v Y v
> ; <> <> A < <>
. E-mail E-mail E-mail E-mail
E-mail R
\4 A4 v v A 4
Sub-
Suppliers | [] | Suppliers | [] .| Manufacturer | []. Distributors | [[] = Wholesales _ [] .| Retailers | Users
< >
Finished Produd o
< Finished Produc |
InformationFlow (1)

Figurel.4 The architecture of the combination oyfibal goods supply chains and information flowngeks (IFNS)
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1.4 Research Aim, Objectives and Questions

The degree and ways in which e-manufacturing carfullg applied will vary
according to the products made and the marketedeivhe scope of this research
focused on how e-manufacturing could help the natégn of a manufacturer’s
supply chains through perfect web information floetworks (IFNs) in Business to
Business (B2B) and Business to Customers (B2C)edam the principles of e-
manufacturing, the research examined a range otifaeturers to identify issues and
barriers to information flows within a manufactueerd along its supply chains. The
broad aim of this research is to provide theorkticancepts and web-based

application-oriented models for the successful ewnfecturing in B2B and B2C.

1. To understand current practical application of exafacturing in B2B and B2C
within several sectors of the manufacturing industr

2. To identify the issues and barriers of existingprniation sharing channels across
manufacturing supply chains.

3. To identify likely future trends in the applicatia e-manufacturing in B2B and
B2C.

To achieve the above objectives, the following tjoes are raised:

(1) What is the current good practice of e-manufacgiinB2B and B2C?

(2) What are the issues associated with the use ofreHiacturing in B2B and B2C?

(3) What are the key factors that affect the intersalrailation and external diffusion
manufacturing information?

(4) What competitive success factors are emerging ftben use of e-business/e-
commerce in other sectors that may be applicaktleetananufacturing sector?

(5) How can manufacturers use e-manufacturing to ingtbeir internal performance
and thus improve their business partners’ perfoo@an

(6) How can manufacturers improve their supply chairmpetitiveness by the

implementation of e-manufacturing in B2B and B2C?
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(7) What are the general strategies to the implememtati e-manufacturing in B2B
and B2C?

These research questions act as the organisingigleéas throughout the research,

which indicate the direction and scope of the nedea

1.5 Research Methodology

The research methodology is about how to condoes@arch project to meet the aims
and objectives of the research (Usg.edu, 2006prisists of a set of tasks undertaken
in a set of logical manners to achieve the givefedailves. The details will be

discussed in Chapter 3.

The process of completing this project can be desdras the progress of the new
knowledge generated from tlaetivities of Learning, Understanding, Reflectiamda
Practice, see Figurel.5 below. Figure 1.5 is anlagrcycle in which activities were
repeated when the consequence fails to meet tlectolgs. Literature review as a
basic learning means was applied to the projeah filoe beginning until the project
was finished. Case studies were deployed to irgessti current e-manufacturing
practice in depth within a number of manufacturiimmps and identify the issues and
barriers to the implementation of e-manufacturifige comparison and learning from
successful companies facilitated a greater degfeenderstanding of how supply
chains operate now and how they could be enhangednbanufacturing in future. A
guestionnaire was designed and improved after ilbe gase study; interviews were

coupled with questionnaire to collect the data fthmcase companies.

When data gathered by questionnaire and interviears able to answer the research
guestions, the broad views of the practice of eufarturing were formed. Based on
the understanding of materials and the underlyimigpciples, the development
framework was constructed. Through the reflectiages, data gathered from the case
companies were analysed, a number of hypotheses wem raised, and the
framework was amended referred to the findingsnglwith the hypotheses and the

framework were testified in the certain case congmrthe body of new knowledge
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in e-manufacturing was comprehended. The detailesgarch methodology will be

discussed in Chapter Four.

1.Literature Review
2.Case study
3.Interview
4.Questionnaire

H

New Knowledge Learning
Understanding
&Framework
Theory Reflection
1.Analysis
2.Experience Knowledge&
3.Thinking Amending
Framework
Practice
Trial Implementation

Figure 1.5 Learning cycle
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2.0 CHAPTER TWO: MANUFACTURING DEVELOPMENT

Chapter Two Objectives:
* The growth of the manufacturing industry

* Nine efficiencies in manufacturing development

This chapter traces the development of the manufact industry starting from the
late of 19" century to nowadays; nine efficiencies in manufiacy development are

summarised.

2.1 Growth of the Manufacturing Industry

“There is a time for everything, and everything @arth has its special season.”

--Ecclesiastes 3.1

Never have we needed a good crystal ball more thando today. Yesterday’'s
answers to business challenges no longer solveg/'sogeoblems (Timm, 1994). The
word ‘manufacturing’ was originally from Latin ‘marfactura’ which mean “making
by hand”, along with manufacturing development, theaning has expanded into
“making by machinery or by industrial process” figkly. Today, manufacturing is
more than the meaning itself. Manufacturing hasabera complex activity drawing
upon many theories, disciplines and technologiefieating management attitudes
and philosophies; it is dependent upon organisatiagstrategies and structures,
influenced by economic development, political pekcand culture, but also by the

customers and the suppliers (Heim and Compton,1€$2).

The continual and rapid development of technolomig¢ke heart of the manufacturing
revolution. A study of the history of manufacturirdgvelopment will help in

understanding the context of the emergence of andétg manufacturing strategies,
systems and techniques, and their evolvement trEnel.realisation of their benefits

and deficiencies will enable manufacturers to agply right strategies, choose the
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most suitable systems and use the proper technitjudsoost all strategies and
systems practised to their full potentiabttidy the past, if you would divine the
future’ said Confucius (551BC--479BC). Without learningorh successes and
mistakes, things cannot be moved forward to a nelwtien. This chapter will go

through the evolution of manufacturing systems tewthnologies in order to have a

base-line understanding of the development of theufacturing industry.
Threemajor manufacturing eras are drawn out as follown@&sekaran ed.,2001):

1. Craft manufacturing: Workers were largely skillehd work was highly skilled-

low volume, high variety, customer-specific in la-ghop environment.

2. Mass manufacturing: Workers became largely deskillend work relied upon
machinery to transform inputs into outputs and wasrow scope, high-volume, low

variety, standard products.

3. Post-mass era (strategic manufacturing): Marketg aow fragmented, global
competition; rapid new product introduction needeith various levels of volume and

variety; much greater need for flexibility, humamumitment and skill.

Craft manufacturing greatly relied upon skilled mahlabour and tools. Every piece
of work was made by hand, and so, every item waguenand productivity was
relatively low. Man had started to use a simpleickealled a loom to weave thread
or yarn into textiles as early as Neolithic tim@smachine known as potter’'s wheel
was used to aid making pottery in the Bronze Aget tBese primitive technologies
were incapable of getting man’s hands free from tnmanual operation. Craft
manufacturing is the era of the cottage industryvitich almost all production was
home-made, each cottage was run by an owner-cia@ftsmmo was responsible for
buying raw materials, making products and sellimg fimished products (Talavage
and Hannam, 1988). Althoughe manufacturing industry had gone a long way in
changing, the significant changes started just #fiee Industrial Revolution happened
in the late 18 century in Britain. The Industrial Revolution affed the way

manufacturing was performed, the processes usedhengroducts made (NRCS,
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1995). The onset of the Industrial Revolution mdrkemajor turning point in human
social history; fundamental changes occurred inicajure, manufacturing,
transportation, economy and politics and many aspgEcuman society (World Book,

2000). The manual labour based economy began tloga to history.

There is no room to describe every innovation. Téhepter sums up the nine
efficiencies in manufacturing development showimgvHabour intensive production

methods have been transferred to where they asag:tod

2.1.1 Efficiency in Machine and Power source (autoated machinery)

Major contributions: Semi-automatic, Productivi§tandardization

Scripture says “there is nothing new under the suh”certainly pertains to
manufacturing technologies in some ways (Hobbs3P0Dhe concept of automation
is neither new nor radical which has existed foutdands years. As early as 5000B.C.
people had already known to use wind power to grbpats along the Nile River
(Patel, 2005, Chambers, 1999), making wind be if® €nergy source used for
transportation. The clepsydra, a type of water lglowas able to recycle itself
automatically which is regarded as the earliesrasgntative of robotic devices,
supposedly invented in 250 B. C. (Hobbs, 2003). Ab600-900 A.D the first
windmill was developed to automate the tasks ofnggainding in Persia (Dodge,
2001).

The era of craft manufacturing made many greatntors of history who had the
amalgamation of technical skills, mathematics, rdtfie knowledge and experience.
Archimedes of Syracuse (287BC-212BC) is one ofgtleatest ancient talents. He did
original work in astronomy and engineering as \aslin mathematics (Boardman etc.,
2001). Archimedes was excellent in geometry, l&id toundations of hydrostatics
and worked out the principle of the leverage. Ohdiis great contributions is the
Archimedean screw, a simple machine for raisingewatfficiently, purportedly used
for removing bilge water from a huge ship. Archiragdscrew was the earliest type

of pump of the present day. Today, the principlé@nofhimedes’ screw can be found
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in sewage treatment plants, an auger in a snoweslawgrain elevator, also in fish
hatcheries used for a minimum of the physical hagdbf fish (Wikipedia 1, 2007).
On all accounts, many existing technologies origidan antiquity, but the level of
complexity and application have continued to evdiwe perfection along with the

changes of economic climate and existence condyamn by year (Hobbs, 2003).

By the end of the Roman Empire (27B.C.—476 A.D hew all the forms of modern
hand tools had been devised almost, the secondr regp in the development of
manufacturing was already underway by the intrddacbf mechanical means to
assist cutting and forming with iron tools (lan,.E290). But the use of machines in
the manufacturing industry was not quickly spreadil ithe development of iron-
making techniques and the increased use of refioatl-during the industrial

revolution.

The causes of the Industrial Revolution were comphbeit it came after a period of
rapid development in science and technology. Attitne, textile production was big
business in Britain, several inventions of new niaety thrust the changes and
growth in productivity in the textile industry thatought about the impact on other
industries such as agricultural and mineral inguditansport and British domestic
trade and later global economics (Gale and KauB2R0Since the construction of
canals, trunk lines, and railroads enabled raw nad$éeand products to be shipped
efficiently in the country, trading in the limitegeographic region was expanded to a
single national market which provided opportunifiessthe business growing (Olson,
2001). With the use of iron and steel, the needrfachined metal products increased,
powered machines were developed but these machvees expensive that the
cottage-based craftsman could not afford (Talavage Hannam, 1988). Along with
the continuous method of driving was developed fromginally human power to
horse gins, followed by water wheels that were abldrive a number of machines,
the cottage industry finally grew into the formtbe factory, a central place where
workers were gathered from homes to work togethen,Ed. 1999). Later on,
commercial development of the steam-engine was mmatwver a century’s
evolvement, the coal-fired steam engines were smwpted to drive almost every

variety of machines through line shafting, pulleysl belting instead of the separate
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pole or treadle drive, the innovation of the steangine largely raised worker
productivity (Olson, 2001, lan, ed. 1999). Sincerthmachines for boring, milling,
shaping, slotting, planning, grinding and geariogtivere flourishing during the late
eighteenth and nineteenth centuries, and these ing&chegan to be located in
workshops offering general engineering facilitiéen(Ed. 1990). Factories were no
longer constrained on the banks of fast-flowingré/or streams. The workers had to
give up the freedom of the countryside and movéidases close to the factories,
regular working hours were then introduceds well as penalties strictly enforced for
failure (lan, Ed. 1999). Later in the nineteentimtoey, the emergence of the more
powerful internal combustion engine and electrmalver generation, machines were
finally widely used in the manufacturing industnydaspurred manufacturing growth

to accommodate the enlarging domestic market (Q2001).

However, the industrial revolution could not haveeb so successful without the
development of all-metal machine tools, making @fchines to make machines was
one of the most important aspects of the IndustRalolution (Watner, 1986).
Meanwhile the development of new sources of powed the forms of new energy
sources used for driving machinery in manufactuelsp paved the way for the early
shop-floor automation, especially electricity playggreat important role to modern
manufacturing change. The use of wires insteati@ttaborate systems of line shafts,
electricity can be provided anywhere in a fact@gch machine is run by its own
electric motor, the machine location is no longenstrained by shafts. This progress
allows machinery to be then arranged according ie logical sequence of
manufacturing operations; this improvement drowe itinovation of the production
process, the product can be manufactured in areanis sequence or flow (Schurr, et
al.1990).

In addition, the discovery of the electromagneigddfin the Physics brought on new
electronic machinery such as the telegraph (18&F18facsimile machine (fax,

1843), telephone (1874), radio (1902), and telewiglLl925). These electronic devices
are the foundation of a nation’s telecommunicatigrastructure. The development of
telecommunication is the great breakthrough inhiséory of sharing, conveying and

handling messages across space and time. Telecdoatons has significant
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contributions to the national productivity, tradirammd economic growth through
bridging effective international communication netks (Maddock, 1995).
Thereafter the first and largest electromechantcethputer MARK 1 was built in
1944 (Krouse, 1982), along with technical improvetsecomputers have been used

for the automatic processing of information for @iges (Forester, 1985).

Before computer science applied to the manufaduimalustry, factory automation

was about automated machinery and systems suchutasmatic machine tools,

machining centres, automatic assembly machinesystridl robots, automated

inspection systems for quality control, automatiatenials handing and storage
systems (Irwin, 1997). A robotic device like Autae@ Guided Vehicles (AGVs)

runs around a factory floor for transporting god@eerby, 2005). The machining

centre is to minimise handwork. The automated nmecliiand systems take over the
majority of heavy and unpleasant physical laboargely minimize or remove

manned operation; meanwhile increase precision emdrge productivity. These

results paved the way for mass production: a sipgbeluct can be manufactured in
large quantities (OTA, 1983).

2.1.2 Efficiency in Scientific Management (Time and/otion study)

Major contributions: Management, Worker Labour Puctlvity

The emergence of automatable machines expeditedfa@uring industry taking off.
How to manage a machine with its enormous prododbecame a challenge, but at
the time the major issue of management was sélipttoductivity of workers (Hobbs,
2003). There were few people concerned about applgctience to the management
until in 1881, Frederick Winslow Taylor proposediedtific Management which
made a systematic attempt to obtain maximum effeyiein industrial work (Hobbs,
2003, Strategos, 2007, Weisford 1987). He paidtgaéantions to the interlocking
guestions of “What is the best way to do a job aWvhat should constitute a day’s
work?” (Gass, Assad, 2005). Through studying irdiial workers and work methods,
combined with a time study, Taylor argued that tbhke of management was to
analyse jobs in order to find the ‘one best waypefforming any task or sequence of

tasks to eliminate all false, slow and useless m@rgs. Therefore, all work should

51



Applications for achieving the promise of e-manufacturing

be broken down, each individual task performed aximum efficiency by the same
workers all being well trained (Kanigel, 1999). §onstitute scientific management,
Taylor (1911) summarized a combination of five edems: Science, not rule-of-
thumb work methods; Harmony, not discord; Coopergtinot individualism;

Maximum output, in place of restricted output, arite development of each man to
his greatest efficiency and prosperity. Taylor'snei studies were logically
complemented by Frank Gilbreth and Lillian Gilbretmotion studies in the use of
motion pictures for studying work and workers, thdéwo sides of the efficiency
improvement coin eventually became time and mositudy (Hobbs, 2003, IW/SI

News, 1968, cited by The Gilbreth Network, Anon). dddition to the technical
aspects of worker efficiency, Lillian Gilbreth alsmtroduced psychology to
management studies, who is arguably the first tidustrial/ organisation

psychologist (SDSC.edu, Anon).

2.1.3 Efficiency in Flow (Assembly/Mass productiofdatch production)

Major contributions: Cost Advantage, Production Pess, Manufacturing System

And then, in 1910, there was Henry Ford who dewsdofhe modern assembly lines
in mass production. By deploying standardized gftangeable parts, and division of
labour, in 1913, Ford developed a continuous mowdsgembly line to manufacture
automobile Model T (The Henry Ford, 2003). Repdstedhe idea of separate

assembly lines and interchangeable parts had baglre@ to manufacture ships in
Venice Arsenal several hundred years earlier tbhapréduce cars. Mass production
also appeared in the publishing industry as eadyttee mid-1400s; Johannes
Gutenberg's Bible was published using a printingspr Although there is nothing
interchangeable in an engineering component sexwrage is in the first mass
production which originated long before Gutenbargearly as the sixth century BC.
in Lydia (lan, ed.,1990). In the automotive indystRansom E. Olds first created the
assembly line in 1901 that had more than quadrupiedactory’s output. But Ford

and his associates were the first people to fdgtize the potential of flow (Womack
and Jones, 1996). He took all the physical elemefta manufacturing system—
people, machines, tooling, and products—and aratigem in a continuous system

for manufacturing automobile production (Strate2@07). He managed flows all the
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way from raw materials to shipment of finished d@®mack and Jones, 1996). Ford
also relied heavily on time studies: very specaliztasks for workers, and a
separation between the planning done by enginemdstlae work performed by

workers (Liker, 2003). By significantly reducingsasnbly time per vehicle, Ford's
production of Model Ts gained the cost effectiventmsat had made his company the

largest automobile manufacturer in the world (Thenky Ford, 2003).

Early mass production depended on skilled maclsirtstproperly fit parts together
(Answers.com, Anon), but Ford contributed to theetmass production, with the aid
of precise machine tools, parts of Model T were pletely interchangeable and
mechanized production (lacocca, 1998). In the eB9l®0s, The Ford Company was
assembling more than two million Model Ts at dozehassembly plants around the
world, every one of them exactly alike (Womack dodes, 1996). The hallmarks of
this system include nearly perfect interchangeatédardization of components,
controllable manufacturing processes, and a simgdey-to-manufacture standard
product (Hobbs, 2003).

By the mid-1920s, sales of the Model T began tdimeadue to rising competition.
Ford worked on only one model for too long, ther@swot a new design until the
Model A in 1927, and by then General Motors (GMJl lkaught up (lacocca, 1998).
Alfred P. Sloan led GM to win the competition byadishing annual styling changes
and managing diverse operations: a five-model pbdange from Chevrolet to

Cadillac with a different pricing structure (Hobi2603).

The era of Ford’'s dominance based on standardizat@s over. The challenge in
manufacturing during the 1930s shifted to produatiety. As the 1950s began,
demand for specialized products started to takel. hBatch production was then
arriving (Hobbs, 2003).

The batch method has a cost advantage for busséhas¢ produce a range of
products in volumes, by which machines can be nse effectively, materials can
be bought in bulk and workers can specialize it thak. The downside was that
batch processing could create problems when tryindpuild a dissimilar mix of

products (Hobbs, 2003). For instance, the prodoaiguipment must be stopped and
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re-configured before the next batch can be produthdre is a high probability of
poor work flow, therefore, batch production reqsineery careful planning and co-
ordination.

2.1.4 Efficiency in Pull System (Toyota Productiorsystem TPS )

Major contributions: Lean concept, value stream

TPS was developed by Toyota Motor Corporatiothe late 1940s and early 1950s to
eliminate waste and survive from the hard timerate country was decimated by
two atom bombs. While many companies in the UnB&tes and Europe focused on
Economic Order Quantity (EOQ) model to calculate tiptimum batch sizes for
production to gain economies of scale, Toyota wirkeward the other way. To
overcome the lack of resources, capital and warshotlioyota created a one-piece
flow in low-volume production to be able to flexybthange for the next stage of
production or customer demand (Hobbs, 2003, Lik&A3). TPS is regarded as the
next major evolution in efficient business procesatter the mass production system
(Liker, 2003). This system was actually evolvedniréord’s system, but borrowed
many of ideas from the U.S. plants, and was indgdine American self-service stores
of replenishment triggered by customers (Gross3200AMK, 2006). In contrast to
Ford’s mass production system which was designethda&e huge quantities of a
limited number of models, TPS was adapted to thallgpnoduction volumes of the
Japanese market (Liker, 2003).

Ford preached the importance of the immediate @sioly, smooth continuous
materials flows and the perfect transportationvioich from carrying any stock, so as
to eliminate waste (Henry Ford, 1922). Due to theerent flaws of Ford’s mass
production system, Ford Company did not alwaystmaall that it preaching. Huge
banks of work-in-process inventories were builthypthe interruptions between the
discrete process steps (Liker, 2003). Pushing mtodinto the next stage of
production under no consideration, it resulted iowdstream manufacturing

operations sometimes having too many parts and tftme®not enough parts to meet
the production schedule; it caused overproductiotinee for waiting (Womack and

Jones, 1996).
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Toyota learned lessons from Henry Ford, Just-Inelr{diT) and Kanban as the major
pillars of TPS, were designed to deal with what Wwaswn as “the seven wastes”

identified by Ohno who is the major developer ofST{Rushton, 2006):

. Overproduction;

. Waiting;

. Transporting;

. Inappropriate processing;
. Unnecessary inventory;

. Unnecessary motions;

N o 0o~ WN P

. Defects

JIT and Kanban improve inventory control by avoglexcess inventory in work-in-
process and maintenance the appropriate levelbok sh a warehousdy applying
JIT and Kanban to control physical material flowotlghout the entire production
process without any excess to minimise the opearatiost (Chaffey, 2002). The
concept of JIT and Kanban is related with the “mystem” which was inspired by
American supermarkets in which individual goods evegplenished as soon as they

began to run low on the shelf (Liker, 2003).

In a pull system, nothing will be produced or navrgtock will be ordered until the
downstream process signals a need or stock drogheetoe-order level. It means the
preceding process must always do what the subsequecess says (Liker, 2003).
JIT undertakes “the right material, at the rightdj at the right place, and in the exact
quantity”, the perfect input buffer inventory isnsadered as zero. The process is
driven by Kanban which manages material into tbe/fproduction process through a
series of signals to tell production processes wbenake the next part. Kanban is a
technique to achieve JIT, a visual communicatiortho to specify where to find

material, where to take it, and when to pull matgiGilliam, 2004).

The basic philosophy of JIT comprises of waste iglation, goods in only when

required. For JIT to work successfully requiressmidating the special relationships
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with key suppliers and other external partnerstikasportation.

However,JIT and Kanban did not gain worldwide acceptandd first embraced by
Western firms in the early 1980s (Womack and Job@86). Today Toyota continues
to use TPS system not only to manage cost and fiatvalso to identify impediments

to flow and opportunities for continuous improvemg@aross, 2003).

2.1.5 Efficiency in Computer Power (Software Appliations)
Major contributions: Automation, Automatic Control

The earliest digitalcomputers appeared in the 1940s, they were hugeuaed
clicking relays to perform computations, but theesp was slow. Soon vacuum tubes
with electronic flip-flop circuits replaced relaysd mechanical moving parts, the
speed of computations increased thousands of tisoesy after, transistors came up to
replace vacuum tubes, which created a new generatiofaster, more compact

computers (Krouse, 1982).

The creation of the transistor in 1947 by members df Baboratories was a key to
the development of the microelectronics industrgluding integrated circuit,
microelectronic storage chips and later on microgssors. These technologies
provided the breakthrough in computer capabilitees] stimulated the innovation of
personal computing (Gasman, 1994). Because of tlaes@anced technologies,
computers became much more compact, faster, ancelgmensive. Since the 1960s
the growth in the use of information system (ISjfdrmation technology (IT) to
support business activities has never been abatéah( 2001). The first wave of

automation technologies raised in the 1950s an@.96

IT encompasses hardware and software. Electronidwaae is used to create,
communicate, compute, modify, or display informati@oftware is to provide data,
knowledge, or programs which are sets of instrastifor directing or controlling
hardware to complete tasks (OTP, 1985). Howeveeridompasses many aspects of
computing and technology that helps to produce, ipudatte, store, communicate,
and/or disseminate information.
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The roles of IT in manufacturing can be seen iradabrage, speeding the transfer of
information and product design, supporting relatediness processes such as sales
and distribution, supporting the management of pcbdand process, control
machinery and tools, monitoring the operations hie shop floor, assisting with
administration in areas such as accounting andkemgkng and so on (NRCS, 1994).
IT has met a range of needs of manufacturing dietsvthat are presented in the figure
2.0.

Production Business

Verbal communication Sales & Marketing| | Cost Accounting

Scheduling/planning/

Electronic transaction
Inventory control

Programmable automation: Documenting processing

Controlling /Monitoring/Tracing

Logistics
Gathering product dat
Data mining/Central Database
, Integration
Design
Converting customer Information
requirements to engineering Technologie Products
specifications

Converting specifications
to subsystems

Verifying designs

Testing fabricatio
processe

Figure 2.0: The use of IT in manufacturing (adapfiesn NRCS, 1995)
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IT and telecommunications have lifted up a new waiveutomation in manufacturing,
transportation and in the office (OTA, 1985). Howewifferent manufacturers have
different levels of automation by using differerdftevare applications. Some of

renowned applications are listed as below:

2.1.5.1 Computer-based Inventory Management Syste(MRP)

In the 1960s, effective management of the physiestftibution function became an
important issue; inventory management was develdpethaintain the appropriate
level of stock in a warehouse and work-in-proceSatt{orna and Walters, 1996).
Early manufacturing planning and control were purehnual or with some help from
tabulating equipment, it could take companies sixhirteen weeks to calculate the
requirements (Wight, 1995). In the early 1960s, tlee of business computer
hardware and software in manufacturing became ipedct(Plossl, 1994).
Organizations started to design, develop and imeigncentralized computing
systems, mostly automating their inventory consiypétems using inventory control
packages (IC) (Hossain, Ed. 2002).

In the late 1960s and the early 1970s, material rements planning (MRP) was used
in the factory of highly complex products, thesedarcts had many thousands of parts,
subassemblies and assemblies and had many step®isrof manufacturing (Greene,
1997). Schedules had to be made for thousands difidnal components, raw
materials and finished goods items. This compudridRP was devised to provide a
logical approach that could simplify the processtfee plan of the procurement of
materials and production planning to manage invgnéafficiently. MRP makes it
possible to calculate requirements over a weekeddoader more frequently (Plossl,
1994, Wight, 1995). The significant improvementtlimt MRP started to include
incorporation of various operational functions swsh customer demands, supplier
performance, financial plans, forecasting into teme computer system. MRP
provides managers with more information than th#ewolinventory control systems
could do, as well as provides a better demand éstd@ghazadeh, S.M., 2003).

MRP determines what and when material needed by takieagime-phased master

production schedule (MPS)— a statement of whatnealy going to be produced in
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which time frame; and calculates how much materégded by using the dependent
demand according to the product structures soccailé of material (BOM) (Wight,
1995). MRP has the ability to suggest ordering:\éat to order; (b) How much to
order; (C) When to order; (d) When to scheduleveeji (Sheikh, 2003). MRP is
superior to traditional reorder point-based infotiora systems (Cooper and Zmud,
1990) which could not present a forward visibili§ receipts and issues and the
future work load (Drexl and Kimms, 1998). MRP hasleed from an ordering
system into a priority planning system (Wight, 1p96eliminates part shortages and

prevents the accumulation of too much of any corepoor materials.

A good MRP system was at least 99 percent accurdteeping track of inventory,
ordering materials, and sending instructions tdhedepartment on what to make next
(Womack and Jones, 1996). HowevBiRP had a number of problems. MRP was
frequently criticized for ignoring capacity constts, it answered to what should be
produced, but not to consider what could be prodweigh existing capacity (Sheikh,
2003). Today’'s consumer environment does not rerattic. Customers requiring
immediate delivery and customization increasingamplexity, these have created
major challenges to the use of MRP, the manuayemtd maintenance of the records

has become an issue.

2.1.5.2 Integrated Manufacturing System (MRPII)

When MRP was expanded to include capacity planngigpp floor control, and
purchasing, the new MRP was termed as “closed MBP” (Wight, 1995). Closed
loop MRP allows feedback from the shop floor toseen so planning could be kept
valid and updated (Toomey, 1996).

When the financial function was tied in, MRP wasolged into manufacturing
resources planning (MRPII) in the 1980s. MRPII eagbes on optimizing
manufacturing processes by synchronizing the nasanith production requirements
(Nah, 2002). MRP planning activities performed lwdtions such as production
control, purchasing and inventory control, but MREdme to the further step which
linked all these functions together (Irwin, 199&hd later extended to include areas

such as shop floor and distribution managemenjegronanagement, finance, human
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resource and engineering within one computer sydidah, 2002). MRPII is an

integrated approach to the manufacturing internatgsses from production planning
and control to purchasing materials and then tglsupf finished goods (Rushton,
Oxley and Croucher, 2000). MRPII provides inforroatito all functional areas and
brings all departments together into a single gitit planning and control purposes.
The entire MRPII system is driven by the sales & opera plan (S&OP) drives

(Wight, 1995). S&OP is known as production planniaggregate planning, or game
planning (Sheikh, 2003). S&OP is the process thagb together all the plans for the
business (sales, marketing, development, manufagtusourcing, human resource

and finance into one integrated set of plans (APDISionary, 1998).

In addition, MRPII includes a simulation capability simulation of a manufacturing
business, and a simulation of the universal mamufeg equation. Through such
simulations far enough in advance, problems caprbdicted and prevented rather
than fixed after they happen (Wight, 1995).

However, MRPII-based planning and control framewisrfar from ideal across all

industry segments (Higgins et.al. 1998).

2.1.5.3 Centralized Computing Systems (ERP)

When MRPII systems evolved into having direct if#ees with customers and
suppliers, in the early 1990s, first-generationefmtise Resource Planning (ERP)
packages started to appear (Aghazadeh, 2003). BRfenss integrate business
processes including manufacturing, distribution,coamting, financial, human
resource management, project management, inventognagement, service,
maintenance and transportation (Hossain, ed. 2088, ed. 2002). The earlier ERP
significantly improved the performance of internalisiness processes and also
allowed opportunities for vertical integration wehppliers and distributors (AEIOO,
2005). By the mid 1990s, ERP had become a majocessc which provided
accessibility, visibility and consistency across #nterprise (Hossain, ed. 2002). The
bigger companies, especially manufacturers starbedeplace their home-grown
legacy systems with ERP packages (Shields, 20049. development of ERP is a

never-ending process, its open architectures a@sy customisation and user
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interfacing. ERP vendors continue adding more meglahd functions as “add-on” to
the core modules, and bring new products and solsitto manufacturers (Nah, Ed.
2002). In 2000 most of the major ERP vendors intoedl e-business applications
powered by the internet. New modules such as CR#MS®M were developed along
with the traditional ERP, e-business packages amshe internet to allow users to

remote access ERP systems and even perform tramsa($hields, 2004).

Some of the core ERP modules found in today’'s newmerption ERP systems
including (Hossain, ed., 2002):

Accounting management

Financial management

Manufacturing management

Production management

Transportation management

Sales & distribution management

Human resources management

Supply chain management

Customer relationship management (CRM)

E-Business

Traditional ERP applications did not include a oustr management aspect, in the
late 1990s, building up and maintaining a stronigti@enship with customers was
considered critical for increasing sales growth.MCRas then developed to enable
companies to be more customer-focused and gaimthet value benefits of ERP
(Willis and Willis-Brown, 2002). CRM supported dlle customer-facing processes in
the organisation, is regarded as the logical negp ®f ERP extensions (Sheikh,
2003).. CRM provides sophisticated customers datliaformation such as order
patterns, product preferences, customer demogmphie satisfaction/complaint
responses. CRM helps companies develop two-wagiaeships with customers, in
addition to gathering data for companies’ own usesmpanies began giving their
customers incentives and gifts for consolidatingtemer loyalty, such as bonus

points on the member card (Robert L, 2004).
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CRM applications are classified as three groupifkgimi et al., 2001, cited from
Adebanjo, 2003):

1. Operational CRM products—for improving custonservice, online marketing,
automating sales force, etc.

2. Analytical CRM products—for building data wareises, improving relationships,
analysing data, etc.

3. Collaborative CRM products—for building onlineornemunities, developing

business-to-business customer exchanges, persngaevices, etc.

Having an analogy to CRM, supplier relationship agement (SRM) aims at the
effective management of the supplier base. SRMlesdhe enterprise to manage its
supplier relations (Themistocleous and Marinos BR005). In addition to SRM,
distribution relationship management (DRM) was deped to facilitate the

management with distributors.

There is countless application software used in aas of manufacturing
development. Product lifecycle management (PLMpisthe effective management
of full product definition lifecycle. Product datmanagement (PDM) is used to
manage the product configuration, components, aad pevisions for design
realisation. Employee lifecycle management (ELMalgas enterprises to effectively
manage their portfolio of competencies. Corporaggommance management (CPM)
describes the methodologies, metrics, processessgstdms used to monitor and
manage the business performance of an enterprisan(i§tocleous and Marinos Ed.,
2005). Executive information system (EIS) providesnior managers with data

relevant to their work.

2.1.5.4 Computerized Manufacturing Automation (PAFMS, CIM)

One of the best solutions for the problem of desdaproductivity and declining
quality is the automation of factories (Kaighobaaid Venkatesh, 1994). Factory

automation refers to all activities such as goodscgssing, materials handling,
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product design, coordination, communications, mesasant, monitor, and control

functions that can be performed with a minimum ofman effort (Carlsson, 1995).
Today, factory automation involves technologies althiare mainly rooted in

mechanical engineering, electrical and electromigireeering, and computer science
and engineering; factory automation includes autethananufacturing equipment
and systems, control and monitoring systems, fgctommunication systems, and
computer systems for automating procedures forgdesplanning, and decision
making (Irwin, 1997). There are also automatic gegtoon technologies such as bar-
coding and radio frequency identification (RFIDheTdiscovery of sensors (1967)
also contributes to automated operation and morgtmition of an object in the

workplace.

-- Programmable Automation (PA)

PA adds computer’s data communication capability uponventional machines that
enlarges the machinery’s ability to increases tiheoant of process control possible
and enables the use of single pieces of equipmedt systems for multiple
applications (OTA, 1983). The launch of PA started in the mébQs, when
numerical control (NC) for machine tools was depeld and commercialized. In
1967, computer numerically controlled (CNC) machkimesre developed and put into
use (Zhou and Venkatesh, 1999). Automatic machimetral and monitoring is
concerned with direct control of various operatiqgmerameters of the equipment such
as numerically controlled machining tools and acesitrobotic units for assembly and
transportation, etc. by using embedded microprardsssed systems, programmable

logic controllers (PLCs), and industrial comput@rain, 1997).

During the 1960s and 1970s, capabilities and applicafion®A had grown. PA is
divided into three general categories: 1) compaided design (CAD); 2) computer-
aided manufacturing (CAM) (e.g., robotics, numdhcaontrolled (NC) machine
tools robots, flexible manufacturing systems (FM8Y automated materials handling
(AMH)); and 3) computer-aided techniques for mamaget (e.g. management
information systems (MIS) and computer-aided plagr{iCAP)) (OTA, 1984).
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Communication also plays a central role in the dactautomation for integrating

activities performed at different levels of manufaing system planning and control.
There are two types of communication networks useadanufacturing systems: data
and control networks. Data networks are charae@risy transmitting large data
packets used to support activities involved integgjge and operations planning;
Control networks are required to transmit smallade&ckets used at machine level
and shop floor control (Irwin, 1997).

-- Flexible Management System (EMS)

Along with the use of the computer in manufactuyithge integration of the computer
and the machine works remarkably to the flexibilitymachines and manufacturing
systems (Zhou and Venkatesh, 1999). In the 1968sidDNilliamson came up with

so-called System 24 to operate unmanned 24 hoday ander computer control; the

concept of flexible management system (FMS) was Bouggen, 1991).

FMS is a production system consisting of a set of idahtand/or complementary
numerically controlled machines which are connectbdough an automated
transportation system (Tempelmeier and Kuhn, 1988gr the growth in equipment
and applications development, since the 1970s, cthrecept of FMS has been
broadened to cope with unforeseen and unpredictdibtarbance (Luggen, 1991).
FMS has tended to be a business-driven solutionenizein a technical solution
(Buzacott, 1982). The initial flexibility of FMS kaexpanded into flexibilities in
machines, process, products, routing, volumes, resipa, operations and production
(Tempelmeier and Kuhn, 1993). FMS also requiresketaflexibility including
product variety, product customisation, productowation, delivery flexibility, and
demand flexibility (Brown, 1996). The growth of FMé&hables manufacturers to
machine a wide variety of products on few machiniék less staffing levels within a
short time and to accommodate design and engirgearodifications without further

investments and time delay.

Figure 2.1 provided by Green (1991) shows in alsinglendar year, there was only 6
percent of the 8760 of the total time used for alcproduction; the rest of time was

wasted due to inefficient use of second and thirfiss setup times and holidays.
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Unforeseen problems
4%

Machining

Inefficient use of
second and
third shifts

Weekends, holidays, 44%
and vacations

34%

Figure 2.1: Breakdown of 8760 available hours incalendar year to a manufacturing

operation (Luggen, 1991).

FMS effectively manages as much as possible maghitime to increase machine
utilization and avoid excess or insufficient in-pegs inventory. The successful FMS
will also improve rapid response to market changed improve manufacturing

effectiveness through increased operational flégitand control (Luggen, 1991).

-- Computer Integrated Manufacturing (CIM)

Better communication on the shop floor is the &ffit means to improve internal
activities and reduce lead times (Weatherall, 1988he 1980s, computer integrated
manufacturing (CIM) was emerged with the philosomtfiythe fully automated and
integrated factory to complete rapid communicatiod sharing large database among
manufacturers, suppliers and customers. CIM isprovide computer assistance,
control and high level integrated automation at &lels of the manufacturing
industries, by linking islands of automation intodéstributed processing system
(Ranky, 1986). CIM includes computer-aided desigbAD), computer-aided
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engineering (CAE), computer-aided planning (CAR®mputer-aided manufacturing
(CAM), and computer-aided quality control (CAQC).

In comparison with FMS, CIM is mainly concerned twihformation processing,
sharing and management among all levels of thermige, it links all isolated
computers in different departments together inte system, whereas FMS provides
the essential computer controlled manufacturingstaad systems for CIM to execute

the computer generated plans and schedules(Gra88g).

CIM provides a central shared database that catdessed by the different functions
during the manufacturing process, such as desigveldpment, manufacture,
distribution, billing etc. The effectiveness of Cldépends greatly on the large-scale
integrated communication system. The goal of CIMoisise advanced information
processing technology in all areas of the manufagjuindustry in order to
(Chryssolouris, 2006):

» Make the total process more productive and efficien

* Increase product reliability

» Decrease the cost of production and maintenance

* Reduce the number of hazardous jobs

 Respond to rapid changes in market demand, prochatdification, and
shorter product life cycles.

* Achieve better use of materials, machinery, andsqerel, and reduced
inventory.

» Achieve better control of production and managemenfit the total

manufacturing operation.

2.1.5.5 Standardized Electronic Transaction (EDI)

Electronic Data Interchange (EDI) tise electronic exchange of business documents
between the computer systems of business partnehsas banks, customers, and

suppliers, using a mutually agreed standard forroa¢r a communication network
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(Pitlak, 2002). EDI is the process of informatioransfer within computer-to-
computer; therefore, the information must be stmexd according to predefined

formats and rules which a computer can recognizeety.

Since the early 1970's, efforts have been undenwagevelop standardized data
formats for business transactions. EDI is the m®cef computer-to-computer,
business-to-business transaction transfer (M&@02). EDIwas developed to handle
all aspects of business transactions such as pgleaicknowledgements, pricing,
status, scheduling, shipping, receiving, invoigegyments, and financial reporting
(IFLA, 1995). Figure 2.2 shows a typical flow oftians and data between a buyer, a

seller and their banks.

Buyer Request for Quote Seller
P Quote g
Purchasing Purchase Order »| Sales/ Order
& Purchase Ord Management
Scheduling Acknowledgment

A

Purchase Order Change

A 4

P Shipping Notice
Receiving | Shipping
“— Carrier < ,
Shipment Bill of
Status Lading
. Billin
Invoice g
Accounts
Payable Accounts
7y Receivable
Remittance Advice Account
Buyer Information
Payment Data——>» Bank

Seller Bank

Account Information

Figure 2.2 Typical business documents exchangddisiyness partners (Pitlak, 2002)
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The implementation of EDI benefits both the senaied the receiver from sharing
information in a timely manner. The benefits indudBM Readbooks, 2003, Pitlak,
2002):

=

. Reduced data entry errors

2. Reduced processing cycle time

3. Delivered standard means of communication

4. Shared electronic information easily over thgaoisation
5. Reduced paperwork

6. Reduced inventories and better planning

7. Improved relationships with business partners

2.1.5.6 Electronic Economic Activities (E-busines&-commerce)

Electronic business (e-business}hie use of electronic communications networks to
allow organisations to send and receive informatiand this transfer of information
can be entirely internal, unlike e-commerce, whigpically crosses organisational
boundaries (Slyke and Belanger, 20Q3Electronic commerce (e-commerce) is
broadly defined asAn electronic transaction is the sale or purchasegoods or
services, whether between businesses, househaoldisjduals, governments, and
other public or private organisations, conducteceoeomputer-mediated networks.
The goods and services are ordered over those mietwbut the payment and the
ultimate delivery of the goods or service may bedoated on or off line (Vickery,
2002).

E-commercedefines any form of economic activity between astetwo parties
conducted via electronic connection interactionshemgas e-business also
encompasses an organisation’s internal operatidigapds, 1997). Examples of e-
commerce includeorders received or placed on any online applicatised in
automated transactions such as internet applicti&Dl, Minitel or interactive

telephone systems (Vickery, 2002). Nowadays, mbst@mmerce goes through the
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internet. This is realized through World Wide W&BWW), intranet, extranet, virtual
private network (VPN), secure socket layer (SSLyrgption, etc (Milutinovic and
Patricelli, 2002).

In general, e-commerce can be classified into foajor models by the type of the

buyer and seller:

Business-to-consumer(B2C) -- consumers purchase products and services from

businesses (Milutinovic and Patricelli, 2002).

Business-to-business (B2B) --businesses buy and sell among themselves
(Milutinovic and Patricelli, 2002).

Customer-to-customers (C2C) -the sale of goods and services between individuals,

often via auction sites such as Amazon, eBay (dacKksarris and Eckersley, 2003).

Customer-to-business (C2B)-- individuals sell goods and services to companies

(Jackson, Harris and Eckersley, 2003).

In addition to the above four models, there are tweiomodels specified newly: one
is business-to-government (B2G)--the trade in gaousservices between the private
sector and the different forms of government, weetlocal, regional or national

(Jackson et al, 2003); the other is user to usg@eer-to-peer (P2P)--individual users
are able to directly communicate or share of infmion each other (Rosen, 2002).

This thesis only focuses on B2B and B2C.

Gattorna(2003) claims that e-commerce provides not onlysthlations for electronic
transactions but also the standards that will enat@mpanies to connect and
communicate in an effective way, is helping to klssh the standards for cross border
cooperation and collaboration. E-commerce automatesstreamlines the process of
buying and selling, provides more reliable updatihpusiness data, and disseminates

product information available globally in real tiffMilutinovic and Patricelli, 2002)
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The impact of e-commerce on companies includes ateds as indirect procurement,
direct procurement, product and service design,ufis&turing, demand and supply
planning, fulfilment and e-fulfilment, service asdpport, and e-working, see figure
2.3 (Gattorna, 2003)E-commerce is a vital part of e-business. Apamnfelements

of e-commerce, the other crucial components ofsrmss are (Durie, 2001):

* Organising general business processes using corspame other electronic or
telecommunications devices

* Managing supply chains

* Managing customer relationships, including marlgetin

» Managing stock, production, procurement, workflavd &hipping electronically
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Figure 2.3 E-commerce impact on supply chains Source: Berger, A.J. and Gattorna, J.L. (2001)
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2.1.5.7 Conclusion of IT applications in Manufactuing

A classification of IT can be divided into threeogps (Bagri et al, 2003):

(1) Engineering design automation: including cormeputided design (CAD),
computer aided engineering (CAE), solid modelliB1], and finite element analysis
(FEA), etc.

(2) Manufacturing automation: including numericantrol (NC), direct numerical

control (DNC), computer numerical control (CNC)bats, flexible manufacturing

systems (FMS), automated guided vehicles (AGVS], automated storage/ retrieval
systems (AS/ RS), etc.

(3) Administrative planning and control automati@omputer applications in
accounting, logistics, warehouse management, mamageof stocks, quality control,
etc. , including manufacturing execution system @lEmanagement of information
systems (MIS), decision support systems (DSS),treleic data interchange (EDI),
electronic point of sales (EPOS), optimised proancttechnology (OPT), group
technology (GT), material requirements planning @R manufacturing resource
planning (MRPII), enterprise resource planning ERcomputer aided production
planning (CAPP), shop floor control (SFC), factafgta collection systems (FCS),
data acquisition systems (DAS), product data mamagé (PDM), distribution

requirements planning (DRP), computer aided qualdwptrol (CAQC), concurrent

engineering (CE), etc.

2.1.6 Efficiency in Quality and Zero-defect output{TQM, Six sigma)

-- Total Quality Management (TQM)

In the early stage, the concept of quality was rrete to in-house criteria.
Development in quality has gone over decades frogpdction, quality control,
guality assurance, and company-wide quality corrdlQM (Brown, 1996). TQMs
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the integration of all functions and processes imitan organisation in order to
achieve continuous improvement of the quality ajdgoand services. The goal is

customer satisfactio(Ross, 1999).

Japan was the first nation to move into a broadslity concept. After the Second
World War, to be able to recover from the devastatind get back to world markets,
Japan took the advice of the Americans --Dr. W. &dis Deming and later Dr. Juran
to adopt “high quality” as a major objective fas ihdustries to overcome its pre-war
reputation of producing cheap, low-quality produ¢@artin,1999). Following Dr.
Deming’s prescription of higher-quality productsdaservices at a lower cost to
satisfy customers and continuous improvement prograJapanese companies
became the most significant competitor in the globarketplace in the late 1970s
(Peratec Ltd, 1994).

In the 1980s, whilst facing the strong competitimom Japanese companies, America
was dragged into adapting this new concept of ua known TQM (Cartin, 1999).
This improvement-focused program moved the conadrijuality from resource-
driven in terms of right materials, right time, ligcost and right place to a quality that
means a total commitment from every area at aklewof the firm, even includes
suppliers and distributors in pursuing quality (@sekaran ed., 2001, Gibson, et. al,
1995).

As TQM does not emphasize financial measures anmbitsideration is narrow, TQM
became less attractive to modern management, o#iynavas silent in many

companies; instead, six sigma turned out to be i@ popular tactic (Cartin, 1999).

-- Six Sigma

Sigmais a letter in the Greek alphabet used by sta@sticto measure the variability
in any process. In business, it was used to measaoenpany’s performance (Pyzdek,
2003). Six sigmaas a statistical measure of the performance of acess or a
product, a goal that reaches near perfection forfpenance improvement, a system
of management to achieve lasting business leaqeishi world-class performance
(Pande, 2001). Six sigma describes how well thecgs® variation meets the

customer’s requirements (Keller, 2005).
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The six sigma story began in the mid 1980s at Mid¢oto eliminate process defects
since it was believed that process failure rateeewruch higher than indicated by
final product tests (Brue, 2002). Six sigma is ma&rely a quality initiative, which is

far more than TQM. Quality does not always reqgtitgher costs but more efficient
and reliable processes that delivered defect-fretpubs (Brue, 2002). Six sigma
requires a specific problem solving project witlgrsficant potential return on

investment or a bottom line result (Adams, Guptd &vilson, 2003). Defects are
eliminated through understanding, measuring, argforing processes (Brue, 2002).
Cost reduction, productivity improvement, customegention, defect prevention, and
cycle-time deduction, these are the promises osigima, which make the six sigma
is different from TQM (Pande and Holpp, 2002). Walisome cost-cutting programs
which reduce value and quality, the six sigma idiesstand eliminates any waste cost

which provides no value to customers (Pyzdek, 2003)

2.1.7 Efficiency in Chain (Porter Value Chain and 8pply Chain)

-- Porter’s value chain

Michael Porter in 1985 introduced the value charsystematic way of examining all
the activities a firm performs and understandslibbaviour of costs and the existing
and potential sources of differentiatigRorter, 1985). Porter (1998) recognises that
the value a company creates is measured by therdrttat buyers are willing to pay
for the product or service; if the value createdemds the cost, then the business is
profitable. Therefore all value activities should tun at optimum level and should
coordinate with each other if the organisationoigain the competitive advantage in
either cost or differentiation which is a functioha company’s value chain (Porter,
1998).

Accordingto Porter, every firm’s value chain is composedioie generic categories
of activities, covering almost all the internal mess activities. These activities are
split into primary activities and support activeiePrimary activities include Inbound
logistics (receiving, storing, and disseminatingoduct inputs), Manufacturing

(transforms inputs into final form), Outbound Idgis (physical distribution of
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outputs), Marketing& sales (provides distributidmonel and supporting for buyers)
and Service (enhances value of product through@stipBupport activities include
Procurement (purchasing of inputs), Personnel ({R&cg, hiring, training,
development, and compensation), Technology devedopmR&D and other
technology needed to support the firm’s activitiem)d Infrastructure (systems for

planning, finance, quality control, management,)efee figure 2.4.

Firm Infrastucture \
Infrastructure .
Intemelations : : ! :
H Humah Resource Mandgement | %
) ! L t ! ks
Technalagical : I 2
Intemelations [ T'?hnqlnm" D'"!me'nt ; \
F'FDGUFE_H'IEI'* : ! Procurement :
Intemalations ! ! ! !
Inbaund Qutbound Makating
Logistics Operations Laogistics & Sales Service G
&
. A A
' '
Froduct Interrel ationships Maket Intemnelationships

Figure 2.4 Porter’s Generic Value Chain Model

(The image cited frdrtip://www.learnmarketing.net/valuechain.htm

A company’s value chain requires that the intemtardependent activities should be
connected and coordinated by linkages, linkagesnadteate trade-offs in performing
different activities that should be optimized (fort1998). The value chain should
deliver a margin and help in determining and ganicompany’s competitive
advantages. Through the value chain framework, eomes can diagnose and
improve a company'’s internal activities, it willsigt in performing these strategically
key value activities cheaper or better than its petibors; on the other hand, through
the value chain, companies analyze the source®mpetitive edge and determine
relative strengths and weakness, so that compaaresreate new ways to add value
to their customers (Bidgoli, 2004).
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Originally Porter's focus was on the individual nfiis value chain. In today’s
knowledge-driven, competence-driven and technolirgjyen business environment,
the concept of the value chain has been stronglicized over the past decade for

focussing less attention on the relationships witter firms (Vesa, 2005).

-- The Supply Chain

In the 1990s, manufacturers were increasingly lgkbeyond their individual
enterprise; it was the increasing interest in imprbsupply chain management (SCM)
(Gimenez and Ventura, 2003). SGkIthe planning and execution of supply chain
activities, ensuring a coordinated flow within tkeaterprise and among integrated
companies. SCM activities include the sourcing afv rmaterials and parts,
manufacturing and assembly, warehousing and invgrtracking, order entry and
order management, distribution across all chanratsl, ultimately, delivery to the
customer. The primary objectives of SCM are to cedsupply costs, improve product
margins, increase manufacturing throughput, and riowp return on investment
(Mayer, 2001).

SCM includes the management of the relationship®ngmall the participants
(suppliers, manufacturers, distributors, warehotrs@sporters, retailers and ultimate
consumers) who are involved in sourcing, manufafrand shipping products to
the end consumer. According to New and Westbro0k42, supply chain is the total

sequence of business processes, it is embeddeditbegrations:

(1) Operational integration: coordinates separateginess units in terms of inventory

management, scheduling, transport, marketing, amdproduct development.

(2) Functional integration: how management funcievithin an organisation work

together to further the organisation’s mission.

(3) Relational integration: emphasizes on the imated relationships between
suppliers, manufacturer and customers and all tisnbss partners along the supply

chain.

76



Applications for achieving the promise of e-manufacturing

The development of SCM started from an initial f®con physical distribution

management (traffic, order management, and war@igdgpartments), subsequently
inventory management and customer service werehMagioin SCM, followed by

production planning and procurement, in the end SGivhs a holistic strategic role

of agility and collaboration within and between amgations (Gunasekaran, 2001,
Seifer, 2003). In today’s fierce global market gasupply chain agility is a key to

success. An agile supply chain links the marketgland its distribution channels to
the procurement and manufacturing operations inh sacway that competitive

advantage can be achieved and maintained (Quayt®)2Being market sensitive,
agile supply chain is capable of reading and redponto real demand rather than
forecast-driven demand with little direct feed-fang from the marketplace. By this,
information shared between upstream and downstpaainers is real time under the
process alignment and a confederation of partnerdew and Westbrook, 2004). A
perfect SCM brings returns in terms of inventorgiugtion, avoidable out of stocks,
better forecasting and promotion planning, and ghéi speed of new product
introduction. The integration of SCM and CRM wiad to greater consumer insight
and higher information sharing of customer buyirajtgrns and behaviour, and in-
store measurements so as to enhance the respassven the supply chain to

customers’ demand (Kracklauer et al., Eds, 2004).

There has been growing interest over the past @ecadcerning the integration of
SCM and the value chain (New and Westbrook, 200&)e value chain is extended
to include marketing channel activities as welll@gistics tasks, the concept of the
value chain is an ideal vehicle from which the eabased supply chain was
developed, and an integrated system should berdssig enable the supply chain to
be cost-effective (Gattorna and Walters, 1996)adulition, there are clear linkages
between value-adding activities, core competencesnpetences and resources.
Resources form the inputs to the organisation’sueradding activities, while
competences and core competences provide the akdl&nowledge required to carry
value-adding activities out. The more that core petances can be integrated into
value-adding activities, the greater will be théuesadded (Campbell et af!%22002).
Core competence intimates unigque capabilities that organisation has over
competitors, such competitive advantage, will masenthe share of future

opportunities a company could potentially accesthiwia broad opportunity arena
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(Hamel and Prahaland, 1994). Core competence &ewgy to tomorrow’s market,
the core competence approach coupled with Portatige chain can be seen as one of

dimensions in maximizing corporate value creatidal{e based management, 2005).

2.1.8 Efficiency in Lean -- Doing Everything With Less

The idea of lean manufacturing (1990s) was evolneNorth American (Goranson,
1999). The lean concept integrates the most essedapanese production
management principles from the 1970s and 1980s, Kaigen, JIT, and TQM
(Gunasekaran ed., 2001). It redefines waste. In hmanufacturing the term waste
considers the waste of physical material, but a@emonstrates the waste of wrong
transfer of resources to the end customer. If tiek @istomer won't pay for it, it is
also wasted (Vorne, 2002).

The key lean manufacturing principles are summédrae follow (Gunasekaran, ed.,
2001):

+ Perfect first-time quality - zero defects, revegli& solving problems at the
source

« Waste minimization — eliminating all activities th@do not add value & safety
nets, maximize use of scarce resources (capitaplp@nd land)

« Continuous improvement — reducing costs, improvipgality, increasing
productivity and information sharing

« Pull processing: products are pulled from the corsuend, not pushed from
the production end

» Flexibility — producing different mixes or greativersity of products quickly,
without sacrificing efficiency at lower volumes pfoduction

« Building and maintaining a long term relationshipthwsuppliers through

collaborative risk sharing, cost sharing and infation sharing arrangements.
Clearly, lean manufacturing pronounces to delivexximum value and minimimum

waste in the manufacturing process (Vorne, 200Xamvhile, lean manufacturing

generalises broadly training staff instead of hg\specialised staffs, and empowers
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employees to identify and solve production problemgeam and to take on the
responsibility for their own work. Continuous impeoment and waste fighting

initiatives are central in the principle of leanm#acturing (Gunasekaran, ed., 2001).
2.1.9 Efficiency in Agile

The term ‘Agile’ was coined in 1991 in the repantied 2" Century Manufacturing

Enterprise Strategy by a group of scholars leablé&yel and Dove at lacocca Institute
of Lehigh University in Bethlehem (Cunha & Cruz,08). Agile manufacturing came
into view in the 2000s, is defined #®e capability of surviving and prospering in a
competitive environment of continuous and unpredliet change by reacting quickly
and effectively to changing markets, driven by amustr-designed products and
services (Gunasekaran, ed. 2001). In the 1990s and beydndhad become

increasingly difficult to simply choose one strategnd believe that this was the
formula for success (Brown, 1996). It had becongentto connect and balance all
the pieces of advanced programmes that had beelerrapted in isolation (Duck,

1993). Agile is not flexible manufacturing or learanufacturing, agile manufacturing
evolves from FMS, CIM, and Lean. It absorbs all #vantages from the past
strategic development, manages them in a concevied and provides the best
management approaches that a business can prdicisceot only about the ability to

make things better, faster, and cheaper but alsotdbe ability to react quickly to the
change and the ability to anticipate changes (Guman1999). E-manufacturing
technology is recommended as a promising moderhntdogy to achieve agile

manufacturing (Cheng, ed. 2005).

2.2 Conclusion

This chapter draws on literature in a number of fiellsinufacturing management,
Manufacturing systems, IT systems, Supply chaibuEness/e-commerce, Customer
relationship management and so on. The purposki®fchapter is not to conclude
everything of manufacturing systems and technofgidut it delivers a
comprehensive review of how the manufacturing itrjusas been developed. Nine
efficiency factors were summarized to illustrateawiprogress the manufacturing

industry has come to today.
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3.0 CHAPTER THREE: LITERATURE REVIEW

Chapter Three objectives:
« Impact of the internet on businesses

* E-manufacturing strategies in literature

This chapter first summarises the impact of the ofs¢he internet on the act of
organizational communicating. This chapter alsoeshgates the breakthroughs of
internet-based applications and e-manufacturingtetigies that have been advised by

other researchers

Chapter Two outlines the growth of the manufactyrindustry, provides a broad
overview of manufacturing development. The follogvisection will discuss the

power of the internet and the strategy of e-manufax.

3.1 Impacts of the Internet on Businesses

E-manufacturing is concerned with the use of therivet and e-business technologies
in the manufacturing industry. Technological bréaktighs in the internet are crucial
to the implementation of the e-manufacturing pragre (Lee and Ni, 2002). With
the advent of wireless, broadband and the useeolagitop, the mobile phone and the
PDA, today’s access to the internet is not limitedhe computer desktop only. The
latest research in several areas of internet agifgits including: mobility, multimedia,

quality of service, voice over IP and wireless ascgellary and Lyengar, ed. 2002).

Six characteristics give the internet potentiald&iver special business benefits in
excess of existing IT technologies: Simplicity sy Breadth of access; Synergy with
other media; Low relative cost; Extension of exigtilT resources; Flexibility of
communications (Stroud, 1999). Up to now, the mé¢rhas become imperative for
manufacturers who want to closely align with sugj customers and other business
partners. The impact on corporate activities carsdéen in the follow four general

aspects:
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3.1.1 Impact on the Act of Organizational Communicting

The internet is an application for the masses, Wwhiarries out organizational
communication in an economic way: e-mail, e-conieeg e-forums, e-chat system,
and e-newsgroups, e-newsletters, etc. Holding atingeés no longer limited by
gathering all participants together in an assigmeeting room. Using a telephone or
a mobile phone to make a cheaper internationalceailbe achieved via the internet.
Wherever employees are located, the internet altbes to access the same level of
work-related information in an easy, convenient aintely way just as if they are in
the office. Bulletin boards encourage free dialogueee all participants are able to
post their opinions and react to others’ commebiscussion forums allow remote
members of the team to work together by using aotednic whiteboard, sharing the
same information and using voice or keyboards soudis the topics with each other.
As a powerful global communication network, theemiet links up people, offices
and operations into a single stretch, informatisrvirtually visible and reachable,

flexible and remote working becomes a reality.

The internet makes multi communication channelsilabi@ for people to

communicate with each other. Some fashions arepted in the Figure 3.0:

E-Chat system
E- Forum board Bulletin Board

Video-Conference Q - E-newsletter

ﬂ'

Email

Audio-Conference

g . Text Message
E-Newsgroups “

Telephone

Mobile Voice mail

Figure 3.0 Multimedia communication channels preddy the internet
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In addition, the internet also displaces the tradéloforms of business data and
information interchange (mail or fax). These mu#thia channels also allow
manufacturers to get hold of their business pastnerflexible ways. There is no
longer a need to hold while waiting for someongatce their call. Similarly, business
partners can interact with the manufacturer byntla@ner they prefer. A call centre is
used to represent how well the company treatsustoeners, where many customer
service representatives are employed to pick upptiene. But the evolution of the
internet creates multimedia channels to individasmkach customer’s contact choice,
and enables the communication with the customeemtfectively (Emerald Insight
Staff, 2005). Information can be sent via instanessages to customers;

representatives can answer customers’ questiortheviaeb.

To facilitate building online interaction, some tife techniques are suggested as
below (CCS,2008),
« Provide online opportunities for people to perfdira comment, consultation,
polling, inquiries or complaints at any time
» Allow people to participate in real-time meetingsaodiscussion online, or to
watch, listen or speak via webcasting or podcasting
¢ Improve the post-event experience, written or tapEmbrds of an event are

stored online.

3.1.2 Impact on B2C and B2B

The publicly accessible website presents severaloitant site features such as
Interactivity, Publishing applications, Community ppdications, Catalogue

applications and Transaction applications (Zhuamt)lzederer, 2004). These features
imply the website is multi-functional. It is an apeommunication exchange place in
which manufacturers can advertise their producissethinate their products and
corporate information, answer queries, obtain sstges, feedback and complaints,
and significantly creates an online market in whmthnufacturers have extended their
linkages out over unlimited suppliers and customAssa device for communication

and commerce, the internet provides not a domesti@a global e-business network,

and has changed several processes in trading aptysthain.
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Using email, deploying EDI, and having a website imoadcasting company and

products information are called the first wave obusiness; the second wave

indicates the enhanced performance of e-businegspts and a general and massive
e-business opportunity in many sectors of the exgyn@ioek, 2001). The evolvement

of e-marketplaces represents such second wavesitekpanded the philosophy of

B2C/C2B/C2C into the prosperous B2B area (Brunia).e2002).

A B2C online shop is analogous to a store on tfeestbut it has less investment than
a physical store does and can be visited 24 hodesya7 days a week by customers
all over the world who are able to access to thermet, electronic transactions can be
completed any time, goods can be directly delivécedome. Doing business on the
web establishes an open trading approach whicls gigkters access to new customers
and brings largers numbers of buyers; on the oltzard, it expands the choices
available to buyers. To maintain relationships vatistomers and hold the customer
database, sellers encourage customers to regsteedeiving e-newsletters of new
products and promotions or to become a member o @aints and other benefits.
B2C e-commerce fuelled the first stage of e-commened created the e-commerce
model, but the successful leadership companiesgeigan B2B e-commerce define
the next phase, their B2B successors will reallze full potential of e-business
(Raisch, 2000).

The initial B2B e-commerce was established via Ei2ating programmatic linkages
between the manufacturer and its suppliers or ousts, it was point-to-point
interfaces via primitive computer protocols. Theeegence of value-added networks
(VAN) enabled EDI to deal with one-to-many relasbips. Automatic electronic
transactions are based on the negotiated conifaet.early philosophy of B2B e-
commerce centred on the buyer-seller transacticeravthe two entities are known to
each other. The close relationship helps in autimmgdbe replenishment process and
improving information transparency, but it is liext to a relative level and displays
only partial efficiency that turns upon the buyedahe seller all using EDI (IBM
Redbooks, 2003).
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E-Marketplace appears as a cooperative distribusgdtem that integrates
participating business entities, including conswsnersuppliers and other
intermediaries, in which trading is conducted disebetween buyers and sellers via
the internet (Gupta and Sharma, 2004). E-marketptapresents an integrated body
of people, systems, information, processes, sesviaed products (Singh and Huhns,
2005). It provides one-stop shopping place fordangimbers of buyers to access a
broader range of products and services offeredabyel numbers of sellers across
various e-marketplaces; likewise, sellers can reatiacover, and develop new
customers across various e-marketplaces quickly Mt cost. It supports any-to-any
relationships between different business entiti€spta and Sharma, 2004). E-
marketplaces enable different industries collabonatcross the value chain, and
delivers core value to all participants, a win-vien all (Bidgoli, 2004). It has become
the digital trading zones of the world markets. Bhenarketplace has been developed
to handle not only buying and selling but also cawanufacturing, distribution, sales
and marketing for the realization of supply chdajeatives (Raisch, 2000).

A brief introduction of the classification of E-nkatplaces is provided as below. E-
marketplaces emerge in many different business teadgich may be controlled by

sellers, buyers or neutral parties (Kamel, 2006):

* E-marketplaces controlled by sellers are usually uge by a single seller
seeking many buyers.

¢ E-marketplaces controlled by buyers are also cdlledsortia e-marketplaces,
which are established on an industry-oriented basigally jointly owned by
several key enterprises that have the power to éibeeir industries, have
long-term trust relationships in place and havefitencial power to execute a
long-term strategy (Raisch, 2000). It aims to camhiheir purchasing power
to shift market power and value to their side.

* Neutral or independent e-marketplaces are set upitgparty intermediaries

to match many buyers to many sellers, such as BdipaBay etc.

E-marketplaces may be also generally classified irdrtical or horizontal by the

market-sector coverage. A horizontal marketpladdresbes a specific function (e.g.
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human resources, office supplies) and serves a vadge of industries, while a
vertical marketplace focuses on a wide range oftfanalities in a particular industry
for better supply chain management (Kamel, 200@hek vertical or horizontal e-
marketplaces may be divided into private or publimarketplaces depend on who has

access to their services, namely private partigseopublic (Bidgoli, 2004).

* Private e-marketplace: (one-to-many): run by alsimgmpany, connected to
its own group of business partners

¢ Public e-marketplaces: run in the open by a thiadtyp bringing multiple
buyers and sellers together to exchange informapaonchase products and

services, and collaborate with each other.

E-marketplaces also provide dynamic trading appgrescsuch as auctions where
dynamic pricing has potential benefits for all papants to obtain efficiently the best
possible price for goods and services through peiftg real-time interaction

between participants (Milutinovic and Patricellid.E2002). Auction-based market is
segmented into: (1) Open auctions: bidders know hiidevalue of the others; (2)
Closed auctions: the bids are not disclosed. imgesf the number of participants on

the buyer or seller side, an auction may be dividéalfour categories (Turban, 2004):

¢ One buyer, one seller: known as bargaining markieérev customers and
suppliers meet their own objective functions vigotetions.

¢ One buyer, many sellers: (1) One model is knowneagrse auctions also
called bidding or tendering system; (2) Anothefriame-your-own-price” in
which a would-be flight ticket buyer specifies thece and other terms (e.g.
the location of the seat, direct / indirect flightt.) he/she is willing to pay for.
This model was pioneered by Priceline.com.

* One seller, many potential buyers (forward auciotnades are executed in an
open and competitive bidding process, in which leeisentertains bids from
buyers.

¢ Many sellers, many buyers (double auctions): stecidscommodities markets
(exchange) are typical examples of this configorgtin which buyers and

suppliers negotiate prices with a bid-and-ask syste the price is unstable

85



Applications for achieving the promise of e-manufacturing

and publicly agreed upon for each commodity indelpah of a particular
supplier and qualitative differentiations. Buyerglasellers can be individuals

or businesses.

Only buyer-driven e-marketplaces are pure B2B ekstptaces, the others are
currently primarily B2B, but have the potential tee also B2C. Most of e-
marketplaces have one common characteristic: thyg hogether multiple buyers
and suppliers through the internet to match bugadssellers’ needs (Milutinovic and
Patricelli, Ed., 2002). E-marketplaces bring gre@portunities for sellers and buyers
to trade in a more open environment toward a win-gituation and make new
trading partnerships. The role of the twenty-ficentury e-marketplace will evolve
from a simple matchmaker of buyers and sellersetover real horizontal trust-based
industry collaboration; a perfect e-marketplace | wile a fully transactional
environment integrated with ERP, CAD, CRM etc.wihich the relevant information
will become transparent to all users to allow muaeticipation from the multiple tiers

in the supply chain (Raisch, 2000).

In conclusion, conducting businesses on the weleapspo be an attractive prospect
for most companies. An e-commerce website providegporate and product
catalogues information, delivers an instant awaseng price quotations and live
stock availability, automates order confirmationd gpayment process, and allows
order and customer tracking. When e-commerce mbegsnd basic transactions and
into being customer-responsive, businesses witeagingly use internet technologies
to focus on strategic relationships with the inédigmn of suppliers, customers and
other partners to establish dynamic collaboratre®mmerce that provides a win-win
situation. Such collaboration allows business gasgrio access the company’s real-
time production plan and inventory via the intern€he internet is an integrated
network orientation. The internet actualizes supphain activities through the
integration of the internal functional activitiesngrketing, logistics, production,
procurement, etc) with external activities perfodr®y different organisations. The
goal of delivering win-win satisfactions determinesw well firms work together
with sharing risks and resources to combat compet{Overby and Min, 2001).
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3.1.3The Impact of the Internet onExisting IT systems

It was a natural development to integrate the inteamet traditional IT systems
(Stroud, 1999). Current systems such as manufagtugkecution systems (MES),
SCM and ERP systems are incapable of enabling raatwrérs to dynamically and
cost-effectively integrate, optimize, configuremsiate, restructure and control their
own manufacturing systems and their supply netwofkkang, et. al, 2006).
Successful B2B is not dependent on a specific hareler operating system, the key
issue is interoperable that means separate systeed to be linked together by
accepted standards which enable data and informatczessibility and usability
across different technology platforms, and thenrafjee as if these independent

systems are a single entity (Milutinovic and Pafiic, Ed. 2000).

3.1.3.1 Enlarged Interoperability

As the importance of alliances with customers, rEag and suppliers to deliver
successful e-commerce increases, more and moraisagians use the internet to
assist systems interoperability. Organisationsitiiially improved internal processes
through ERP are now examining how the integratibBERP and the internet can help
them improve processes extended beyond the erdgerpoi their customers and
suppliers (Themistocleous, Marinos, Ed, 2005).ak been argued that the complete
integration of the internet with design, plant flosupply chain, MRP/ERP, and CRM
can be considered as a successful implementatia@nednufacturing (Cheng, Ed.,
2005). Web-based CRM provides a channel in whichinesses can continually
engage customers, accurately measure and recotohmrsknowledge, and satisfy
customers (Raisch, 2000). But CRM should not ontggrate functionally at the front
office but also integrate with back office functo(Bradshaw and Brash, 2001). Such
e-linkage is to synchronize the requirement of $upgpnd demand to enable
manufacturers to make an order within a minimund l@ae. Once a customer order
notification is received through CRM, stock availigy notification will be sent to the
customer immediately, meanwhile, manufacturerd sfaeration planning of an ERP
(Themistocleous, Marinos, Ed., 2005).
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Most small to middle-sized B2B have been lockedaswg-business opportunities due
to the requirement of expensive communication cbenand the high cost of back-
office integration efforts (Reynolds, 2001). ED@klivers the direct routeing of
information from one computer to another with treame standard of translation
software, but without an agreement upon such stdnoetween the two computers,
EDI processes will not work (Martin, 2002). Crosshistry players such as
transportation companies have to learn and implérdigierent EDI data structures
depending on the industry they serve and the regiowhich they operate (IBM

Redbooks2, 2003). The advent of user friendly wetwbers in the early 1990s gave
rise to internet-enabled EDI that are flexible aifibrdable to SMEs. As traditional

EDI is lacking in the international standard fornfat data transfer and is also
expensive for SMEs to deploy, the internet haslifatgd EDI communications in a
simple and less expensive way for non-EDI-estabtistpartners and different
versions of EDI via mapping the content of an EDdssage to a text file to allow
users to key in information (Stefansson, 2001). -@rene or one-to-many EDI

transactions can now turn to many-to-many.

CAD hasthe same problem as EDI in respects of data chbegween the two
different versionsBy the integration of the internet with CAD, it dod@s a nhumber of
designers/engineers who are in different locattonsew and manipulate each other’s
CAD models or drawings simultaneously across tiermet. It also allows emailing a
CAD design and having it analysed and converting iainother format, as well as
downloading the latest drawing from the intraneestranet anytime irrespective of
where the permit of users are in the world. Sudttebnic collaboration facilitates
suppliers, manufacturing and customers to desigmymts together and exchange
ideas at the earliest stages of the product denedap process, decisions can then be
made faster and more easily, it results in shantgtine overall product development

time.

Translating data from the old system to the nevom+oerce technology is one of
solutions to improve IT systems interoperabilithet than abandoning an old system
entirely (Helicon Publishing, 2005). One of thehrologies is Extensible Markup
Language (XML) which is a Markup languages for doemts containing structured

information, defines a standard way to identifyistures in a document, so that richly
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structured documents could be used over the wel, BD|I data can travel inside
XML (Milutinovic and Patricelli, 2002).

3.1.3.2 Accomplished Mobility

By integrating with the internet, applications sl @hERP/SCM/CRM can be mobile
with users. It allows relevant people easily taktadwvith them out into the field. By
doing so, sales representatives can remotely eapales order information and check
inventory levels so that customers’ queries areagéwvable to be responded to
immediately. Especially those multinational entesgs that encompass several
geographically separated sites, through the intemenagers can remotely access
work-related data, professional and technical wrkare able to monitor and
troubleshoot processes. An E-CRM solution has tele @mponent which will allow
external customers and internal sale represensativeaccess information anywhere
via the web (Emerald Insight Staff, 2005).

Coupledwith advanced ICT technologies and the developmenti@tdexmunication,

organisations now can use mobile ERP to dynamidadlgk and optimize delivery
routes and schedules, and the use of hand-heldlesadmd wireless devices allow
such capture and retrieval of data “anytime andwvugye” to maximize the operation
of the ERP system (Willis and Willis-Brown, 2008atellite-based global position
systems have been used in business for tracingstiaued inventory. Radio frequency
identification (RFID) technology is used for autdioally tracking the movement of
tagged inventory from receiving, quality assuramsgpection, work-in-process,

packaging and final shipping and distribution.

However, the accomplished mobility delivers selfveze functionality to benefit both
internal and external users 24/7. For instancetoousrs can ask questions,
troubleshoot, track orders and shipments, and rpakenents through a secure, self-
service web portal without waiting for sales reprgatives. Significantly, the use of
the internet enables manufacturers to deliver remotistomer support with
competitive edge. The advanced online remote dstgrso(e-diagnostics) capability

provides a broad range of real-time online custom@pport services including
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monitoring, diagnostic, preventative maintenanced aepair to rapidly resolve
problems of equipment. Such remote detecting tdolgies have resulted in reduction
in manufacturing downtime, mean time to repair (MR)Tand needless service calls
and on-site maintenance costs. Moreover, e-diamsosire utilized not only to
remotely maintain equipment, but also to be ablentmdify and upgrade system
software from a centralized location without theeth¢o send a technician in the field

or to teach customers to do it themselves.

3.1.3.3 Impact on Suppliers’ Responsibility

After decades of the growth of cross-enterprisdabokation, the trustfulness and
integrity between the manufacturer and the suppéerbodies the cooperative
management more than just information sharing. iMicaglly, the customer
independently makes inventory reorder decisions iaitiites the purchase order
and what the supplier can cooperate with are toncomicate product pricing and
availability, take the orders and in the end previde actual goods (Bendoly, 2005).
EDI have been proposed as increasing responsivemesstomers and facilitating the
creation of collaborative partnerships, but EDI sloet provide equal benefits to all
trading partners (Swatman and Swatman, 1992).dmifld 1980s, Vendor Managed
Inventory (VMI) as a concept of collaborative stgt was developed to shift
responsibility of maintaining and managing custonmerentory levels from the
customer to the supplier through automated collaing electronic information
sharing between these two parties (Jespersen gott-Bkrsen, 2005). At its most
basic level, VMI is an inventory replenishment marg in which the supplier is
allowed to access the customer’s essential data @signventory levels, downstream
customers’ demand, historical production usage dathforecast data etc. (Bendoly,
2005). By continuous monitoring the customer’s 4tgak inventory levels, when
product levels come to an established re-order tpdire supplier automatically
generates the inventory replenishment order withwaiting to be notified by the
customer. VMI can be vendor controlled but alsa@umer controlled, if the customer
has multiple locations, logistics and transportatisay be handled by the customer’s
personnel (Deshmukh, 2006). However, VMI reduces riked for the customer to

place an order, is the ultimate Kanban system iithvthe level of inventory is never
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allowed to go below or exceed the certain stockengls and no material will be
delivered if the inventory is at its proper stoakievels (Paquette, 2004). Indeed VIM
is a win-win strategy. Keeping large stock is sesna way to improve customer
services that could result in duplicate inventoragsthe supplier, distributor and
retailer (Broeckelmann, 1998). By the implementatiof VIM, the duplicate
inventory and the waste caused by this redundanityo& removed, the total supply
chain cost are therefore reduced. While the custdmeefits from higher product
availability and lower inventory costs, the suppkgso benefits from lower overall
costs, increased forecasting precise, better ihsightomer demand, and increased

customer retention and sales (Bendoly, 2005).

VMI started in the retail business, viewed as a uf@cturer, distributor or reseller to
a retailer or other merchandiser (Pohlen and Ggld8b03). There are other similar
collaborative-based programs appeared in othersings such as Supplier Managed
Inventory (SMI), Continuous Replenishment PrograrfGRP), and Efficient
Consumer Response (ECR) initiated in the grocedustry and Quick Response
(QR) in the apparel industry which are all undee thmbrella term Automatic
Replenishment Programs (ARPs). Too often produpplsufails to match up with
actual demands especially at the retail levelestutts in excessive inventory or lost
sales opportunities, the essence of APR is baseatieoprinciple of “pull system” in
which inventory restocking is triggered by actuahthnds rather than relying on the

anticipatory demand (Madu and Kuei, 2005).
SMI is often viewed as synonymous term of VMI, whitwvolves the flow of raw

materials and component parts inbound to a manufagt process (Pohlen and
Goldshy, 2003). Figure 3.1 illustrates the differebetween VMI and SMI.

T - b =
SMI VMI

Supplier Manufacturer Merchandiser

Figure 3.1 Differentia of SMI and VMI (adopted frétohlen and Goldsby, 2003)
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Continuous replenishment planning (CRP) emergeédanty 1990s as an EDI-based
system which extends the use of EDI links to impromventory visibility.
Customer’s stock availability, the volume of salasd products in-transit are open to
the supplier, so as to the supplier can make ptamuplans to match the customer’s
actual demand while keeping inventory levels as bmsvpossible (Monteiro et al.,
2003). CRP moved one step ahead of VMI with prongdstock levels in retailers’
stores to the supplier, for the first time, PoiftSale (POS) data is used to generate a
sales forecast (Barratt and Oliveira, 2001). Howe&¥BP also imposes constrains on

smaller organisations (Monteiro et al., 2003).

In the food industry, Efficient Consumer ResponSER) was initiated in 1992 to
transform the once adversarial relationship betwesanufacturers and retailers
(Gattorna, 1998). Based on trust, confidentialid amutual benefit, both parties
jointly agree forecasting techniques and the seppiakes over responsibility for
replenishment using up-to-date sales informatiah sales promotions plans from the
retailer ( Cox and Brittain, 2004). ECR is all abtww retailing and manufacturing
work together to manage supply and demand in atireal situation to maximise
consumer satisfaction and minimise system costseruldresponsive, consumer-
driven system (Tijskens et al, 2001). ECR promie#®&iency in four core areas:

category management, replenishment, promotion amdupt introduction.

Whichever VMI, SMI, CRP, or ECR endeavours to redtle total supply chain cost
relied on stronger partnerships and real-time edaat information transmission
(Broeckelmann, 1998). These methods bring greaefiierto all parties and have
grown into the latest known as Collaborative Plagni Forecasting, and
Replenishment (CPFR). CPFR was introduced in 198k&lwstrived to cover the
gaps left by VMI and CRP in relation to promotiondanew product introduction
processes (Barratt and Oliveira, 2001), and geneaichronisation in the
manufacturer’s internal functional departments féesen and Skjott-Larsen, 2005).
Briefly, VMI or CRP mainly focuses on collaborationconcerning

replenishment/reordering, but CFRP clearly involaesiore complex set of players,

focuses on the entire process and planning aesvdimong all involved parties that

92



Applications for achieving the promise of e-manufacturing

include all the three processes of collaborationanping, forecasting and

replenishment, and makes use of the internet taeaehwin-win and integration

(Jespersen and Skjott-Larsen, 2005). Through bssipnning and forecasting, and
the use of data from supply side and consumer #iile, interdepartmental working

relationship enables production, delivery, warelmoy&nd promotion to get aligned
among all relevant parties (Kracklauer et. al. E8804). CPFR distinguishes itself
from SCM by focusing on the improvement of the gnéded operation process, as
well as the inclusion of it development possikektithat support optimization and
integration of the individual processes; and thecept of SCM focus on the choice of
the supply chain’s strategic composition, doesgmwto the depths in its suggestions

for how integrated processes can be taken plaspddgen and Skjott-Larsen, 2005).

Harrold (2001) assures that e-manufacturing mush fine foundations on which the
e-business is built. In his view, e-business medinactivities could be done in real-
time and on the internet. In the full implementeananufacturing scenario, e-
manufacturing has been understood as a kind ofrnetdased just-in-time
manufacturing in which customers, manufacturers aungpliers can take part in
manufacturing activities in a way of collaboratiand online mode (Jiang, Ed. 2007).
Therefore, the internet technologies breakthrougine needed to achieve the
following key requirements for successfully opergti an e-manufacturing

environment (Girdhar, et. al., 2004):

» Scalability of systems—once information is availib people, many more
people will immediately want to make use of it

» Variety of connectivity options—to handle many datairces

* Intuitiveness or organisation of information—peosgl®uld get the data easily

» Personalization of information needs

» Adaptability to constant change

* Rapid development-faster time to the market

» Legacy system integration—few people have the mamrel/time for totally new
systems on a frequent basis

» Application inter-operability

* Management
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» Security

» Diagnostics

SMEs have to be ready to work with the informatsystems of their partners and/or
customers (Ferreira, 2004). This research will stigate whether manufacturers’ ICT
systems and internet-enabled applications havetimeabove requirements; whether
ICT solutions targeted to SMEs have been done uaill distributed design,
distributed planning and support the networked rpnise.

3.2 How to Transform Traditional Manufacturing into E-manufacturing?

E-manufacturing is to use electronically transniittevowledge to design products,
transmit orders, procure component, drive prodactiachines, and follow it up with

remote product maintenance in the field. It linkstbries to one another, to their
supply chains, and to dealers and customers (RandsSpekman, 2003). The broad
aim of this research is to develop theories ofgmidn of IFNs for manufacturers to
achieve the successful transformations. On thestmddhis aim, the literature review
will discuss the strategies of the implementatibe-mnanufacturing which have been

developed by the other researchers.

E-manufacturing can have two applications: tactarad strategic. In the former, the
internet is used to monitor the manufacturing flaod materials handling to ensure
optimal operation on a remote basis, provide basgiermation regarding work in
process, inventory and other problem diagnostits satrategic level, the impact is
more profound, e-based systems across a supplyoriefpvovide business process
visibility of capacity, processing, and inventorfesm raw material to finished goods
(Bidgoli, 2004).

E-manufacturing takes into account all aspects ahufacturing - sales, marketing,
customer service, new product development, procenémsupplier relationships,
logistics, manufacturing and strategy developmentheghire Henbury's
manufacturing, 2005). It requires a new approacim#mufacturing and distribution

systems throughout the design, operate, maintainsgnchronize competencies. The
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strategic alignment of people, machines, materéaid products is necessary to

enlarge the capability and visibility of supply @& (Bidgoli, 2004).

According to Girdhar et. al. (2004), e-manufactgrie enabled to achieve build-to-

order and maintain non-stop operations by the foflour competencies:

Design: the ability to rapidly deploy and reconfigunanufacturing production, fast
product introduction in response to changing madeshand is a critical competitive

advantage and a key to growth.

Operate: optimization of process yield and consistehroughout the enterprise.

Maintain: efficient management of all company assanaterials, processes, and
employees to ensure non-stop operations and optiemssat productivity in a fast-

paced environment with a solid information foundati

Synchronize: tight coupling of a manufacturing @iem into the greater supply chain,

both up- and down-stream.

But without the aid of smooth information channelsieliver timely and transparent

information, none of the above four competencieshlmachieved.

Rockwell Automation (2000) identifies four key réuments to the successful e-

manufacturing as:

(1) Integrated plant-floor automation architectute accomplish near-zero downtime
operation in any number of plant locations worldsyid

(2) Seamless connections to enterprise systemdeehtiivough software and services;
(3) Comprehensive asset management and reliabédityred maintenance;

(4) Tailored e-business strategies for supply-clefiiciencies.
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However, these four requirements are not sufficitmt achieving successful e-
manufacturing. The requirement of the single iratepl database is imperative to

ensure the above four requirements

To effectively implement e-manufacturing, Lee (2D0&so suggests that four

enabling tools need to be developed as follow:

» Data and information transformation tools:
Data exchange tools are needed to share data atifiesent applications and across
company boundaries through the web-enabled suriogsdprovide a transparent,
seamless and automated information exchange prdoessable an only handle

information once (OHIO) condition .

* Prediction tools:
To improve the utilization of plant floor assetslvanced prediction methods and
tools are needed to detect degradation, performdose or trend of failure,

breakdowns, etc.

¢ Optimization tools:
Optimization tools are needed to compare performaradue at different states for

effectively monitoring the performance of manufairig operations.

¢ Synchronization tools:
The synchronization element provides the requiretegration with e-business
systems including CRM, SCM, B2B e-commerce systdmsutilizing the latest

predictive intelligence methods and tether-free (nireless, web, etc.) technologies.

The above discussion sets good directions for edfaaturing research and
development, but they do little to facilitate maaeturers to extend the collaborative
relationships with the sub- tiers suppliers/cust@né&-manufacturing is currently
under development, this is not surprising when rteédgy is always changing and
moving ahead, and the internet has not been usthe@ whole manufacturing industry.

E-manufacturing as a promising avenue, it is carsid important to reconcile some
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basic concepts from competitive strategy and manufeg strategy. According to
Krar and Gill (2003), the biggest roadblock to sssful e-manufacturing is the lack

of integration. They provide some common guidef®iow as below:

1. Embrace the internet—everyone in the company, éspetnanagement, must
understand the change that is required, and thenpak benefits of e-
manufacturing.

2. Decision-making process—engineers familiar withnploor processes, and the
information can contribute greatly towards the ssscof e-manufacturing.

3. Leadership role—the leadership role should be #efinassumed so as to each
part of the company realizes the importance ofrmfttion technology.

4. Step-by-step process—never attempt to do everythdingnce, was a lesson
learned

5. Measuring success—Initiate a program where thengavand efficiencies of e-
manufacturing can be recorded

6. Establish relationships—analyse how well the comgpamorks with their
customers, supply partners, distributors, and esttoy improve relationships and
procedures.

7. Build on foundations—Incremental successes alorgwtlay help everyone to
accept information technology, until full implemation of e-manufacturing
strategy occurs.

8. Expert help—Contact companies who have successfutiplemented e-

manufacturing for advice when problems occur (Knad Gill, 2003).

3.3 Conclusion

The previous researches highlighted the strategiesinternal manufacturing
development and collaboration with the first tiempgliers/customers, but did not
emphasize manufacturers should also have a comrethe second and/or the third
tier suppliers/customers. If the manufacturer'soseictier suppliers are unable to
deliver materials on time to the manufacturer’stfiter suppliers, it will result in the

first tier suppliers can not keep their promisethi® manufacturer. The domino effect
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should be considered. This research has takenaictount this issue to deliver a

complete e-manufacturing implementation.

The corresponsive research work in e-manufactuiggstill under exploration.
Different researchers have diverse emphases omefawuring. In sum, the internet
and e-business technologies are essential toolchwhiay the foundation for
information synchronization across geographicallyspdrsed locations and
irrespective of different IT systems for levelssuipply chain visibility. The strategy
of integration and collaboration is essential to kenathe philosophy of e-
manufacturing work. Therefore, this research wilcds on delivery of e-
manufacturing in B2B and B2C side to fulfil prediseustomer requirements with
quick response by the improvement of manufactuimigrmation flows along the
supply chain to improve the whole supply chain peses being of automation and
connectivity, and to ensure that customer demamdserial supplies and production

are cooperative in a real-time situation.
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4.0 CHAPTER FOUR: RESEARCH METHOLODGY

Chapter Four objectives:
» Two pitfalls of completing this research
* Research methods and techniques

» Processes of completing this research

This chapter introduces the major steps of compiethis research. It covers the
research planning and design, data collection amdlgsis, the strategies used and

the approaches applied to achieve the aims andctisges.

“Never have we needed a good crystal ball morenthvwe do today. Yesterday’s
answers to business challenges no longer solve yaxlproblems.”
--Paul Timm (1994)

As manufacturers are enclosed in a dynamic enviesmmnew ideas, new

technologies and strategies for providing new goadd services are always the
lifeblood for every manufacturer. Therefore, camgyiout research for solutions and
revolution will never be stopped. The purpose & Husiness research is to give
dependable answers and new ideas to manufacturaidems, and brings up fresh
strategies for manufacturing evolution (Timm, 1998his chapter does not discuss
the importance of the research, but describesebearcimethodology that has been
applied to this project. Methodology is known as fitience of methods and contains
the standards and principles employed to guidectimce, structure, process and
method, as directed by the underlying paradigm af®akos, #, 1998). A set of

arrangement and plans were drawn in advance, afgkdeduring the progress. The
methodology is considered as an indicator to gulue researcher on the right
direction to go through the processes of collectanmglysing and interpreting data and
observations into knowledge. A faulty methodologyl \ead to the failure that must

be avoided in the beginning.
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4.1 Two Pitfalls

To avoid serious methodological mistakes, the fwihg two main concerns were

encapsulated in the research methodology:

1. Stay focus on the objectives fulfilled by rigégearch questions

To avoid the research from flying off at tangend aollecting the inappropriate data,
the research topic and questions should be kegsteirmind (Timm, 1994). Defining
the research questions is probably the most impbdtep to be taken in a search
study (Yin, 1994). Not know where the research &hde going that makes the
research awfully hard to achieve the aims (O'Le26@4). Therefore, clarifying the
issues and problems under the research aims bggattke right business questions

was the first significant issues to the researachebeginning stage.

The major aim of this research is to achieve e-rfaturing through the development
of a new information flow network (IFN) that purmssto reshape manufacturing
supply chain management. On the basis of this s@wen questions were raised. The
first four questions as below were designed to stigate whether or how
manufacturers deploy e-manufacturing, and discavgr potential factors that might
impact on the successful implementation of e-mastufang in terms of information
flows. These four questions are fundamental whigbks to collect data to further

general knowledge and provide a basic outlineHerresearch.

1. Whatis the current good practice of e-manufactunmB2B and B2C?

2. What are the issues associated with the use ofredimeturing in B2B and B2C?
What are the key factors that affect the internssirailation and external
diffusion of manufacturing information?

4. What competitive success factors are emerging fileenuse of e-commerce/e-

business in other sectors that may be applicalileetonanufacturing sector?
These four questions are exploratory. Through seelanswers to these four
questions, the gap and the opportunity of the ptgseactice of e-manufacturing were

investigated. The research findings concluded helW mvanufacturers had been using
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e-commerce/e-business technologies for achievirgy dbile supply chain, and
illustrated causal factors that could effect theplementation of e-manufacturing.
These understanding provided the underlying knogdetb answer the following

three questions: the problem-oriented questionsdSaand teleological question 7:

5. How can manufacturers use e-manufacturing to imgptbeir internal performance
for the effective collaboration with the businesstpers?

6. How can manufacturers improve their supply chaimpetitiveness by the
implementation of e-manufacturing in B2B and B2C?

7. What are the general strategies of the implememtadf e-manufacturing in B2B
and B2C?

These three questions were designed to bring forwaspothesis and disclose
foresight and reached the solutions for the viowsi implementation and
development of e-manufacturing in B2B and B2C. @uas$ and 6 were designed to
know how e-manufacturing has worked. Question 7 wakeliver the solutions based

on the answers to the previous six questions.

The biggest obstacle of doing research lies inriiiguout what need to know and
achieve (Kane, 1985), in respect of overcoming tistacle, the following issues
(Kane,1985, Gray,2004) were considered into defiignabove seven questions to

avoid from losing sight of what the research haanlset out to do:

Do these questions fit into the original objects?

Have these questions broadened/narrowed the ti@fipi
Are these questions covering those irrelevant s3ue
Are these questions able to be studied?

Are these questions relevant to practical outcomes?

Are these questions valueless or ridiculous?
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These seven research questions are articulatetbim as below:

What are Figure out
needed to Who need What can be how to
know? to be asked? improved? improve

Figure 4.0 Articulated research questions

Well-articulated questions point out who need tariierviewed and what needed to
find out, the right questions even reflects typdsrasearch methods/tools to be
applied to achieve the aims (O'Leary, 2004). Mealewthe literature search was also

carried out to help in determining right researaksjions.

2. Use combinations of research methods

Once questions have been satisfied, the concerrtusasd to how to best go about
getting the answers. Business research is almestyal problem-oriented with the
objective of obtaining information to help solveecific business problem or make a
decision (Timm, 1994). Likewise, this research viasexplore specific problems,
obtain information and generate knowledge to sotlie problems out. The
combination of qualitative and quantitative appilo&a@s deployed to investigate the
research questions. Such use of two or more metbbdata collection in the same
object of the study is called methodological trialagion (Dazen, 1978).
Triangulation not only increases the validity of tihata, but also enriches reliable data
analysis in broad perspectives to deliver the gieshresearch findings (Carter, et al.,
2004). In practice, it is often the case that rpldtimethods will be used to help to
balance out any of the potential weaknesses in datd collection method (Gray,
2004).

Qualitative case studies and quantitative survestewsed successively in this study,
but the case study is the major application to tbsearch. Qualitative reseanmgiers
to a number of methodological approaches, emplognethods of data collection and

analysis that are non-quantitative, and aiming tosgexploration of social relations,
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and describes reality as experienced by the respotsd exploration becomes its
central element(Sarantakos, 1998). It is the most appropriate raggh for
exploratory than quantitative research which foattention on measurements and
amounts of the characteristics displayed by theplgeand events that the researcher
studies (Thomas, 2003). This study has a very igedbcus on perspectives of real
life, and understanding is much more important tbaltecting data. It took the early
step to explore the driving factors associated withsuccessful implementation of e-
manufacturing. As types of research questions emibe research methods used (Yin,
2003), these exploratory ‘what’ and ‘how’ questicam® favoured, using the case
studies as the major method to collect the datahisrresearch. In addition, when the
focus is on a contemporary phenomenon within soeadlife context rather than
historical events, the case study is consideredh,(M003). Case studies are
appropriate approach to real, complex, current lprob, are useés a pragmatic
research tool in order to understand thoroughly ttemplexity of a given problem
and to support decision makiri§cholz and Tietje, 2002)

Quantitative research is based on the collection cohsiderable data from
representative samples, while qualitative reseaptinsues fewer subjects but
investigating in much greater depth (Black, 199®)special-purpose quantitative
survey can provide the information to pair with extfcharacteristics for a desired
analysis (Fowler, 2002). In this study, a smalllscaurvey was applied to learn about

corner shops’ attitudes towards e-commerce.

4.2 Research Process
The processes of doing this research can be ggneralerstood as gathering data,
analysing data, and then generating new knowlddgecludes four critical processes

as follows:

(1) Definition phase: during this phase, the research topic and resegueltions

were defined. The research proposal was complaiedutline the aim and the

objectives of this research and indicate the metlogy by which the research could
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be achieved. The major proceeding of this phaseliveaature review that was carried

out through the research as well.

On the basis of the objectives, literature revieaswhe essential tool to help out
knowing the state of arts in e-manufacturing te¢bgies and the bottlenecks of
manufacturing management development; on the dthed, through learning other
researchers’ work and theoretical arguments, thafpshto identify the further

development trends, avoid duplication of any redeaaffort and establish research

guestions.

The sources of secondary information came from bedks, journals, magazines,
newspapers, online information, and conference npsapdanufacturing strategy, e-
commerce/e-business, information systems, supplainchmanagement and
manufacturing e-supply chain implementation str@®gare covered. The author

started looking through the wide views, and thezuéed on the specific area.

Literature review contributes knowledge to the agsk including:

(1) The impacts of the business environment on ffi@@turing development;

(2) The adoption of information and communicati@thnology (ICT) and IT in
manufacturing;

(3) The advantages and blemishes of widely useapflications such as MRP, ERP,
and EDI and so on; the need to integrate the iatemith these systems

(4) The use of the web-based technologies and iedasge-commerce for the
efficiency of the supply chain;

(5 The revolution of manufacturing systems fromsmaroduction, to flexible
manufacturing, to computer integrated manufactuyritoglean manufacturing, and

then to agile manufacturing.

(2) Data collection phase based on the definition phase outputs, a corelider

number of case studies were examined to look cloded current practice of e-
manufacturing in the manufacturing industry andnthie identify the issues and

barriers to the effective use of e-manufacturingganning from the successful
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companies facilitated a greater degree of undetstgrof how supply chains operate
now and how they might be enhanced by E-manufauifhe primary case study
data were collected through semi-structured inésvgi and observation. The
interview questionnaire was designed to collecadiost interviewees were in the
management positions. In addition, case studieg dignother researchers that were

useful to satisfy current research objectives weetkected as well.

(3) Data processing and analysis: during this phase, the data collected was
processed and analysed as soon as data becanabkyaibrrelations between results
were defined, and the concepts were developed ghr@onstant comparison with
additional data. In order to best answer the rekequestions, going back to case
companies for more data where needed was followgd Sufficient supporting
evidence allowed having deep insight of the prolsleand then providing a more
complete explanation of current situation and whe tproblems had occurred.
Through data analysis, the data was catalogued, candal relationships among
variables were discussed. The research did noy aaut the large-scale survey;
therefore, secondary data were serviceable whiohpt@mented the primary data to

reinforce the analyses and discussing.

(4) New knowledge creation and verification:with the understanding of the current

practice, the final phase was to deliver a vividatigtion of a desired future, identify
breakthroughs to overcome the existing barriers, @ecide the accurate inference.
The resulting theory was verified by the case camgsto avoid from any wrong

deliverance and impracticability.
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The above processes can be illustrated by the é-igdr.

Clarify the research questis
and
Complete the proposal

Phase 1
Literature Review Case Studies
Within one c;a;e/
Phase 2 Survey Interview
Questionnaire
v Telephon
l l Questionnaire
v
E-commerceSoftware Supply Chain ...... v Data Collection
b 4
Phase 3
Developmen
Exploratory Framework
Verificationf
/\/
Phase 4 Amended Framework Improvement
/\/
Output l —
Resulting Theory Implementation
/\/

Figure4.1 The research processes
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5.0 CHAPTER FIVE: COLLECTING PRIMARY DATA

Chapter Five Objectives:
* Interview guestionnaire design
» Case companies selection

» Case companies introduction

This chapter describes how the primary data wettected. Semi-structure interview
was the main approach to explore case companiesh \tthie assistance of a
questionnaire and case study mapping, it ensurédhal relevant questions were

asked during the interview, and quality answerseaastained and recorded.

The sources of evidence for case studies most commomiye from: documents,
archival records, interviews, direct observatioarttigipant-observation and physical
artefacts (Yin, 2003). Due to the limited spaceehehis chapter only describes how

the primary data was gathered by the interviewewegal case studies.

5.1 Case Study Interview

An interview is a conversation that has a structure and a purpasecareful
guestioning and listening approach with the purpo$ebtaining thoroughly tested
knowledge(Kvale, 1996). The well-conducted interview is awerful tool can be
employed to study those events that do not directlsne under the eyes of the
participant observer (Denzin, 1978). It is for ®iigy rich data on people’s views,
attitudes and the meanings that underpin theirlbebes (Gray, 2004). The interview
offers an insight into respondents’ memories anplanations of why things have
come to be what they are, as well as descriptibsiwent problems and aspirations
(Gillham, 2005).

The research used semi-structured interviews tdoexphe issues relevant to the

study. The semi-structured interview probes in®mg and opinions for respondents
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to expand on their answers that help towards mgetia research objectives (Gray,
2004). Mainly, interviews are inherently more flebe to ask questions that result in
having depth of understanding, in comparison withesgionnaires which are
appropriate for a large-scale or preliminary sur¢@ylham, 2005). In this research,
the semi-structured interview with some open-engigelstions obtained a wide range
of viewpoints of the informants. The follow secteill talk about how the interview

guestions were designed.

5.2 Interview Questions

This research used face-to-face interviews to cbdata with the help of the prepared
questionnaire (Appendix 1.0). The questionnair@ansintegral part of the research
design stage. The goal is to obtain the better arsto the research’s questions. The
design took into account two elements: relevanakaaturacy. According to larossi

(2006), these are two basic rules that make a gaedtion:

1. Relevance: The questions are enabled to gatherogie information
needed for the purpose of the study.
2. Accuracy: The questions are enabled to collectinfemation sought in a

reliability, avoid being difficult to answer or emtrassing,

On the basis of the research’s objectives and bloeeatwo rules, the questionnaire

looked at the following issues:

Company review It aims to get data about the company size, tenoand main
products (services). The company profile disclosikely relationships between
variables:a) Whether the size of companies determines the pbgsitf the use of
business to customer (B2C) or business to busii@)? b) Does the nature of the

products affect manufacturers to apply B2C and B2B?

Manufacturing Supply Chain It aims to know the linkage among the manufacturer,

its upstream participants, and its downstream @pants. This will help to
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understand how complicated manufacturers are rgnthieir supply chains and what

factors influence the implementation of e-commeB2€ and B2B.

The use of the internetlt is to examine how manufacturers have been uieg
internet to facilitate materials and informatioviing efficiently along the whole
supply chain. It also investigates the degree t&giration of all applications software

for the agile supply chain.

Unlike self-completion questionnaire filled by thespondents, this questionnaire is
the interview-administered paper questionnaire useda reminder to remind the
interviewer to ask all the necessary questions. duestionnaire not only served as
prompts in asking questions, but also was usedefoording the answers during the
interview. Some of the questions were open anchemhswers were expected to be
open. Such face-to-face interview is of flexibiliy ask additional questions. A few
guestions were raised as new issues since theyne¢r@nticipated at the start of the
interview. Every interview did not repeat all th@nse questions. It depended on the
each individual case situation. In addition, thegjionnaire was piloted in the first

case company and then improved to be more effective

5.3 Case Study Mapping

The sequence of questions is very important. If therviewer has difficulty

following the questionnaire or finding the correpiestion to ask, the flow of the
interview can be lost, together with the interest attention of the respondent (Brace,
2004). Hence, the case study mapping was producky tout the clear route for the
sequence of questions and keeping the interviewhentrack, which served as a
complement to the questionnaire during the intevvées additional questions to be

raised.
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Case Study Mapping

1. Company details
(1) Company’s mission and strategy
(2) Company size (Annual sales value and numbengbloyees) — relates to what
sort of ICT should be applied
(3) Type of industry—the selection of B2B or B2Chath
(4) Structure of company
¢ Functionally organised
¢ Divisionally organised
* Matrix organisation

¢ Bureaucracy

2. Product
(1) Main products produced
(2) Markets addressed
(3) Strategy adopted
* Make to stock
* Assemble to order
* Make to order
* Engineer to order
(4) Product core advantages compared with compegtitower price, higher quality,

better service....

3. Operations
(1) How physical material flows along the supphaith
(2) Production processes

¢ Jobbing production

* Batch production

¢ Line or flow production

¢ Continuous process production

(3) Core manufacturing processes

11C
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(4) How to handle uncertainty—(for knowing manutaet’s flexibility)

(5) Any need for shop-floor improvement

4. Raw materials purchasing
¢ Inventory control: just-in-time, season storagerage
* Volume of materials buying: large-scale, decergedion
» Priority of choosing a supplier: quality, pricesarvice

* The degree of coordination with suppliers (the bsigplier relationship)

5. Product distribution
(1) Channels of distribution
» Direct sales to customers
* Organised markets
*  Wholesaling
* Agents
¢ Franchising

(2) Relationships with customer

6. Current use of ICT and IT
(1) Intranet—information flows
(2) Extranet:

* B2B extranet

* B2C extranet
(3) EDI, ERP, MRP, CRM......

7. Purpose of using ICT

(1) Aims

(2) Benefits

(3) Gap between the practice and the objectives
(4) Further investment in ICT

8. Purpose of using IT
(1) Aims
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(2) Benefits
(3) Gap between the practice and the objectives

(4) Further investment in ICT

9. Integration
(1) The degree of the integration of individual gation software
(2) The coordination with suppliers and custombmigontal integration)

(3) Manufacturing internal coordination (verticategration)

5.4 Case Companies Selection

Purposes othe casestudy are for demonstration and learning, thereftire more
complex and contextualized the objects of reseafwh,more value the case study
approach is regarded to be (Scholz and Tietje, R0altiple-case study is strongly
believed to be able to reach the substantial fgslithan single-case in this research.
According to Yin (2003), the sampling logic and tigpical criteria of the sample size
are irrelevant to the multiple-case designs, inktease selection should follow a
replication, in other words, the case study setmea manner similar to multiple
experiments, with similar results (a literal replion) or contrasting results (a
theoretical replication). Based on this criteritihe selection of the number of cases
for this research was determined by the numbersé geplications and the certainty
of the results. To have a high degree of certaithiy,case study approach may press

for five, six or more replications to expand théeeral generalization (Yin,“S 2003).

The first case company is a wiring harnesses maturkzr which has succeeded in
taking advantage of EDI and MRP to achieve the @myjs objectives of shorter lead
time and low cost. This case was regarded as d silaly, since the interview
qguestionnaire was subsequently refined and improeed some thoughts were
developed. It developed a basic understandingeot#tse study processes. To ensure
the entire series of case studies to address #seanmeh concerns, a micro-enterprise,
and a medium-enterprise were involved as the seaaddhe third case. These three
case studies gave a deeper insight into the ofigy@othesis. To find more cases for

the study, the author emailed the members of thestWerkshire Manufacturing
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Excellence Club (WYMEC) to ask for a visit. To eféntly sample appropriate cases,
only those companies with email addresses wereidenesl. If a manufacturer does
not even disclose its relevant email address, utccassume that e-commerce is not
their big concern. Therefore, the traditional cohtmethods like mail letter were not
used. Sending out email was the first effort toitencompanies to this study. To
attract managers’ attention, the electronic questdre was attached to the email as
extra information, and it was an option whether aggrs filled in or not. It was 200
emails were sent off, of 45 emails were returnecerasr delivery addresses, of 9
emails responded that they did not do manufactuhemselves, and of 5 companies
said that they were busy and could not help with $kudy, and of 1 said the company
policy did not allow to give an interview. One coamy filled in the e-questionnaire
instead of giving an interview. In the end, thererev12 companies replied that they
would like to be visited, from which four noticeabtase studies were selected based
on theoretical usability and availability. Followjiron after emerging concepts, more
case studies were carried out, including agent eones, they were not the member
of WYMEC. Eventually, the sample of this case stedynprised eight representative
companies to support the arguments. In fact, thieoainas done more than eight case
studies, but some of them are not exceptional cabeh would not be repeated here.
Most of cases took a half day for data collectibhe report of each interview was
produced after each visit, and then was sent tacdnepany by email for validation.
These case companies were visited several timeafter the first interview. The
author spent two weeks in the last case compangsélleight case companies were

briefly described as below:

5.5 Introduction to Case Companies

Case 1was a leading producer of automotive wiring hasessfor car, commercial
vehicle and off-highway, and for industrial appticas and operates internationally.
The manufacturer was able to offer 6 weeks leatling, compared with 12-13 weeks
pledged by its competitors. This was achieved by tompany implements the
strategies of e-procurement and the tight relaligpgsswith suppliers and customers

across the supply chain, coupled with using advaiitesystems like MRP and EDI.
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Case 2was a micro-enterprise of full functions of design manufacturing and
selling military miniatures and wargaming figur@se firm sells products directly to
the end customers via the internet. Through itsnenkhop, the company took
advantage of the B2C e-commerce to target customerslwide economically and
effectively. Without an agent, the company manatexl shortest supply chain in

which the company was able to save the cost andrltve price to satisfy customers.

Case 3was a USA manufacturerdistributor centre in UK which supplied several
brands’ ranges of fasteners, components and equoigm®r construction and
industrial applications. The centre applied EDinMork in with the 80/20 principle to
achieve more with less. The company believed tlB&b &f the business’ sales and
profits were derived from the 20% of key customéfese company used B2B e-
commerce to hangs on to the 20% of key distributdre generated the company’s
80% of sales and 80% of profits. Through this cdsegised an argument against
whether a company developed B2C e-commerce it mightaffected by the

company'’s strategies and the objectives.

Case 4was one of the biggest international beveragecanfectionery manufacturers
in the world. The success resulted from accuratginess strategies and a huge
investment in advanced IT technologies. To be &bléeliver demand-driven supply
chains, the company overhauled the supply chainsapgorting IT systems, a five-
year IT transformation project had been undertakenpgrade the IT infrastructure
which aimed to integrate purchasing, manufacturingrehouse, distribution, sales
and marketing on a global SAP system. On an ondo&sis, global supply chain was
taking steps to enlarge IT capability in termsgi@ibal data synchronisation network,
data quality, sales telephony, EDI environment agdgr forecasting improvement,
finite capacity planning, wireless warehouse manege systems, product allocation

ability and so on.

Case 5was a family company had been producing qualigr gatting tools for more
than eighty years. The cutters were required by atn®motive, aeronautical and
defense industries throughout the world. As the ketarwas specific and the

competition was not fierce, the manufacturer paiterdion on the internal
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improvement through lean manufacturing system rathan fulfils e-commerce to

reshape supply chain.

Case 6 was the sales representative of eight manufactumebsch offered a

comprehensive range of world class laboratory egaits and support services. As
the company was small and had the sufficient olstaruers, the company was not
desperate to develop an online shop, but used IBeyB0 to manage automatic order

processing with the old customer.

Case 7was a world-leading agribusiness, a leader in progection and ranks third in
the high-value commercial seeds market. The compamyemented Wonderware
industrial SQL server to improve over all plant guotivity and efficiency by the

enlargement of the ability of monitoring plant merhance in real time and better
analyzing plant data online. The solution provigedomplete picture of the plant’s
processes. Chemists at the UK site were able tdtarahe process in other sites in

the world.

Case 8was a world class leading designer and manufactiréurbochargers for
commercial medium to heavy-duty diesel engines agak-derivative. The
manufacturer placed the first priority on relialdepply of turbochargers to all
customers. To do so, materials on time delivery wagial. The manufacturer ran
VMI warehouses to ensure materials from overseadcloe delivered to the shop
floor under Kanban system. In addition, a web-basegply (WeSupply) was
implemented to improve inventory control visibiligmong the manufacturer, its first

tier suppliers and its second tier suppliers.

This research is concerned with the developmenteahanufacturing in the
manufacturing B2B and B2C side. Each case was eegblin depth. Data was
gathered on any factors associated with e-manufagturhese eight case studies are
of varied circumstances, combines a number of aspetated to e-manufacturing
development, they provide profound insights. Thiouhe comparison of these
manufacturers from the different sectors, the figdi of each case converged at a

greater degree of understanding of how supply chabperate now in the

11t



Applications for achieving the promise of e-manufacturing

manufacturing industry; how the nature of produaffects supply chain
infrastructures; and how the use of the interngtirtelogy can enhance manufacturing

supply chains.

5.6 Small-scale Survey

To help Case Four to identify customers’ requiretadar effective web ordering, a

small survey was carried out in Huddersfield toestgate whether local small shops
were interested in online transactions. A questiinenwas designed to be filled in by
the shop owners or managers. The contact detailscal shops and stores were
obtained online on locallife.co.uk:

www.locallife.co.uk/huddersfield/supermaketsand&asp

Sixty-three local shops’ addresses and telephormabats were disclosed on the
webpage, but the website did not keep updated dyirte this survey was applying.
The telephone numbers shown on the website weralhabrrect. This was found
after the telephone interview. The telephone ingevwas first method to obtain data,
the sample was selected random. 20 telephone ieteswere completed, including 6
failed calls as either the shop had been closechdmwthe telephone numbers were
wrong. The telephone interview focused on couplestjans such as whether they
used the internet; what their purchasing channelewand so on. Meanwhile, Twelve
gquestionnaires were door-to-door delivered to tharrby shops. It was the 100 %
response rate: Ten out of twelve questionnaire® wellected back in person in two
weeks later. One out of twelve questionnaires wase dy the researcher popping in
the shops and talking to the owners face-to-fate. [st one questionnaire was sent
and returned by email to the University of Huddietdf Student Shop. The survey

samples were from Student union shop, Post of@cener shops and Asian shops.
This survey was interested in the attitude of smallile®toward e-commerce. The

findings are of help to suggest what the strategibsuld be applied when

manufacturers want to involve SMEs into their e-omence systems.
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6.0 CHAPTER SIX: FINDING AND ANALYSIS

Chapter Six Objectives:

* Findings of this study

* Analysis and discussion of the findings

This chapter summarizes the discussion and comelusi findings which are based

on primary data and secondary data.

6.1 Discussions and Findings

Through literature search, case studies and theguthis research has come to nine
major conclusions to answer the research questi@mshe basis of the seven research
guestions, the case study paid great attentiohgase of the website, the use of the
internet in B2B and B2C, IT capabilities and thicefncy of the supply chain.

6.1.1 Popularity of the Website

The implementation of e-manufacturing requires amdemstanding of the use of
websites. A broad definition of website is desdiilasconsisting of all the materials
placed on the web by a particular organisation oojpct or individuals(Dochartaigh,

2002). A website does not necessarily have to ladadle to the public. It might be
stored on an intranet/extranet, where it is avélamly to internal/external corporate
users, or reside on a network drive somewhere @octa network, or stored on a

computer’s local hard drive (Meadhra, 2005).

The study first examined whether these eight conegahad their public home
websites. Tablel1.0 shows that they did have tr@méhwebsites; especially the larger
companies undertook more than just one home welzstavell as private websites.
Case Seven had several different versions of wehsd fit in well with different

business purposes, different ranges of productsidigient countries.
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Table 1.0 Does the company have a home we€bsit

Company Size Number of Websites
Case One Large enterprise One
Case Two Micro-enterprise One
Case Three Medium enterprise One
Case Four Large enterprise More than one
Case Five Small enterprise One
Case Six Small enterprise One
Case Seven Large enterprise More than one
Case Eight Large enterprise More than one

In addition, according to the Information Secuilseaches Survey 2006(ISBS 2006)
sponsored by DTI (www.dti.gov.uk/industries/infortioa_security), the vast
majority of companies were using the internet. Timelings were summarised as

below:

* Nearly every UK business made use of the internet;
*  97% had an internet connection and 88% of these teadband.
* 81% of companies had a website, with 89% of thesegoexternally hosted.

* One in six small companies could operate theirrmss without IT.

The above results indicate that the widespreadofigbe internet in the businesses

facilitates and accelerates the popularizatiormefwebsite.

Based on the case study and the secondary dafasthednclusion was drawn as:
Conclusion One The website has been accepted popularly by thet mb UK
companies. The deployment of the website is regaadehe necessary element of the

business, at least is for the sake of having one.

A survey did in the past by the Harris Pollww.harrinsinteractive.cojnconcluded

that product searching online was the fastest grgwictivity, increasing from 25% in
2000 to 41% in 2003 (Martel-Lawson, 2004). As manel more people surf on the
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internet to grasp information, the web has becomeapor source of information for
everything. According to the Office for Nationala8stics’ (ONS, 2006) annual e-
commerce survey, the results also concluded thatddgployment of the website,
computer use, internet access and the use of bmoddivere those areas where
saturation had being reached by most business gramgl the gap between large and
small businesses is reducing. This survey coveredtnof economic divisions:
Manufacturing, Electricity, Gas and Water Suppl&iz) and Construction division,
Wholesale, Retail, Catering and Travel Division,sP@and Telecommunications
Division, Computing, Renting, Real Estate and OBesiness Services Division, and
Banking and Financial Division, and other Servickstotal, 8,000 UK companies
with the employment of 10 or more were involvedthis survey, 76.8% of these
companies returned questionnaires. This large gupvevided the statistic data of
accuracy and representation, its results were ased complement to support this

research argument.

6.1.2 Purposes of Using the Website

However,many researches have proven that the internettendvébsite have been
accepted widely. This study went further to invgasté the purposes of manufacturers
using the website. Do manufacturers consider thbsiie is vital important to the

business or is of only peripheral interest?

The results show that most of these eight compaallasitially invested in a home
website for dissemination of companies’ news armmbpcts information rather than
for online transactions, whereas Case Two usedvtiesite purely for e-commerce.
Case Two mainly relied upon the internet to selpitoducts directly to the individual
customers. By the dependence on the online shage ©ao allowed the end users to
buy directly online and pay online. The goods wagbvered to customers’ homes by
the post office. In addition, customers could cosge their desired figures and give
comments on the improvement of the figures by anwito Case Two. Having an
online shop, Case Two was enabled to target customerldwide without a local
distributor or agent. The company had benefiteanfraccomplishing the shortest
supply chain including only suppliers, manufactgrand the end users. On the other

hand, as no commission charged by intermediatiesptoduction cost was therefore
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lower so as to consumers also benefited from gethe goods at a reasonable price.
This is a sort of win-win business which satisfiesth the buyer and the seller. By
lowering the cost, the seller should increase thienae of the sale, and the buyer

should get the bargain.

Refer to the table 1.0, Case One, Case Three, Baseand Case Six and Case Seven
used descriptive websites as online brochures gdocation information, products
information and new technologies. Case Seven asg¢ Egght were the international
enterprises, for each particular country, the websiwere created in different
languages. Although Case Three is the distributal @ase Six is an agent of eight
manufacturers, they had not developed online skagpadditional sale channels to
effectively target the potential customers. Apaadni the home website, Case Four
undertook another two separate websites for seilsngwn brand chocolates and the
acquisition’s brand chocolates. But this consubrand manufacturer did not intend
to sell directly all goods they made to the endsisé these two online shops. These
two online shops were ideal for customers who likedbuy chocolates for gift,
collection and any occasion, in fact some of goodsld not be found in the
supermarkets. The majority of products were soldraany different sales channels,
ranging from grocery stores, wholesalers, distolajt petrol station kiosks, corner
shops and food and entertainment venues. It wast &@86 of products sold via EDI,
and about 40% of the orders from smaller customergphone, fax and email. The
transactions via phone, fax and email were notisisal and stable as those via EDI
with middle and large customers. Case Eight wasutjin EDI to complete electronic
transaction with its major customers, but its Aftarket maintained two separate
websites respectively for UK and USA online ordgriThe websites were private,
could not be rummaged by the public. Currently eoirth via the web system was not
the priority for the majority of existing customefany customers went through the
website to check the price and the stock leveledhere were not enough products in
stock, customers used to ring in and negotiateptssible early delivery date rather

than directly placed orders online.
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Table 2.0 Purposes of using the website

Company Line of Business Purposes

Case One Design and manufacture of automotive wiring- Online brochures

harnesses

Case Two Manufacture of military miniatures and wargamipg One-many B2C

figures e-commerce
Case Three | Supply of brands’ ranges of fasteners -- Onlinecbuoes
Case Four Produce of beverage and confectionery -- Onlimetures

-- B2C e-shop for special

sales
Case Five Design and manufacture of special cutting tools Online brochures
Case Six Supply of laboratory equipments and support sesvice- Online brochures

Case Seven | Produce of crop protection and high-value Online brochures
commercial seeds -- B2B e-business

Case Eight | Design and manufacture of turbochargers --Onlinetures
--B2B e-catalogs

for Aftermarket sales

Table 2.0 indicates that the seven cases did hobretheir websites for sales while
Case Two website was the principal entry port fastemers to buy the products.
These companies’ websites were interactive, whildwad visitors to ask questions
or leave feedback via email or the website, buenointhese websites provided online
help desks to carry out immediate audio commuracatAlthough Case Four and
Case Eight had undertaken web-based e-commerdatiugs, it was considered
merely as a subsidiary business strategy. Moshede eight case companies used
their websites just as an extra place to give etditheir products, technologies and
services. Indeed, by random searching on the iateitncould be found that there are
numbers of manufacturing websites used mainly fayaticasting the enterprise

information, or for online/offline customer support

Conclusion Two:Each company has a different business purposapteiment on the
website. For these eight case companies, the parpssmainly for diffusing
information, or customer services or e-commercerdhis a lack of interest in using

the website as a portal for e-business.
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ONS (2006) annual e-commerce survey also gaveame £onclusion. Their results
indicated that only nearly 38% of all size busimsss1 an across sectors excluding
Banking and Finance used their websites to prowdéalogue and price list

information; just nearly 16% used their websitesffer after sales support, and most

were using the websites for information transmissio

6.1.3 Functions of the Website

It is well known that website applications have a giggpact on a wide range of
activities including commercial sites such as amlirading and auctions; financial
services such as online banking and security tgadirfiormation sites such as online
information sharing, and educational sites sucHigial libraries (Gerndt, Ed.2002).
The website not only provides valuable source fadrimation, but also is the medium
of communication, is the e-marketplace for busingedsvities, prominently it is the

coagulator that links up suppliers and custometis mianufacturers.

This sector will talk over functions of the websiteexamine how many add-ons that
manufacturers have missed out. Fazloli@ti02) capsulizes five geneffainctions of

the website which ground on five perspectives onomunerce developed by
Holsapple and Singh (2000): the trading view, thi®rmation exchange view, the
activity view, the effects view and finally the ual chain view. In corresponding with
these five perspectives, Fazlollahi (2002) dessritee functions of the website as

below,

1. Trading function -- Support electronic buying arelling of products and
services

2. Information exchange function -- Support multi-chehcommunication for
the information exchange among all business partner

3. Effectiveness function -- Streamline business @atisns and improve
customer service, reduce costs and time

4. Activity function -- Facilitate other activities sl as pre-sale and post-sale

efforts, and inter-corporation collaboration
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5. Value chain function -- Support activities thatwed cost and add value on the

value chain, thereby contributing to competitiveattages

Accordingto the conclusions Two, none of these eight casgpanies had developed

full functions of the website that acts as the eeatement of e-business.

Conclusion Three: The potential functions of the website have ma&nbrecognised
and maximised by manufacturers, especially webéasbusiness has not been the

centrepiece of the business.

6.1.4 The Growth of E-commerce

According to the table 3.0, eight firms were engggn e-commerce. Case Five lately
implemented Jobshop software to link most of the@adenents into one single

database and process online sales orders. Fivighifaase companies had been well
using EDI to complete electronic transactions viiteir major business partners for
almost two decades. Case Six deployed Sage 50capgii to process orders, run
credit check and send invoices electronically tetomers via Sage Transaction e-

mail without re-keying data, and receives paymentse.
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Table 3.0: The adoption of e-commerce and weledascommerce

Company Sector E-commerce Web-based
e-commerce
Case One Automotive Yes No

--EDI for sales and purchase

n

--Internet for purchases

Case Two Manufacturing not Yes Lain on
elsewhere classified E-shop B2C E-shop
Case Three Distributor Yes No

(of Electrical equipment) | EDI for sales and purchases

Case Four Food & Beverages Yes Yes
--EDI for sales and purchasesTwo B2C E-shopsg

-- E-shops for sales for special products
Case Five Metals and engineered Developing No
metal products Jobshop for sales
Case Six Agent Yes No
(of Biotechnology) Sageline 50 for sales
Case Seven  Chemicals& products Yes No

EDI for sales and purchaseg

Case Eight Automotive Yes Yes
--EDI for sales and purchases Two B2B E-shops

--E-catogoles for sales for Aftermakert

As the wide range of raw materials and componeatgiirement, Case One was
dealing with around 250 suppliers, but had no poaxgar all of them to get every
supplier on time delivery. To keep on the compatitiCase One promised 6 weeks
leading time from design to delivery, against 12ak&ks leading time pledged by the
competitors. Sometimes customers required mateoialsomponents ordered from
their appointed suppliers; and sometimes custonoedgrs were occasional, one-offs
and specific, in these circumstances, the ordersmzal and would not be given the
priority facility by the suppliers. To keep the prise of on time delivery to customers
and not to suffer the panic caused by the lateseiglifrom the suppliers, the solution
taken to cope with such weak buyer-supplier refetiops was purchasing materials
online directly from the distributors. Through ttlistributors’ websites, Case One got
the enough information of the products’ specifiocatiavailable stocks and the nearest

distributors. The order could be placed online imith second. By buying materials
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from distributors’ e-shops, the price was approxeha25% higher than from the
producers, but the distributors provided the qudeliveries and good services that
enabled Case One to work on schedule and keepsugodd reputation of on time
delivery. In addition, as purchasing the exact amhaf the materials for a special
order from the online distributors rather than frim producers with relatively large

guantities, obviously, the material inventory effeely got to reduce.

However, Case Oneused online purchasing had been justified by thaefis
including:

e Comprehensive product information

¢ Easily and quickly place the order

* Good service and On time delivery

e Saving capital
The ONS 2006 annual e-commerce survey also shdweedrtormous growth rates in

e-commerce, especially using the internet for pasoiy in
Manufacturing/EGW/Construction industry, see tahl@
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Table 4.0: E-commerce’s growth rates in manufacirindustry, 2002 to 2006

(ONS, 2006)

Broad Industrial Sector Manufacturing/EGW/Constiart

Per cent

Sold over the internet 2002 9.6
2003 9.3
2004 13.0
2005 17.2r
2006 14.2

Used secure protocols (SSL/TLS) faz006 6.0

sales over the internet

Purchased over the internet 2002 13.9
2003 40.3
2004 52.2
2005 60.2r
2006 55

Sold over ICTs other than the internet 2002 19.8
2003 24.9
2004 23.9r
2005 28.5
2006 27.7

Purchased over ICTs other than tH002 16.4

internet 2003 21.6
2004 21.3r
2005 22.4r
2006 194

r—revised
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Although the table 4.0 illustrated the rapid in@®an the number of companies
undertaking the internet to conduct e-commerceterms of the value, sales and
purchases over ICTs (non-internet EDI, automatkgbbmne systems and email) were
still taking up the great portions in the electoibiading. See the following figures
provided by ONS (2006) survey, sales over the ma@emwas increasing from 6.9
billions in 2002 to 47.4 billions in 2006, and phases over the internet was
increasing as well from 3.7 billions in 2002 to 2illions in 2006, but sales over
non-internet e-commerce was 99.3 billion in 2002 &94.3 billion in 2006, and
purchases over non-internet was 49.9 in 2005 arf@l f&llion in 2006. These figures
indicates that e-commerce over non-internet scedatfaditional e-commerce was
saturated since 2002 to 2006; in contrast, inteer@mmerce was growing fast, even
so, in Manufacturing/EGW/Construction industry, fioternet e-commerce still
possessed the large share of e-commerce. In 20@8H, WK non-financial industries
with 10 or more employees, the highest value agdssalver non-internet was achieved
by the manufacturing industry, almost £47 in evéd00 spent (ONS, 2006).
Obviously, traditional e-commerce was still on theck. In this research, 4 large and
1 medium case companies were using non-internet te@omplete most of their

transactions.

In general, the adoption of B2B e-commerce in tl@uafiacturing industry was not in
the infant stage. The fact is that large enterprisee focusing on long-term
relationships with major business partners via B2EBommerce rather than

considering using the internet to target potersiaéll customers.

Based on the eight case companies and the secodafaythe forth conclusion was

drawn as:

Conclusion Four. The use of the internet for purchasing contingeswing in UK
manufacturing industry to win an advantage, it leamatic growth rates than others;
but non-internet e-commerce is still staying stedobel dominant, takes up the large

portion of the total value of e-commerce. Appasertie large enterprises slowly turn
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to internet e-commerce while many small and mediuaterprises are increasing to

use internet e-commerce for sale and purchase.

6.1.5 Is Manufacturing E-Commerce Widely Open?

The benefits of e-commerce have spurred many menuéas to invest in two-way
communication applications with their existent impat business partners. As
introduced in Chapter Two, EDI is the legacy systarh inflexibility, the
communication via EDI to EDI may not be smooth hkse two systems are in
different formats. If companies deploy EDI to caroym e-commerce, it mostly
collaborates with their existing partners, rathemt open their e-commerce systems to
a mass of potential buyers. Case One, Case These, Ebur and Case Seven formed
the examples. For those buyers who did not use EiHy were out of the
manufacturers’ e-commerce system, they had to hemg fax or email to place
orders, and then manufacturers’ sales represeesatnanually entered the data into
the computer system. The purpose of Case Two enmgldg2C e-commerce was
nothing less than to attract more customers asilgessn contrast, the rest of case
manufacturers more concerned implementing B2B erteroe for better
collaboration with their existing important custam&ho also used the same kinds of

e- commerce applications.

An open-ended questionnaire (see Appendix 2.0) eeased out for Case Four to
investigate whether the small shop was interegtedniine transactions. Only one
shop owner showed the interest in using onlinerafdaerchandises’ price was good.
It should be noted that the limitation of this syJs that interviewees were bounded
to those small convenient shops in Huddersfield.alfde findings could have bias,
but these shops represented those in the lastde@ynof Case Four’'s downstream
supply chain who did not have a direct link withs€aour and they had not formed
e-purchasing custom. They had no idea of theirirements on the effective web
ordering. The results also reflect that Case FduKscompetitors had not done so far
to provide web-based B2B e-commerce for non-EDIlsowstomers. This could be
certified by going through their UK websites, thesmmpanies were Mars, Nestle,

Hershey, Kraft Foods, Darrell Lea and Coca-colal Bepsico. In contrast, Hershey
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Co. and Kraft Foods Inc had run a B2C website f&AUtustomers respectively as

follow: http://www.kraftfoods.com/shopkraft/index.asitp://hersheyqifts.comKraft

Foods Inc had even taken the further step to dpvalweb-based B2B e-commerce
(http://www.kraftezserv.com) for its all USA tradeartners including non-EDI
customers, but in the UK, the company was no loageepted any more online order
currently, alternatively, the direct order couldfregressed via Telesales team, or by
email and fax. The researcher emailed UK Kraft Botmlask why the online order
facility was suspended, the customer services nanagplied that they had
temporarily suspended the facility because of thecess of upgrading the
functionality of the website, and expected to restarder entry capability in the near
future. By the thesis was writing, their websited Haeen updated, but the online
ordering system was still not allowed. However, thmurrent website

(http://www.kraftafh.co.uk/Cultures/en-GB/ provided the central repository of

products information, instructs customers directeos by phone, email and fax or
indirect orders via their Vending operator, Casl aarry and Wholesale partners.
Refer to USA KraftezServ.com, this B2B website lfaactions of e-purchase orders,
product information, e-category reviews, volumeartp and sales team documents

under the six features. They are:

1. Digital Plan-O-Grams: access to customer specifjital shelving diagrams.

2. Product Catalog: access item data as well as Higitaduct images and
scannable UPCs.

3. PO Inquiry Tool: for customers to view all of puade orders and get carrier
information.

4. New Item Tool: Get instant access to new item dathimagery.

5. Price Lists: View price lists populated with autized items.

6. Email Alert Tool: Receive automated email remindinat alert customers to

exception information on the purchase orders.

In this survey, although most of interviewees wacg expected to directly order
goods from the manufacturers’ websites for theopsh some of them did shopping
online for their household goods and trust onlihepping. It might assume that the

small shops could change their attitude and takargdge of the web ordering system
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if manufacturers provided them with such opportpiiy allowing them to access to

the online inventory, and inspired them to comekliacdhe website.

Conclusions Five: Manufacturing B2B e-commerce is mainly for the existing
important customers who have the capability anadrdffto carry out e-commerce.
Small manufacturers use B2C e-commerce to expawdbnsinesses with potential
customers as widely as possible; while large mastufars B2B e-commerce systems
are not open to small companies, the use of B2Bn&ierce is to maintain

relationships with existing important customersasdo benefit each other.

6.1.6 Inhibitors to the Deployment of Web-Based E-&@mmerce

Teo et al (2006) reckon that key inhibitors in thlementation of web-based B2B
e-commerce are: lack of top management suppomesofwed technical issues, lack of
e-commerce strategy, and difficulties in cost-b#énaksessment of e-commerce
investments. These eight case studies suggestsithanajor factors have a great

impact on the implementation of web-based e-comenencselling products online:

(1) Unaware of benefits of the website

In these eight case studies, Case Two wasrtlyecompany focus on B2C web-based
e-commerce to carry out its majority of transadidout the online shop was initiated
to be just basic for customers’ orders and payniEm. owner had no knowledge of
computer and the web, the company website was mesilgy a friend, which cost just
a small amount of investment. No software was dped to produce sale history
analysis, sales report and sales forecast. Infoomdlows into Case Two website
such as customer data, the number of visitors edayy which product popularly hit,
and what keywords customers used to get to Casewlebsite, these key marketing
data were not collected and analysed. The resas# companies also did not collect
these data. In addition, it was little chance thatCase Two website would appear to
potential new customers by browser, even usingkdysvords, the home page does
not pop up straight away. Not like Amazon or eBakimg use of the functions of the

websites to benefit both buyers and sellers, tleggiat companies were not familiar
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with the ways of fully utilising the websites. lrorae senses, some companies’
websites were created to give a description of @mgs and products rather than to
be serviceable and functional for buyers or suppli@hese websites were not
integrated with the companies’ business activitiezking Case Eight as an example,
its marketing department even managed two privagbsites for introducing new

technologies and promoting products specificallytf@ existing customers, but there
was no a click & buy opportunity for customers Viese two sites, the ordering
systems were not integrated to these two webgiteastomers were interested in one
of the new products introduced on the websitesfoousrs then had to use EDI

systems to place the order.

The manufacturing industry fosters e-commerceegsaespecially B2B e-commerce,
but it is less interest than the retail and tourisdustries B2C e-commerce to mine
web data, use web data strategically, evaluate itesbguality, and measure the

benefits of websites.

(2) Business strategy

Case Three concentrated on the businesses withdhedistributors under the 80/20
principle. The 80/20 rule clarifies that of 80 pamt of the total customers and the
products are small customers and less profitabbelymts, and the rest of the 20
percent are the key customers and profitable ptsdifccompanies spend too much
time on the large group of less important custoraer$ products; it could result in the
critical customers being ignored. Case Three betieat 80 percent of a company’s
sales were derived from the 20 percent of its pcodiffering being sold to key

customers. Based on this philosophy, Case Threeplebety relied on major

distributors to market the products, used EDI wlitate efficient collaboration, and

provided distributors with full support. If any @d query from the individual

customer, Case Three would advise the customepmitact his nearest distributor.
Case Six was the appointed sales representativéhéoright manufacturers, also
behalf on these eight manufacturers to provide r afigles service, as some
manufacturers did not offer after sales serviceustomers if the customers wanted

buy directly from them.
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In fact, Case Three products could be sold via lhsite. Figure 6.2 shows that some

of distributors were using e-shops to sell prodteisdividuals.

Phone/fax/ in persc...

Cast Three Parent Case Three (UK) >
company’s <«—p —_
Distribution centre ED and Epi| Distributors «—»| End Users

. Wek-B2G
Servicecentres

»
»

A

After sale service
Figure 6.0: Case3 product distribution channels

Through learning of Case Three, the understandinghat whether a company
develops web-based B2C e-commerce it will be agédty the company’s strategies
and the objectiveslf a manufacturer has already a few big long-temstemers

taking up most of the sales, the manufacturer migbtt consider one-to-many
relationships via the open online catalog; or ifnanufacturer has built up closer
relationships with agents who will add value totousers, the manufacturer might not
consider to sell directly to individual end usessthat is out of its capability. The
research assumes that when manufacturers areieshtigith the existing product
distribution channels, they might not be keen token@hanges to their supply

strategies.

(3) Products characteristics

All products can be presented online, but the eatircharacteristics of the products
will determine whether B2B web-based e-commercB2€ e-commerce or both can
be implemented, as what the products are decides thér customers are. For the
products like airplanes, or those costly engingenrachines like Batch Centrifuges
etc., these products are not bought by the puliiey are specific to the certain
companies, these customers always have their owuiregnents to the products
design, and negotiations can not be avoided befom@der is made. There is no point

to invest in B2C web-based e-commerce.
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Case Four was a confectionary factory in whictpediducts made were consumed by
the individuals in the end. This characteristioakd Case Four to run two B2C e-
shops for individuals to buy directly from Case FEoAlthough Case Four had

hundreds of products, the company major targetugjaeners were distributors and
retailers, these two B2C e-shops were considesdapithe extra to the prime product
distribution channels. But compared with other casenpanies, the nature of the
products which can be consumed by the public giv@se Four an opportunity to run
B2C online shops. Case Two also proves that then@rdhop can be the wise
preference for those existent or new micro enteegriof lower bargain power they

make products with the following three charactersst

1. Rare products
2. Not expensive
3. Light weight

Case One also advertised its website and prodacisigh online directory hold by
the third party like Applegate, e4subcofi directory etc., but the company did not
shift its website from being a sales brochure 828 e-commerce website. One of
the reasons as the company explained it is becegst wiring harnesses were
customized for individual customer’s special pugodhe product was not as
standard as a tube of toothpaste which could beodeped million to suit most

customers’ orders.

Table 5.0 displays the comparison of the valueatdssand purchases over the internet
among the different manufacturing sectors from 2622006 (ONS, 2006 The
figures show that Food, Beverages and Tobaccoidivisas the most active sector in
terms of using internet e-commerce than other sectbwas followed by transport
equipment division. In contrast, the most inactsertor was Leather and Leather
products manufacturing which did not apply interaetommerce at all from 2002 to
2006. To some extent, these figures indicate prioch@racteristics have an impact on
how willing manufacturers like to adopt the intareecommerce, and further develop

to web-based e-commerce.
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Table5.0 Sales/Purchases over the internet, 202206 (ONS, 2006)

2002 | 2003| 2004 2005 2006
£bn
Manufacture of Food products,0.4/0.3| 0.5/0.7 4.3r/1.2| 8.3r/1.8 12.3/3.
Beverages and Tobacco
Manufacture of Textiles and TextileD.1/- 0.1/0.1| 0.3/0.1 0.4/0.1r 0.4/0.3
Products
Manufacture of Leather and Leather/- -/- -/- -- D/-
Products
Manufacture of Wood and Woad/- -/- 0.1/0.1 0.1/0.1 D/0.1
Products
Manufacture of Pulp, Paper, Pap¢r0.6/0.3| 0.7/0.7] 1.4/1.0 2.0/1.0 4.6/1.f
Products/Printing and Publishing
Manufacture  of Coke, Refingd0.4/0.4| 3.3/0.8 5.4r/1.8f 4.7rl2.4r 6.7/2.3
Petroleum Products, Nuclear Fuel,
Chemicals and Chemical Products apd
Man-made Fibres
Manufacture of Rubber and Plastjc0.2/- 02/0.1| 0.3/0.2 0.3/0.3 0.7/0.4
Products
Manufacture of other Non-metallic-/- -/0.1 0.3/0.1 0.2/0.3 0.2/0.4
Mineral Products
Manufacture of Basic Metals and0.2/0.2| 0.2/0.2 1.0/0.4 0.8r/0.5 0.5/0.5
Fabricated Metal Products
Manufacture of Machinery and0.2/0.2| 0.4/0.3 0.6/1.0 2.8r/0.7n  2.5/1.1
Equipment not elsewhere classified
Manufacture of Electrical and Optical 1.5/0.6| 2.4/1.1 1.1/1.5 1.5r/1.8 2.1/1.9
Equipment
Manufacture of Transport Equipment 2.5/0.4 5.6/p&4/0.7 10.6r/1.0f 11.5/1.8
Manufacturing not elsewhere classified 0.1/ -/0.1 0.4/0.3 0.6r/0.3 0.4/0.2
Electricity, Gas and Water Supply 0.7/0.3 1.5/1.41/&0 2.712.6 3.9/3.3
Construction 0.1/0.8 0.2/1.3 0.2/1.8 3.4/2.2 1B6/2.

r

-: too small to display

revised
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(4) Product availability

Case Eight Aftermarket initiatively allowed custamdo buy online. There were
about 9,000 products online, and came to the saése of $1.2 million online-

transaction last year. The fact was not too mangtieg customers chose online
ordering system, once the online catelogs showe@rnuugh stock for the order,
customers used to ring in to negotiate the possiatey delivery rather than to place
orders online and be patient to wait for the orddéfrcustomers requested special

services, they always rang in first.

(5) Price sensitivity

Many manufacturers choose not to disclose the midme. Case One, Case Three,
Case Four, Case Five, Case Six, Case Seven ancE@gsalid not publicly disclose

price lists online. According to ONS ( 2006), iasvabout 53.5% in 2006 raised from
40.6 % in 2005 of all size non-financial businesduistries used their websites to

provide access to product/services catalogues iacel Ists.

According to Dignum’s research (2002), there areo twmain reasons why
manufacturers’ websites do not contain price liste is that the services supporting
the products are often more important than theepotcthe product such as timely
delivery, logistic services, etc.; the other isttipaices may depend on long-term
contracts, quantities ordered, and the constraintdelivery. If there is a possibility
products can be customized, such as raw matetielhatives, designs modification
for more add-ons all these may vary the price, megbtiation is always need before
the decision is made, therefore these productsémill not be as transparent as those
standardised products. In an interview with an eeeiing company, the manager
explained the company did not display productsepoaline as it was to avoid from

the competitors digging out their price, and bepnige-cutter.

(6) Market competition

When the market is small and the competition isfigste, the company might focus

on the internal improvement. Case Five manufacthigh quality gear cutting tools
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that are special for the automotive, aeronautical defence industries. The tools
required high quality, each product could be loagtIfor ten more years if use
properly. The market was small, even though thegmawas high, it was not easy for
new entrants to enter the market. As the compatitias not fierce, Case Five shared
75 percent of the UK market, confronts three majompetitors in the European
market, one competitor in American market, and tempetitors in South American
and Japanese market respectively. Case Five ratkguoducts of top quality and
higher price compared with others. Case Five impleed lean manufacturing
system to improve the internal processes, butrmdeof the utilization of the internet
for the direct sale without an agent, it had nogrbérought up for consideration.
Although Case Five had designed the website tonbeactive with inquirers, the

website was basic with fewer functions and notvisoal.

Conclusion Six: Sales and purchase over the internet are not neevesyone, but
the practice has not been experienced by every aoynp/Neb-based e-commerce
needs to take into consideration many respectstthditional e-commerce does not

take into account, such as product characteristied price sensitivity.

6.1.7 Deployment of E-Business

Since 1990s, it has become a trend that every manufactunatever it is large or
small knows they have to have an online preserideaat something on the website
is turned-on. More individuals and companies woittbrvare linked electronically. E-
commerce came to public attentions along with tekalwiour of buying and selling
over the internet has achieved. But how can thernet deliver more than e-
commerce transactions? E-business has exhibitete#udts. E-business is a broader
concept. With the aid of internet capabilities,sibess redefines old business models,
integrates all the applications including both troand back-office applications to
efficiently improve overall internal processes améximize customer value and
profits (Kalakota and Robinson, 2001).

E-business is more than e-commerce transactionfgctn many small and medium

enterprises do not think it is necessary to dephoy venture, especially those small
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businesses while they can handle paperwork manuaByeasily purchasing raw
materials locally in a short distant by the ownangelf, as well as uncomplicated
manufacturing facilities, Case Two did not pay rtiten to the upstream supply chain,
and manufacturing management was such simple witdnop assistant IT systems to
make production plan and stock control. By conirémt major challenge was to spur
the downstream supply chain, namely how to makeitdi®s more appealing to
buyers over the internet to increase sales. In (Case, the development of e-

commerce was much more practical than the impleatientof e-business.

CaseFive was a starter to deploy Jobshop applicatioitls @+business solutions to
link all the functions into one system apart frohe tdesign department. By the
implementation of this application, information ¢dube shared immediately

internally and externally, and transactions cowchbndled electronically.

The integration of traditional and web-oriented funosois the cornerstone of a
successful e-business (Shaw, Ed. 2002). Largeeiges have increasingly extended
their enterprise systems to include new featurbasgaess, but they are still on their
way. Some large enterprises were the early onesdoegacy systems for decades,
but they are moving slowly to e-business. Case tElgd recently implemented
Oracle e-business suite 11i in its two overseam®fis. One was in USA; the other
was in China. In practice, the factory in Chindl stteded a lot of manual data input
to the system. The factory in India was currentipliementing this e-business suite,
and the forth factory was going to implement Orakle was it's headquarter in UK.
Most of the case companies updated product catatagsially. The product catalogs
were configured into a CD or a DVD, or printed orb@chure sent by mail; or
configured into the spreadsheet or a file senterail to the customer. The sales
representative needed to send the customer regptates to inform latest product
information. Also, the customer manually importe ttatalog into their purchasing

application.

Conclusion Seven:Small manufacturers pay more focus on e-commeroeach out
to more customers, while large companies take théurstep to e-business in order to

take advantage of the internet capabilities andrimup overall business activities.
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However, the successful e-business has not beewmmatished; especially
manufacturers use the web as the infrastructureotardinate with their supply chain

partners that has not been scheduled.

6.1.8 Current IT Capabilities

The mission of Case One was to continuously imptbeeworld class reputation for
global delivery of quality products, services arbr$ lead time. From design to
delivery, Case One was able to offer 6 weeks leptime, compared with 12-13
weeks pledged by its competitors. The use of ads@i€ systems CAD, MRP and
EDI helped the attainment of objectives. Case Cateused EDI for 17 years, and had
become the expert over time. With its purchasinggro Case One also influenced its
major suppliers to implement EDI so that orders|dobe placed and received
electronically without having paper documents beledaback and forth. Through
analysing EDI customers’ orders history, Case Cackimproved sales forecasting to
avoid products becoming out of stock. By running RJRroduction schedule could
be made and raw materials could be calculated abk#éiche on the basis of sales
forecasting. Advanced material requirement for efuthre period time was sent to
the suppliers in advance, which helped the supplierprove accurate forecasting
with clear clues of when Case One needed what awd rhany materials. Such
information-driven guaranteed the suppliers alwaygpplying Case One right
materials with right quantities in the right tim&he problem was MRP was legacy
system which was less flexible to automatically make production plan for an

unexpected order; therefore, the change had todoke manually.

CAD technologies also helps in simplification ofsig cycle and reducing design
time to get products to market faster, as wellhesitvolvement of customers in the
initial design stage. VeSys 2D CAD software aut@aatommon electrical design
tasks, which helps to eliminate manual re-entryabéed engineers to verify the
harnesses. The application fosters collaboratioth wngineering purchasing and
component engineers, and improved overall produatity. Cadds 5i CAD is product
development and drafting software, which enablesii@te calculation of wire lengths,

bundle diameters, and location of splices, conmeaod disconnects. However, this
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2D CAD system only allowed Case One to receivetedae sketch drawing from

those customers who supported the same versioADf SDftware.

Although these applications had flaws, the use ADCMRP and EDI had resulted in
Case One working more closely and efficiently withth suppliers and customers.
These applications played the important commuraoatole, prompt communication
across geographies were achieved, which providedtithe-saving capability and
paper-less exchange of information. Likewise, @/ afd of EDI, Case Three had also
improved the delivery availability of the standarelxt day delivery for free and the
express delivery with charges required. All theasi@ctions with the main distributors
were through over EDI. The EDI transactions werehexged via the networks such
as virtual private network (VPN), or direct linkhwh depended on the network by

which business partners used. The order flow otemtbe simply presented as the

following:
Head Office
Warehouse
Crawley Transfer
Orde i -
Picking, | Credit Customer Service |  Ordel Distributors

Packing,| control, Glasgow EDI

Loading| Invoicing

Delivery Note

Goods Next Day Delivery by Carriers

Figure 6.1: Case Three Customer order flow chart

Case Five deployed Distributed Numerical Control (DNQ) &nable the central
computer directly controlling multiple machine tedh the shop floor. DNC offers
real-time displays, process tracking, archiving atiter necessary capabilities for the
shop floor control. Although DNC application impes/ the shop floor automated
production management, it can not help in delivefya central database for all

departments to share each other.
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Case Seven implemented Wonderware industrial S@iesdo provide a complete
picture of the plant’'s process and acquire reaktiproduction data. A high-
performance real-time and historical database waitt bp. Through wide area
networks (WANSs), multiple plants at different loicaits were connected together, and
the office and the factory floor were connectede Bolution provided a seamlessly
integrated data which was automatically acquiredhfa wide variety of data sources.
Mobile access to production information enhancedsimop floor visibility, as well as
the ability to monitor and fine-tune several plaperformance in real time. For

example, chemists at the UK site were able to motiite process at China site.

Regarding the integration of IT systems, Case laoar Case Eight had gone ahead in
front of other manufacturers. Case Four had depldyesystems since the 1970s. The
SAP-based ERP platform dated back to 1994. Follgwire business’s growth and
acquisitions, the IT infrastructure became fragredreis each acquisition kept its own
IT systems. The distinct systems worked incompatiliver recent years, Case Four
overhauled the supply chain and supporting IT sysiea five-year IT transformation
project had being undertaken to upgrade the I'astfucture which aimed to integrate
purchasing, manufacturing, warehouse, distributgales and marketing on a global
SAP R/3 system. This would allow all functions bétcompany to share the same
database in the near future. Most major applicatismch as Getpaid, Bertha/ TXT,
VMI, RFID, SKU and EDI were interfaced with SAP R/® achieve the

synchronization of data, see the figure 6.2.
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Bertha/TXT
Getpaid FCP...
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SAP R/3
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SCADA/PLC/HMI SKU EDI
VMI... RFID.... RFID... CIC....

Figure 6.2 Integration of main IT systems

SAP R/3: SAP ERP system was Case Four information backbdmehwvas built as
an integrated system to deliver a single and uwhifiatabase that contained all
necessary data for running an enterprise such asfaturing, supply chain, finance

and human resources.

Vendor Managed Inventory (VMI): With the implementation of VMI, British Sugar
was authorized to monitor the level of sugar sterag the Case 4 plant via data
acquisition software and the Internet. When theasugent below the reorder point, a
signal was raised and sent to the relevant depattmeBritish Sugar to remind them
to generate a replenishment delivery to Case Fbue. use of VMI also improved
Case Four's supply chain by streamlining and autmgathe billing and ordering
process and the reliability of delivery. The betseiincluded eliminating raw materials

out of stock situations, reducing inventory, redgcithe administration costs for
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managing and placing orders, and shorter cyclestirtreaddition, VMI also shifted

purchasing responsibility from Case Four to itspiigps.

SCADA/PLC/HMI: The integrated Supervisory Control And Data Acdigsi
(SCADA)/Programmable Logic Controller (PLC)/Humarathine Interface (HMI)
systems were implemented on the shop floor for gssccontrol and process
monitoring. This enabled secure round-the-clock rafp@ens under the right
environmental condition such as temperature andiditynData acquisition began at
PLC level in a manufacturing line and then trangf@rdata to the central SCADA

system. The systems facilitated shop floor autoomati

Radio Frequency ldentification (RFID): The combination of specific stock keeping
units (SKUs) and RFID provided real-time informati@vailable at the point of

application. After the finishing products had bgatked and before they were moved
to the warehouse, each package needed to be wemmethen they would be given a
unique SKU and RFID tag which contained the nuntfeunits, flavours, colours,

cartons and pallets. The information also indicatdtere the package should be
stocked and all other required details. This infation was reconciled by the

warehouse so that the shop floor and the warehshaeed the same data for the
stocked product. RFID and SKU improved inventorynagement, and also tracked
products easily. The use of a handheld barcodeR&id combo readers streamlined
the pick process in an orderly, accurate and tirmfnner, and removed operator

error.

Electronic Data Interchange (EDI): 60% of the total salesransactions were done

electronically via EDI. The networks used VANs 082

TXT e-solution: This application facilitated the analysis of sattata and helped in
determining accurate demand forecasts in real tife solution was distributed
across several European countries and was appipoiaa unique Demand-Driven

supply chain.
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Most of Case Four products were make-to-stock (MTS), tadafrom out of stock
situations or building unnecessary stock levelsseCaour had been struggling with
the improvement of forecasting accurately for agase of the solutions was toward
data integrity and data synchronisation throughbatentire supply chain, with the
aid of ICT technologies and the integration of satipg IT systems. On an ongoing
basis, Case Four was taking steps to develop deasspmcts of IT: global data
synchronisation network, data quality, EDI envir@mh upgrade, forecasting
improvement, finite capacity planning, wireless @@suse management systems, and

product allocation ability.

Case Eight had more than 200 different applicateofdvare applied to the various
work areas. Some of them were disparate systernts adailability was not up to the
just in time requirements, as well as data vigibilvas weak. The backbone was
Oracle 10.7. Its module responsibilities includedRR) Order Management,
Purchasing and Supply chain, Engineering and Wgrkpnocess. MRP managed
materials inventory and materials order plannic@esluled which products needed to
be produced using what materials in what quantaie®hen they were needed. As
MRP produced 8 weeks schedule and was inflexibleespond to the change and
reschedule, the email system had to be used tossgmpldiers the purchasing schedule
in Excel spreadsheet to avoid the rejection froppsars’ MRP systems.

As a complex two-tier upstream supply chain witlhurfdries sending castings to
machinists, to improve communication among threestincluding 7 parties: Case
Eight, three foundries (second tier suppliers) gmmde machining manufacturers (first
tier suppliers), a web-based supply (WeSupply)veae was applied to Case Eight
and these six major suppliers. WeSupply createc-aetwork which enabled all
trading partners were connected together to mar@gers, control and view
inventory levels. It was to use the internet to@ify and enhance B2B electronic
communication. The solution enabled demand infoionatto automatically
communicate daily in a common format between CagghtEand its two tiers

suppliers, brought them work closely to improvesgemtory control with visibility.
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Figure 6.3 Purchases and sales supporting IT sysiaefrastructure

Conclusion eight:IT systems have been recognised as being of grefitable to the
organisation, and been embedded in support marwiagt daily activities. IT
systems have contributed to time saving and coshgaand the integration of IT
systems enhances the agility and efficiency obtipply chain. However, current IT
systems are not perfect, they are unable to delidata integrity and data
synchronization over boundaries among all supplgircipartners, data manual input
and data twice input are common. Web-based acodgsgacy systems and adding e-

commerce/e-business module to ERP are still undetdped.
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6.1.9 Make to Order (MTO) and On time delivery

Case One regarded its product quality somewhetberaverage level, but laid on
shorter lead time and cheaper price being the pyinsmdvantages against its
competitors by applying IT systems such as MRP EDt described in the previous
section, under Lean manufacturing. The steady ddnfiaam the old customers via
EDI, Case One met 95% of total products orders.efirmsed management Kanban
system was applied to the shop floor to limit theoant of inventory in the process.
The production Kanban card provided quick and geednformation of materials
requirement to save time, avoid mistakes and owdrption so as to minimize waste,

and control could be maintained.

Case Four ranked its product quality on the top,delivery performance was second
to the top, and customer service was on the thoseitijpn. Case Four applies MTS, but
on time delivery was also not guaranteed, as fetewpwas mainly based on sales
history, marketing intelligence and customer fostga There was no real-time sales
data such as point of sale, fed directly from cons. In addition, Case Four

manufacturing capability and productivity were faniltless.

Case Five ranked its products of top quality arghér price compared with others.
As customers’ orders were not always large, andh eader might have individual
specific requirements, there were around 95 peroétihe total orders which were
made to order, the rest of 5 percent of the ordeese made to stock. Jobbing
production was applied to manufacture small amoantpecialised products to fulfil
MTO. The implementation of lean manufacturing systenproved the product
assembly area through using Kanbans on the pradtutitie. Kanbans helped fine-
tune production and simplified day to day flexityilio back up MTO to be feasible.
Compared with products quality, Case Five did netfgom very well on delivery.
There was not direct communication between Case &nd the end users. Orders
were taken by agents, and then passed to Case IRiaeldition, Case Five did not
provide an efficient channel for the customer tbatmrate on a product design. The
design drawing was saved in PDF format and senvdsst Case Five and its

customers. Although the PDF file could protect tiniginal drawing, it was difficult
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for the customer to improve the design diagramsaAssult, delay in manufacturing

the product was not surprising.

In 2008 CaseEight remained the first place in reliable suppiytwbochargers to all

customers. Six Sigma programme had been introdiactte company to improve the
business processes, which aimed to lower costamaprbve quality in all business
aspects. In support of six sigma programmes, Cagbt BEvas putting efforts on
improving product availability through cutting leatines and improving customer
delivers. Indeed, on time delivery was currentlypig problem. According to the
current statistical data, CTT achieved 47% on tidedivery in total. Without

considering Aftermarket, CTT had achieved the réaoir 90% on time delivery to
original equipment manufacturers (OEMs). Obvioughe major failure was Case
Eight could not cope with unexpected orders fronteAharket, especially when
customers demanded shorter lead time or unstabieh@sing quantities. Each
department had their views in respects of on tirekvery failure. The customers,

suppliers and manufacturing, gave the followingsozes for the shortcomings:

Customers:
* Require shorter lead times
¢ Poor forecasting

¢ Change orders in the last minute

Suppliers:
* Materials quality
* Production capacity

* Suppliers misunderstanding the schedule

Manufacturing:
« Poor forecasting
¢ Production capacity
¢ Productivity: machines down time; workers ineffgetiess and absence;

materials unavailability; no daily production targe
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¢ Production planning: variability; invisibility; no consideration of
manufacturing capacity

Improving profitability was regard as the seconmipty. Case Eight was targeting to
beat the sales and volume output every quarte0@8.2and improved gross margin
performance. The philosophy of pull systems wag#ath the production was based
on customer demand. Productions were only maderfters;materials were just-in-

time replenishment and were only moved in the factohen they were needed.
Kanbans were used to control inventory levels ak Wie be leaner, excessive stock
levels were not allowed. When unexpected demandrampnthe pull system faced a
series of bottlenecks, such as materials unavéilgbstock unavailability and

manufacturing incapability to produce in a shartdiand so on.

Figure 6.4 illustrates JIT materials purchasingWedor Managed Inventory (VMI).
Material department was mainly responsible for malglan and placing orders to
suppliers. The department dealt with 72 suppliersnsure thousands of raw materials
and parts could be scheduled accuracy and be blaikdhen they were needed under
its Kanban system. The biggest supplier provideoua@00 kinds of materials and
parts, and the second largest supplier providedtsb0 kinds of materials and parts.
Materials replenishment was based on just in titretegy. Case Eight deployed two
kinds of VMI warehouses to control inventory andeme materials from overseas to
be delivered to manufacturing on time. One waredouas run by the suppliers who
also paid for the ship fee, such as American amtiain suppliers. The other was
rented by Case Eight to store materials from Clarsgpliers. Inventories were hold

in warehouses for 4-6 weeks.

Refer to figure 6.4, Case Eight pulled a materddsnand signal to the warehouse
every time when manufacturing needed. Once the hwaise inventory level started
to fall below the safety stock margin, the wareleowsuld send the order requirement
to the suppliers, and then the suppliers would gigpbulk of materials to top up the
warehouse. The amounts of materials shipped wooldpty with Case Eight's

purchasing schedule which was emailed to the seippyi Case Eight.
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Factory: Pull a Warehouses
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Figure 6.4 VMI material replenishment

Conclusion Nine:Many manufacturers are using lean techniques (Bl8nban, Six

Sigma) to reduce inventory levels and cost. Thaslsse achieved by IT applications

which have improved communication between the raaturer and the supplier, as

well as the visibility of material inventory. In gutice, manufacturers with lean

strategy apply MTO might face the difficulty oftome delivery, especially when the

order is coming in sudden.

6.1.10 Efficiency of the supply chain

The final discussion is about how efficient the @ypchain is. There are some

common deficiencies found in some of the eight casepanies’ supply chains:

Manufacturers do not directly interact with endrgs€ase Four had achieved a
target of completing electronic transactions witterohalf of its big customers
through an established EDI system. But the compbaag no interactive
relationships with the second, third tier custoreerd the end consumers. There
was no immediate updated information on new pradacitd offers to the small
business. The small retailer used Cash and Cadhttemwholesaler to refill the
shelf.
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* Products flows and information flows were segmenthese resulted in the
product cycle time is extended. Customers’ ordeesvéa distributors or agents
pass to the manufacturer, and finished products flee manufacturer are via
distributors or agents to the end users. Case Radrthe longer downstream
supply chain. The finished products were movedlyirfom the factory to the
distributors and stored there till the retailergyger the order, and then the
products were moved to the retailers and storeck thi finally delivered to end
customers. If downstream buyers were not willingpty, the seller would face the

excess storage.

* The shop floor was isolated. Case Eight manufawguplant was pushed to make
the products rather than to be involved into theisien making. The shop floor
people did not know what and how much was goingnigke for tomorrow.
Production schedule was released only on the dasnvgnoducts needed to be
made. If materials were not available, the schedub&lld not be released, of

course no product would be made.

 IT and Business units communicate ineffectivelyitidtively, there were two
objectives set by Case Eight to implement WeSuplyGet the messages to the
suppliers quickly; (2) Improve suppliers’ on timelideries. Indeed, problems
with materials on time delivery had not been gat of. Case Eight spent
£150,000 on this application, plus £30,000 forlibense for two years. The result
of the visibility of information sharing had beeees, but the suppliers’ delivery

performance had not improved vastly.

Conclusion 10:The current supply chain focusens closer alignment to immediate
business partners. With existing supply chain mansnt, requirements for short
cycle time in the distribution channel, total int@mes reduced in the chain and
duplications of logistics cost removed are not reeen though the information has

became visibility to all the parties with the helixthe IT technologies.
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6.2 Answers to the Research Questions

This chapter is dedicated to detailed presentadfotine findings and analysis of the

case study and the survey, and the answers tesleanch questions.

Questions One:What is the current good practice of e-manufaotuin B2B and
B2C?

Answer: The potential functions of the website have neerb recognised and

maximised by the manufacturefhe large enterprises slowly turn to internet e-
commerce. Non-internet e-commerce is still staytaple and dominant, takes up the
large portion of the total value of e-commer€Ceairrently, there is no a good practice

guide of e-manufacturing in B2B and B2C.

Question Two: What are the issues associated with the use o&rasfacturing in
B2B and B2C?

Answer: The serious issue is UK manufacturers have noh lseegrounded by e-
business environment, the use of the website asecelement of e-business is very

much in its infancy.

Question Three: What are the key factors that affect the intemsdimilation and

external diffusion of manufacturing information?

Answer: Manufacturers use IT mainly for planning, forecagti scheduling, and
shop floor automation. Existing IT systems are Umaio deliver data integrity,
transparency and data synchronization over boueslaaimong all supply chain

partners.
Question Four: What competitive success factors are emerging fitee use of e-

commerce/e-business in other sectors that may pkcable to the manufacturing

sector?
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Answer: Web-based access to legacy systems and adding reecere-business

module to ERP are suggested.

Question Five How can manufacturers use e-manufacturing to avgitheir internal

performance for the effective collaboration witle thusiness partners?

Answer: An internet based computational architecture wilport the sharing and
transferring of knowledge and information along thapply chain, in addition, a
collaborative design environment should be fornfedugh interconnecting web-based
CAD/CAE/CAM systems

Question Six How can manufacturers improve their supply cl@mpetitiveness by

the implementation of e-manufacturing in B2B andCB2

Answer: Web-based solutions focus on supply chain manageraed enterprise

resource planning systems, so as to customers wmliers can linked together into
tightly integrated networks where real-time infotioa travels immediately forwards
to the downstream supply chain and is driven bac#tsvéo the upstream supply chain
by demand.

Question Seven: What are the general strategies of the implemientabf e-

manufacturing in B2B and B2C?

Answer: As high-level of competition among industries, tfeed of minimizing lead
times and cost has been pushing the developmeimterhet-based applications to
exchange information in all levels of an organm@tand its partners. Improving data
process automation, building up agile networksastmers, and developing enterprise
wide communication, these are needs to guarantéseaf cooperation between

partners throughout the lifecycle stages of thelpct
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7.0 CHAPTER SEVEN: NOVEL AVENUES to E-MANUFACTURING

By this chapter, you will know:

* E-manufacturing specification
* E-manufacturing modules

* Methodology used to transfer traditional factorsetdactors

The previous Chapter Six brings forward a numbeissiies related to the currently
existing e-manufacturing systems and the factoet tmpact on the successful
implementation of e-manufacturing. On the basisfinflings and analyses, this
chapter will develop close-up views on the follogithree aspects that lead to the
successful implementation of e-manufacturing: (Bq@rement specification; (2)

Modules development; (3) Implementation methodology

7.1 E-manufacturing Specification

Chapter One Introduction has presented the defimitif e-manufacturing developed
by other researchers. They clearly clarify the tvasic elements of the philosophy of
e-manufacturing are: Internet and Integration; th&n their definition stresses no
other than the internet is merely an almighty comivation network for timing

information sharing along the whole supply chaimisTresearch interpreted the
findings from case studies and literature searghang brought in a clear explanation

of e-manufacturing which emphasizes the positiothefinternet as below:

E-manufacturing makes the most of the internet to enhance the bd#paof e-
business/e-commerce so as to reform the integraimh the agility of the supply
chains to build up a multi-user environment. Thé#ilfoent of web technologies
creates web surroundings which provide the smatigany with an opportunity to be
involved into the large enterprise’s e-commercetesys. The website supports a
visual e-marketplace in which updated informatisnwidely available to all users

under authority. E-manufacturing provides tacticapproaches to enable the
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manufacturer to link up with its supply chain paipiants and future partners as an
entity toward the same obijectives.

E-manufacturing is beyond e-business and supplyinchthe above definition
intimates the general e-manufacturing specificatias follows:

(1) E-manufacturing integrates all supply chairtipgrants as an entity.

* An entity means all participants work on the sarbgect of adding value to

the total supply chain and work together to resphablems.

 An entity means there is no functional, organisaloand geographical
boundaries for information sharing. Information isasily accessed;

information is timely, transparent, consistent, andely available to users for

their needs.
(2) E-manufacturing improves the global supply ohefficiency and effectiveness:

* With the use of the internet to explore e-commaeacienprove the transaction

process and give the potential buyer to know mboauaithe manufacturer and
its products

By the use of the e-business to allow the seamtasig sharing of
information between different departments, or défé companies for better

collaboration

* By the use of the web technologies to integrate ufemturing internal
activities with external activities into a web-bdsenvironment which allows
industry collaboration in real-time in all businesgivities such as negotiating,

purchasing, designing, planning, selling and tnagkind so on.

(3) E-manufacturing responds quickly to manage uheertainties involved in the
supply chain

* Emphasizing the pull strategy to proceed the amil@ customer-driven supply
chain
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¢ Seeking the real-time information from customerd data synchronizations
to avoid data updated far lags behind change.

7.2 E-manufacturing Model

Web technologies make information flow among any webraxted devices easier,
which is desirable for the supply chain partnershare date and collaborate well.
Therefore, the thesis introduces the following faub-based models: Manufacturer-
Supplier model, Manufacturer-Customer model, Accesgjle Database model and
E-manufacturing Supply Chain model. Manufacturepi8ier model, Manufacturer-

Customer model and Access Single Database modethareside models of E-

manufacturing Supply Chain model. Each model haswn peculiar requirements

which are briefly explained in the following sectio

7.2.1 Web-based Manufacturer- Supplier Model

One of the most popular manufacturing B2B e-comméscelectronic procurement
via EDI for automatic purchasing. But EDI is expeesand limited by the fact only
certain business partners can afford to impleméig system; as a result, e-
transactions happen to only a small number of largerprises. If the manufacturer is
to purchase from small and medium trading partngrs, manufacturer has to use
phone, fax and email to complete the purchasindadn, the EDI electronic trading
solution is not universal to any size of busines¥esovercome the limitation of EDI,
The web-based manufacturer-supplier model (figu€g i suggested, which allows
all trading partners to electronically connect eatter via the web for e-purchasing,

e-invoicing and e-billing programs.

This web-based purchasing model is about building ting lerm relationship rather

than one time off business. The model builds arkat trading partner network that
is appropriate for the high degree of collaboratidietween the supplier and the
manufacturer either in the procurement or in thegtestage. This model is based on

web technologies to create a dynamic virtual upstreupply chain.
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(1) It entitles suppliers to access and remotebnitor the level of stock on the
manufacturer’s site via the web-based data aconsgoftware (such as VMI), and
generate orders for the manufacturer. The manufrctloes not need to monitor the

level of the stock and place the order.

(2) It enables the manufacturer to reach all tigypéiers for easily communication and
exchange electronic data so as to speed up matéoals. Through the web-based
application software (such as Wesupply), the mastufar and all tier suppliers can
work together to control and view inventory levalsross the network. This effects

information and physical flows among all tier sup and the manufacturer.

(3) It meets the challenges of better design. Tuppker, the manufacturer and the
customer involved in the design process can noectyr exchange information and
changes agreed instantly from their desktop comput® matter where they are
geographically. The web-based collaborative prodevelopment software is easily
accessible by all the partners, design problemsbeamneviewed, and collaboration

happens in real time.

(4) 1t allows the manufacturer and the supplietré@k every movement and status of
the goods. In conjunction of wide range of sensieghniques, bar code, RFID
tagging, RTLS (real time location system) and GRf8l &LS (global location
systems), everyone can keep trace the product wisle@n the move, where the stock
is and how the quantity is. And the use of wireeftelemetry, data is uploaded to the
internet; it enables users to gather data fromadisand inaccessible locations, and
monitor work any where. This will ensure the rigimount of product can be sent to

site; therefore the number of inaccurate delivars lwe reduced.
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Figure 7.0 Closed web-based manufacturer-suppliedeh

This web-based manufacturer-supplier model ensuttes visibility of the
manufacturer’s inventory to its suppliers; likewighe suppliers’ inventory is also
visibility to the manufacturer and its upper tiemppliers. The good communication
will result in the well collaboration of materialechand plans between the
manufacturer and its upstream trading partneradidition, it will also remove the
need for second guessing and tactical orderingefosh party. By utilising web
enabled remote monitoring, the manufacturer andstipplier have the flexibility to
monitor inventory and goods wherever they are, @daid can be viewed easily by all
partners. The model will develop very tight partieps, and form a virtual

collaboration in terms of materials planning andent designs.

7.2.2 Web-based Manufacturer-Customer Model

Usually, unlike the wholesalers, the sub-retailars not the first one to have the
information of product promotion and new produckdtly from the manufacturer. If
there is no wasted time in passing the productrin&ion to the retailer from the
wholesaler, retailers could start to order as sasrthe manufacturer released the
information. It would shorten the time of finishgotoducts moving along the
downstream supply chain, as a result, it wouldigantly improve product time-to-
market and new product launch. Figure 7.1 is a leded facility to help more
businesses involve into e-commerce environmensdo apeed up physical products

flows to the end customers.
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Figure 7.1: Web-based Manufacturer-Customer Model

The aim of this model is to speed up product flaleng the downstream supply
chain, namely, from the manufacturer to end custenit®y the fast process of
information flows. Via the website, each tier's tmmers can easily access to the
manufacturer’s inventory, and negotiate price ®irtlprivileges. Orders can be placed
by mass customers via the website; customers kmomediately the availability

status of the orders. On the other hand, the matutx also obtains the first hand
data of the end consumers; this will improve fosticey and respond to customers

much more quickly.

As the current SME’s e-business environment is itanea if the manufacturer is
going to deploy the web ordering system, it is 9eaey to integrate web ordering
system with the traditional order systems, thid faitilitate the project going well and
help the small shops develop interests in onliaegactions over time. In addition, the
manufacturer also needs to manage and balance elaéonships among the
manufacturer, wholesalers, retailers and small shdpthe small shop is involved in
the direct sale channels, how is the manufactuwirggto handle the relationship with
wholesalers? And what responsibilities do wholesaleeed to change? Like the
figure 7.1, the major role of the wholesaler ih&dp the manufacturer to add value to

customers, provides excellent customer service.
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7.2.3 Web Access Single Database Model

This model stresses the point of the integratiorthef internal activities (planning,
inventory management, production control, etc.) exigrnal functional activities (i.e.

procurement, production, marketing, logistics,)etc.

The research investigated the integration of wethrielogies with back-office
systems, according to the findings, there wasliide of the website for transactions,
and little use of the internet for the reconfigioatof internal processes for the agile
supply chain. If customers who want to know thegpess of orders have to phone the
sales representatives to track the orders for tliamthe other handf a manufacturer
has an e-store with shopping carts, credit cardhamization, and checkout
functionality for online ordering, but the ordemkén on this web site has to be
printed out and rekeyed into the manufacturer'oti applications such as EDI or
ERP. It causes time wasting and higheministration costdf the web transaction
system is not integrated with these internal apibms which support product
realisation and logistics process, the customdrmail be able to check on the status
of their orders from the website. As e-commerceisslated from the other

applications, the development of e-business igp&td@t e-commerce stage.

If e-manufacturing is helping the shop floor to knoutside world and talk to the rest
of the world (Krar and Gill, 2003). The shop floshould be able to receive
information of what is happening outside, and traibsreal-time manufacturing
information and feedbacks to others immediatelys Threquired to channel seamless
information flows to bridge the information shariggps between the shop floor and
the front office. Figure 7.2 shows some of main l@gtons which support the
horizontal integration among the manufacturer,siippliers and its customers, and
those applications which support the manufacturatisinternal process. These
applications should interface with the backboneliapfion for automatically feeding

data into the single database.

15¢



Applications for achieving the promise of e-manufacturing

Supply Chain
Manufacturer
C Eps > L S L CrM D
Suppliers T—— ¥, . T Customers
Single
Database L
< VMI >< -------- coixended  f-»(  LMS >
ERP) ~
C Epi EDI D
D v

Web-based Supply Chain

N tiers Suppliers N tee€ustomers

<-»Data automatically interface

Figure 7.2 Horizontal and vertical IT application$ e-manufacturing

By this model, the shop floor would be kept updatof the amount of real time
information such as customer demands, productscéeghé¢o be made, and the status
of materials inventory. With these clear conceptsnind, the shop floor has got the
confidence and flexibility to adjust the productisshedule to fit any priority or

emergency order.

7.2.4 Web-based E-manufacturing Supply Chain Model

This model is the holistic model including the abdfiree models, which emphasizes
on data input automatically, data synchronizatiod distinct IT systems integration
to transfer make-to-stock to make-to-order. Thisaldmodel is to improve material
flows along the supply chain by the fast movingomfation flows and automated

transaction processes:
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1. It allows suppliers to be entitled to access torttamufacturer’s inventory and
production plan;

2. It allows customers to directly communicate withe thmanufacturer,
autonomously place the order, be aware of the @wi@dus and track the order
via the website;

3. It provides the manufacturer with real time infotioa and requirements from

the supplier and customer

E-manufacturing allows each party to operate it® anternal business systems, but
all members of the supply chain collaborate asdhme organisation. Figure 7.3
displays the difference between e-manufacturing plsupchain and non e-

manufacturing supply chain. E-manufacturing forre tlosed loop of the supply
chain, the manufacturer and all tiers of the s@ppind all tiers of the customer are
connectable and visible to each other. In additthe, manufacturer’'s suppliers and

the customers are also able to collaborate viamdfaaturing networks.

E-manufacturing

< e ’ \\‘ T N
‘ /::ﬂ Supplier ‘ ‘ Customer l:
-S lier |47 A Gustomer )
AN — ‘ﬂ Supplier ‘ ‘ Customer L: Vs
~_ -
~ P

Customer

Supplier
Supplier Customer
Supplier Manufacturer Customer
D Supplier Customer

Figure 7.3: E-manufacturing supply chain vs. Nomanufacturing supply chain

With this e-manufacturing supply chain model, osdean be placed by mass

customers via the website, and suppliers moniterttanufacturer’s inventory and
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automatically replenish the materials for the mantudrer. As soon as customers
place orders or suppliers deliver the materialdvdomanufacturer, the manufacturer’s
central database will be automatically updated saoaall departments will receive
timing data, on the other hand, customers are inmtelg notified on the availability
status of the orders. The eight case companiesoti@pply tools to gather actual
point-of-sale data. This model considers drivinaficustomer order fulfilment back
into the supply chain, as better synchronizatidowad the manufacturer to obtain real
time demand data so as to the production plansedan the exact needs rather than

the forecasting.

E-manufacturing does not require heavily investmentompletely redesigning of
supply chains. The model infrastructure is takimgoiconsideration the follow

elements:

« How the internet applied to create information sigametworks among the
manufacturer and its multiple partners

* How the internet applied to achieve internal antteal data consistency (IT
and ICT integration)

¢ How the internet applied to reach a flexible applot enable manufacturers

to engage in activities with the end users

This shifting focus is driven by the adoption oé timternet and the web technologies
as a new channel for product purchasing, distoytmarketing, and interaction with
suppliers and customers. Via the web technologiesasily creates electronic B2B
connections between the manufacturer and its suppfin partners, as the web
technology can automatically convert business pastrown systems formats into the
manufacturer’'s own format to avoid data feedingomgistency and manual process.
Information exchange through EDI or the extrandinisted within two close business
partners; as a result, it could not avoid fromfane of several information flow gaps
along the whole supply chain. Information from tecond tier supplier is directly
transferred to the first tier supplier, but theommhation is filtered and selected to be

past to the manufacturer by the first tier suppliercontrast, information transmission
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through the manufacturer website, information flaws consistent and continual over

business and geographical boundaries.

However,the use of the internet and web technologies asnthastructure not only
facilitates the manufacturer to accomplish dynawiitual supply chains, provides a
better means to coordinate with its close supplgirchpartners, but also it is an
effective channel to reach out to the second antieN suppliers/customers and

potential business partners, and then bring fantlydterm business partnership.

7.3 Development Methodology

E-manufacturing has lots of to offer, but it depemah the level of the development.
From the analysis of the case data and surveytsesimanufacturing developments

require a number of distinct phases of evolution.

Stage oneCreating web-based e-business enabled

The first specification of e-manufacturing is to briradl supply chain members
together towards the same objective of adding vatu¢he whole supply chain.
Therefore, any information related to achieving tbbjective should be opened to all
members and shared each other based on the cortrpkgteThe internet is regarded
as the perfect medium for speeding up informatioarieg; in conjunction with the
web technology, many business processes can bmaied. The website is important
to any company, lays the foundation for e-manufaety but simply having a web
presence is no longer the advantage over the cdaworgetind to attract visitors

compared to the situation of a few years ago (G2estl).

E-manufacturing is to build a web-enabled enteepia$ visible e- supply chains.

Since the concept of bringing legacy systems oh# ihternet, most of business
activities can be conducted automatically via tlew Given the website should have
the basic functions as a physical shop in whichiarners can view, search, negotiate,
buy and pay for products, but also have the funstimuch more beyond a physical

shop can provide, in terms of B2B collaborationgtsas design collaboration, and
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purchasing and ordering automatically, and so dre @evelopment of an almighty
website is much more difficult than to set up agbgl shop, which needs to consider

many factors such as:

* What the attractiveness of the website should be

* How accessible and visible the website should ji@vi

* What business services the website is going tolgupp

* How rich information the website is going to prozido meet suppliers and
customers needs

* How the website provides the incentive requirettdep customers buying online
on a regular basis

« How the web technology integrates with the interh@l systems for data
synchronization and automatic input

* How rapid the website is able to respond to queries

Normally, shopperslike to ask questions and get answers immediatélye
personalisation of the website has been provedetddipful to customers, which
includes the functions of the online telephony ltova questioners to have an instant
two-way communication with the seller. A good webscomprises these four
elements: how it looks like; how easily it can becdvered and used by online
searchers; what information and services it prayjidend how quick it responds to
askers. A satisfying website should have the fanstidescribed in previous chapter.
The company develops the full functional websitdl wain the business from the
customer. B2C e-commerce has been using the wedssiis centrepiece to impress
customers, to attract potential customers andrrathl customers. In the long term,
the investment on the website will be paid offalmword, a website not only delivers
the kind of information and communication networ&m it appearance, indeed, it is
astonished by the enhancement of relationship m&syespecially, through web-
based e-commerce, the manufacturer researchedvits 8nd provides facilities for

SMEs to take part in e-commerce.

Wireless e-commerce as an addition to e-commersdéan around for several years,

now voice-based e-commerce is on the way (Bid@fl00). Bevocal (bevocal.com)
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provides the suite of automated voice and dataiegins to improve customer self-
service interaction. netECHO provided by interneésih.com allows users to use
voice commands to surf any website, search forrin&tion, check e-mail and
conduct e-commerce by a telephone, not necesdayilg computer. Given audio

access, customer satisfactions and loyalty wilkbgely enhanced.

Stage two:Construct web-based e-business architecture

This research made the further improvement on informafimwv networks under the
strategy of e-manufacturing. Quality of informatimquires no other than real-time,
reliability, consistency, comprehensiveness, amaaddrd. And if information could
not be easily read, used, obtained, transferrédeved, and exchanged, information
would lose its value. The previous section presesafs-based models which imply e-
manufacturing is information-driven manufacturingvdloped to support customer-
oriented supply chain. The construction of web-bHaséusiness architecture is the
second stage to be followed. There are some isseed to be considered: How to
utilize of web-based e-business systems to opegiely chain, what technologies
should be put in place to support this architectmd what the strategy should be
reinforced.

As discussed in Chapter One, manufacturers aredaitie common problems of
information discontinuance, delay, and invisibilipaused by distinct IT system
incompatibility, different functions uncooperativess, and business and geographical

boundaries. To minimize these barriers, it shoeldiggested

e Each firm has a unified database to meet the dhfferequirements of all users:
plant and business information, equipment contm@source planning,
production planning and scheduling, and processnig and control are
accumulated in the same database. All functionaiies involved in the
development and delivery of the products and orises should be integrated
as well.

» All unified databases of each supply chain member @nnected via the

network.
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e IT and business units need to communicate effdgtiVle information sharing
between the supplier and the material departmeperifect, but if the material
department is not aware customer orders immedia@ynot aware the
capability of the shop floor, the performance pftine delivery could not be

able to improve.

Web-based e-business system provides the onlinencmmation channel in which
B2B communication is via their unified databasHsis allows business partners to go
beyond EDI to look at the manufacturer’s inventand production schedule, to view
the actual manufacturing operations via the webd#itan order from the internet is
not in stock, if there are enough materials to m#ie order, the system would
automatically send the order to the shop floorrtarage the production; if there are
not enough materials, it will automatically promghie purchase order processing
system to order the item from the supplier, oralyeprompt the supplier if VMI is
applied. If the order is in the stock, it will infa the warehouse to departure the
goods, also email the customer automatically whengbods have been shipped. See
figure 6.4, information can be handled easily, santl received automatically.
Information flows inside the enterprise through #ingle database to or from the
external business partners’ databases. Orders gmiage confirmation of orders,
credit card processing, order and customer trackirgping customers informed of
special offers or latest company news, all thediwiies can be automatically done

and viewed through the online shared database.
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Figure 7.4 Automated decision-making by web-baskdsiness systems

Stage Three:Performance measuremdigfore and after the implementation

Performanceneasurement is the critical stage to the successfuementation of e-

manufacturing. The right measurement will drivefpenance. Different company

has its distinctive manners for the implementaama establishes its own measures.

The objectives of the implementation of e-manufantushould be set out in advance,

as well as performance metrics should be identiiledrly. The general goals could

be everything that the manufacturer likes to imptosuch as customer service, time

to market, product development, cost saving, leahagile and so on. The solutions
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rely on the established objectives and criterianbe evaluated whether the solutions
have been successful. What have been improved, eamabe further improved and

what have not been improved these queries becaaéd\cl

7.4 Conclusion

This chapter explains the new definition of e-mactiiiring, describes the
development of e-manufacturing models to ensurertheufacturer to share accurate,
standards based enterprise data with multiple ngagiartners, as well as suggests

three principal steps to assure the successfuemghtation of e-manufacturing.
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8.0 CHAPTER EIGHT: CONCLUSION AND RECOMMDATIONS

Chapter Eight Objectives:

* Whether the research objectives have been met
» What this research has contributed to knowledge
* What the research limitations are

+ What recommendations for further research are

Finally, this thesis comes to the conclusion. This chaptaws the conclusion of the
study in terms of the achievement, the contribyton the limitation. It ends up with

the recommendations for the further research.

8.1 Conclusions

This section recalls and summarises the one aimtl@ndhree objectives that have

been met, and the findings and the contributicthéoknowledge.

8.1.1 Meeting Research Objectives

This researchmoved along the course of the methodology desciib€hapter 3. The

four objectives outlined in the Chapter One havenbmet.

Objective 1: To understand current practice in gpplication of e-manufacturing in
B2B and B2C across the supply chain within seveedtors of manufacturing
industry.

The researcher looked at the adoption of B2B andC B2commerce in UK

manufacturing industry. The general situation isshrmanufacturers are not in an e-
commerce environment, especially SMEs are stillnig business in non e-
commerce way. The use of the internet for emailisgcommon, web-based e-

commerce for resourcing is usual, but in terms ebwwased e-commerce for selling
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to potential customers has not been such usualoaspudrchasing used in the
manufacturing industry. Aged problems such as dead time, forecasting accuracy

and on time delivery still trouble large enterpsisend SMES.

Objective 2: To identify the issues and barriers tte implementation of e-

manufacturing across supply chain.

Objectivel assists the understanding of the current praofieemanufacturing based
on literature searching and first- hand case studeveral case companies unfolded
the level of the implementation of e-manufacturingheir own organisations. There

are three common critical facts stunting the adwoptif e-manufacturing:

1. The business strategy affects the implementaifoea-manufacturing. Most large
manufacturers and many medium manufacturers aezested in dealing with the
large wholesales or distributors, the potential shescustomers are blocked out from

their e-commerce systems.

2. The concept of the integration of the supplyirhia well known, but such
integration has not been carried out to the cohe. rElevant applications have helped
the purchasing department cooperate well with thppker, and facilitated the
marketing and sales department to improve custaeerice. But there is lack of
integration cross the purchasing department, tlop $loor, and the marketing and
sales department within the manufacturer’s intefaattions. Therefore, information
is not always real time and reaches the right meaptectly; as a result, the

performance could not have been improved.

3. The board-level executives do not understandb#reefits and functions of web
technologies; as a result, there is no sufficiaterest in using the internet to improve

business processes.
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Objective three: To identify likely future trendsthe application of e-manufacturing.

Objective 2 has identified the current informatispstems architecture is not an
overall design which can assort with e-manufacturithe importance of IT systems
integrity is recognized, in practice, some of aggtiions lack of end-to-end integration.
In addition, the existing architecture does not cemage small and medium
enterprises to take part in e-commerce. To becbmeverall integration, IT integrity
should also associates with business function iityednternet trends are leading to
the need for more collaboration in planning, schiedy designs, purchasing and
selling. As MTO strategies require no product isdmand shipped until an order is
triggered, as a result, there are no finished gamdmanufacturing inventory, all
customer orders might not be fulfilled to meet thsatisfaction in terms of stock and
delivery time. The research then focused on thegtigations of internet technologies
and how to reconfigure IT systems to diminish thi#l pystem’s inherent problem:

Lean conflicts against the delivery time.

Objective four: To develop web-based communicatifgrmation channel models to

facilitate the successful implementation of e-maciufring

In the Chapter Seven, several web-based modetsfimgnufacturing were introduced.
These models facilitate web-based e-business inhwiilying and selling experience
can be achieved online. In these models all therimdtion for closing a bargain is
visible and available online to the interested buged the seller, and the relevant

business activities can be also achieved online.

8.1.2 Summary of Findings

In summary, the body of the research findings i®HAsw:

Finding 1: The website has been accepted popularly by tst of UK companies. It
has been regarded as the necessary element obrikemporary business, at least is

for the sake of having one.
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Finding 2: The purposes of the use of the website are maiaty diffusing

information, or providing better customer servioegarrying out e-commerce.

Finding 3: The potential benefits of the website have not bemrognised and
maximised by manufacturers, especially web-basdulisgiess has not been the

centrepiece of the business.

Finding 4. The use of internet e-commerce continues growingKnmanufacturing
industry to win an advantage, especially for pusoig, it has more dramatic growth
rates than others; but non-internet e-commercdilissgying stable and dominant,
takes up the large portion of the total value abeimerce. Large enterprises slowly
turn to internet e-commerce while many small andlioma enterprises are increasing

to use internet e-commerce for sales and purchases.

Finding 5: ManufacturingB2B e-commerce is mainly for the existing important
customers who have the capability and afford torycaut e-commerce. Small
manufacturers use B2C e-commerce to expand newndmss®@s with potential
customers as widely as possible; while large martufars B2B e-commerce systems
are not open to small companies, the use of B2Bneaterce is to maintain

relationships with existing important customerssdo benefit each other.

Finding 6: Sales and purchase over the internet are not nesweéoyone, but the
practice has not been experienced by every comp&ep-based e-commerce needs
to take into consideration many respects that ticadil e-commerce does not take

into account, such as product characteristicse@nsitivity and so on.

Finding 7: Small manufacturers pay more focus on e-commerceach out to more
customers, while large companies move further &iepbusiness to take advantage of
the internet capabilities to improve overall buskeactivities. However, the
successful e-business has not been accomplishpeciaby manufacturers who use
the web as the infrastructure to coordinate withrtupply chain partners that has not

been achieved.
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Finding 8: IT systems have been recognised as being of gmeditabple to the
organisation, and been embedded in support manwuiagt daily activities. IT
systems have contributed to time saving and coshgaand the integration of IT
systems enhances the agility and efficiency ofsiingply chain. However, current IT
systems are not perfect, they are unable to deldata integrity and data
synchronization over boundaries among all suppbircipartners, data manual input
and data twice input are common. Web-based acodegdcy systems and adding e-

commerce/e-business module to ERP are still unsietoeed.

Finding 9: Many manufacturers are using lean techniques éhban, Six Sigma)
to reduce inventory levels and cost. This is alsbieved by IT applications which
have improved communication between the manufactmd the supplier as well as
the visibility of material inventory. In practicejanufacturers with lean strategy apply
MTO might face the difficulty of on time delivergspecially when the order is at

short notice.

Finding 10: The current supply chain focuses closer alignment to immediate
business partners. With existing supply chain mamamt, requirements for short
cycle time in the distribution channel, total intemes reduced in the chain and
duplications of logistics cost removed are not meetn though the information has

became visibility to all the parties with the heljgthe IT technologies.

8.1.3 Contributions to Knowledge

Based on the literature and the results of thearebethe study demonstrates the main

findings and achieves the objectives that proveiggnt contributions as follow:

Firstly, this study presents the pioneering redeam web-based e-manufacturing,
supplements the existing literature on the impleta#on of e-manufacturing. E-
manufacturing has become a popular research bitle,there is lack of detailed
explanation of e-manufacturing on literature. Agsult, manufacturers who deployed
applications of e-commerce or e-business, theygmsed themselves as completely

being of e-manufacturing. This thesis providesdégnition contributes to a clear and
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depth understanding of e-manufacturing which emigkasthe importance of the
internet to bring all supply chain participantswork together as an entity. And the

specifications give a detailed view of the impletad¢ion of e-manufacturing.

Secondly, the analysis of the results of the case study and theeg produced

detailed description, identified and defined thebpems. Evidence from the study
raised the issues, and the analysis contributescttyir to the understandings of
phenomena as well as to the development of theandsstrategies. The survey raised

a salient point of SMEs attitude to the adoptioe-@ommerce.

Thirdly, Chapter Seven provides the conceptual risotteat will help manufacturers
to design an overall web-based system for thegysilem; these models also help the
software company develop the advanced applicatidiese models not just facilitate
the transaction online, but also provide the oppoty to reach the potential customer
and the potential supplier, and the most significamtribution is the real integration

of cross-functions and cross- enterprises.

8.2 Recommendations for Further Research

8.2.1 Research Limitations

This research has applied the necessary techniquee chtfe study and the survey to
ensure the reliable research results. Howeverethes some limitations need to be

discussed here.

1.0 Most of the case companies using single respund

The interviews were targeted to the senior managedsthe data collation was from
one respondent in most of these case companiedindiaish bias caused by relying
on only one interviewee, Case 4 and Case 8 wereptinos. The researcher spent a
period of time in these two companies so that evadislating responses from more

than one informant from different functions weretme
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2.0 Not all influencing factors under discussion

The study examined only a few of variables that dotp e-manufacturing

implementation. Several other factors, such asriggcfinance, company structure,
and complexity of processes, also influence implaateon of e-manufacturing, but
these factors were not considered in this resedncterms of the integration of the
supply chain, this research focused on the relghips among the supplier, the
manufacturer, the distributor and the customercamtrast, the cooperation with

transportation corporate was given less attention.

3.0 State-of-the-art internet technologies notriteduced in details

The achievement of e-manufacturing highly relies state-of-the-art internet
technologies. As numerous web-based applicatiofiisva@ exists and more and
more new applications are coming out, this resealichnot spare the space to
describe all of them.

Despite the above limitations, this research presida rich picture of the e-

manufacturing practices across many companies.

8.2.2 Recommendations for Further Research

To mitigate the possible bias, future research mginsider collecting data from
more than one respondent per firm so as to comibereperceptions of different
people in the same company. The further work canigestigate more different
sectors of manufacturers and distributors/agentsgrtmwv healthy web-based e-

commerce environment.

This research develops the general modules anegiga for the implementation of
e-manufacturing. The further work should focus loa fatest web-based applications
since innovation in software will bring solutions hew challenges. The software

development needs to illustrate how these techmedofunction, and investigate
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whether these technologies have matched new chyakesnd whether they deliver the

initial promises.

With respect to the impact of context on the immamation of e-manufacturing, the
further study should also consider other measuned ®s business strategies and
manufacturing systems.

17t



Applications for achieving the promise of e-manufacturing

REFERENCE

Aberdeen Group (2000) Customer-Centric e-Business: The Evolut@nCRM,
Aberdeen Group, Inc. USA

Adam, F, Ed. (2004) The Enterprise Resource Planning Dechdssons Learned
and Issues for the Future, Hershey, PA, USA: Ideau@Inc.

Adams C W, Gupta P and Wilson C E2003) Six Sigma Deployment, Butterworth-
Heinemann

APICS Dictionary, 9th, 1998, American Production and Inventory Gan§ociety,
Falls Church, V A. ( CoX, James, and

Aldridge D. J. and Betts J (1995) Flexibility and responsiveness in relatiorthe
use of MRP II, Logistics Information Management oNo. 6, MCB University
Press Limited

Allan (2001) A History of the Personal Computer: The fhfe@nd the Technology,
Allan Publishing, London, Ontario, Canada

Aghazadeh (2003) MRP contributes to a company’s profitapjlitAssembly
Automation, Vol. 23, No. 3

Aronsson, L. (2005) Aronsson’s Telecom History Timeline [Onlirevailable at:
<http://aronsson.se/hist.htm[ Accessed 26/06/2005]

Bagri, P., Murty, L. S., Madanmohan, T. R. & Bandi,R. K. (2003) A DSS Model
that Aligns Business Strategy and Business Stracwith Advanced Information
Technology: A Case Study. Hershey, PA, USA: Ideau@rinc.

Baily P, Farmer D, Jessop D and Jones [2005) Purchasing Principles and
Management, ® ed. The Chartered Institute of Purchasing & Supphearson
Education

Barratt M and Oliveira A (2001) Exploring the Experiences of Collaborative
Planning Initiatives, International Journal of Pieg$ Distribution & Logistics
Management, Volume 31 No.4

Belgard W. P. (2004) Shaping the Future: A Dynamic Process foga@ng and
Achieving Your Company's Strategic Vision, New YprY, USA: AMACOM

Bendoly E, Jacobs F R2005) Strategic ERP Extension and Use, Stanforgdysity
Press

17¢



Applications for achieving the promise of e-manufacturing

Berg R.J. & Lieshout J.M. (1999) Eliminating hurdles to trust in electronic
commerce, Global production management, InternatiGederation for Information
Processing

Bidgoli H (2000) Handbook of Business Data CommunicationsManagerial
Perspective, Academic Press, USA

Bidgoli H (2004) The Internet Encyclopedia, John Wiley andsS

Bitici U & Carrie A (1998) Strategic management of the manufacturaigevchain,
Proceedings of the international conference ofrtfamufacturing value-chain Agust’
98, Troon, Scotland, UK, International Federationlhformation Processing

Black T R (1999) Doing Quantitative Research in the Soca¢i&es: An Integrated
Approach to Research Design, Measurement and t8istiSAGE Publications

Boardman J, Griffin J and Murray O ( 2001), The Oxford History of Greece and
the Hellenistic World, Oxford University Press

Boyer K K, Frohlich M T and Hult G. T. M . (2004), Extending The Supply Chain:
How Cutting-Edge Companies Bridge the Critical Lskie into Customers’ Homes,
AMACOM American Management Association, New York

Broeckelmann R (1998) Inventory Classification Innovation: Pavitite Way for
Electronic Commerce and Vendor Managed Inventofye Bt. Lucie Press/APICS
Series on Resource Management

Brue G (2002) Six Sigma For Managers, McGraw-Hill Profesal, USA

Brunn P, Jensen M and Skovgaard J2002) E-Marketplace: Crafting A Winning
Strategy, European Management Journal, Vol. 2@I8siElsevier Science Ltd.

Carreira B ( 2005) Lean Manufacturing That Works : Powerfubols for
Dramatically Reducing Waste and Maximizing ProfRs/ACOM, NY, USA

Cartin T J (1999) Principles and Practices of Organisati¢teaformance Excellence,
American Society of Quality (ASQ), America

Carlsson B (1995) Technological Systems and Economic PerfoomaThe Case of
Factory, Springer

Carter B and New CEd. (2004). Making Realism Work: Realist Sociak®ty and
Empirical Research, Critical Realism: InterventioRsutledge

Cellary w and Lyengar A Ed. (2002) Internet Technologies, Applications and
Societal Impact, Kluwer Academic Publishers.



Applications for achieving the promise of e-manufacturing

Chaffey D (2004) E-business and e-commerce management,gstratglementation
and practice,1963-2nd ed, Upper Saddle River, NlbiWaFT Prentice Hall.

Chambers (1999) Power Primer: A Nontechnical Guide from &mtion to End Use,
PennWell Books

Chan C. K. D, Yung K.L., and Ip W.H. (1999), The implementation of a model for
integration of MRPII and TQM, Integrated Manufaitg Systems, Vol.10 No. 5
Childe, 1997, An introduction to computer aideddarction management, Springer

Collin S. (2001) ¥. Ed. Dictionary of Information Technology, Oak Ral_, USA:
Peter Collin Publishing, Limited

CCS (Community Connectivity Section) (2008) Webcastirg-strategy Guide,
Australian Government, Department of Communicatioméormation Technology
and the Arts, [Online] Available at: < http://www.e-
strategyquide.gov.au/website_functions/webcastidgcessed on10/05/2008]

Cooper and Zmud (1990) Information technology implementation resba A
technological diffusion approach, Management S@ek©l|.36, No. 2

Cox R and Brittain P (2004) Retailing: An Introduction, Pearson Edumatis" Ed.
FT Prentice Hall, Pearson Education

Cresswell L, Fielding-Smith D. Goodier A and SheehaD (2000) Product Design:
Graphics with Materials Technology, Advanced Desagid Technology for Edexcel,
Heinemann

Darlington K (2005) Effective Website Development; Tools andchireques,
Pearson Education

Darrell (2001) lllustrated History of Wind Power DevelopmgOnline] Available at:
http://www.telosnet.com/wind/early.htrfAccessed on 25/09/07]

Davidrajuh R (2003) Realizing a New E-commerce Tool for Formatf A Virtual
Enterprise, Industrial Management & Data Systen®&@,MCB UP Limited

Davis E. W. and Spekman R.E.(2003) The Extended Enterprise: gaining
competitive advantage through collaborative sugplgins, FT Press

Davis F W and Manrodt K B (1996) Customer Responsive Management: The
Flexible Advantage, Blackwell Publishing

Denzin N(1978) 2nd Sociological Methods: A Sourcebook,:INGraw Hill.
Derby S. J (2005) Design of Automatic Machinery, CRC Press

Deshmukh A (2005) Digital Accounting: The Effects of the Imet and ERP on
Accounting, Hershey, PA, USA: IRM Press.

17¢



Applications for achieving the promise of e-manufacturing

Dochartaigh N O (2002) The Internet Research Hnadbook: A Practiaide for
Students and Researchers in the Social Sciences)iS8earch, SAGE

Drexl and Kimms (1998) Beyond manufacturing resource planning (MRP
Advanced models and methods, Springer

DTI (Department of Trade and Industry), (2006),
www.dti.gov.uk/industries/information_security and www.getsafeonline.org
Information Security Breaches Survey 2006 (ISBSQO&Q [Online] Available at:
http://www.enisa.europa.eu/doc/pdf/studies/dtii€i&?pdf [Accessed on 07/05/2008]

Durie B (2001) E-business Essentials, 10 key steps tolwgionise your business,
How to Books Ltd, UK

Emerald Insight Staff (CB) (2005) Customer Relationship ManagemEmerald
Group Publishing Limited, UK

Etheridge D (1992) Information networks, planning and desigrenfice Hall, New
York London

Fazlollahi B (2002) Strategies for eCommerce Success, ldeapGnauIGl)
Ferreira J. J. P. Ed. (2004) E-manufacturing: business paradigms srpgporting

technologies: 18 International Conference on CAD/CAM, Robotics, drattories
of the Future (CARs & FOF), July 2002, Porto, Pgdi Springer.

Fleming L (2004) Excel HSC Business Studies, Pascal Press

Fowler F J (2002) Survey Research Methods, 3nd, Applied $&@search Methods
Series, Vol 1, SAGE Publications

Forester T (1985) The Information Technology Revolution, MPfess

Gale C. and Kaur J.(2002), The Textile Book, Berg Publishers

Gattorna J L and Walters D W (1996) Managing the Supply Chain, A Strategic
Perspective, Macmillan Press Ltd, London

Gasman L (1994) Telecompetition: The Free Market Road te thformation
Highway, Cato Institute, Washington

Gass S. I. and Assad A(2005) Am Ammptated Timeline of Operations Reskar
An Informal History, Springer

Gattorna J L (1998) Ed. Strategic Supply Chain Alignment: Besictice in Supply
Chain Management, Gower Publishing Ltd , England



Applications for achieving the promise of e-manufacturing

Gattorna J L (2003) Ed. Gower Handbook of Supply Chain Managumﬁh Ed.
Gower Publishing Ltd, England

Geest T V D(2001) Web Site Design is Communication Design¢cioent Design
Companion Series, John Benjamins

Gerndt M (2002) Ed. Performance-oriented Application Depetent for Distributed,
IOS Press

Gillham B (2005) Research Interviewing: The Range of Tealmsg GBR: McGraw-
Hill Education

Girdhar P, Greef G and Ghoshal R(2004) Practical E-Manufacturing and Supply
Chain Management, Newnes

Granky P G (1986) Computer Integrated Manufacturing, An ldtrotion with Case
Studies, Prentice-Hall International, UK

Gray D E (2004) Doing Research in the Real World, SAGE

Greene Ed. (1985) Production and inventory control harakpo3?, McGraw-Hill
Professional

Gupta J N D and Sharma S K(2004) Creating Knowledge Based Organisations,
Idea Group Inc (IGI)

Handfield R. B. (1999) Introduction to supply chain managemenénice Hall ,
Prentice-Hall International (UK), Upper Saddle Riv¢.J. London

Heim, J.A.and Compton W. D.(1992) Eds, Manufacturing Systems: Foundations of
World-Class Practice, National Academy of EnginegriNational Academy Press,
Washington

Helicon Publishing (2005) Hutchinson Dictionary of Computing and thiernet,
Abingdon, Oxfordshire, GBR: Helicon Publishing.

Hobbs D.P. (2003) Lean Manufacturing Implementation: A Contgld&xecution
Manual for Any Size Manufacturer, J. Ross Publighincoorporated

Hoek R V (2001) Research Note, E-supply chain —VirtuallynNgxisting, Supply
Chain Management: An International Journal, Vd\6, 1, MCB University Press

Hossain Ed. (2002) Enterprise Resource Planning: Globalpddpnities and
Challenges

Higgins P, Rpy P. L. and Tierney L.(1996) Manufacturing Planning and Control:
Beyond MRPII, Springer

lan M Ed. (1990) Encyclopedia of the History of TechmyloFlorence, KY, USA

18C



Applications for achieving the promise of e-manufacturing

IBM Redbooks (2003) Implementing EDI Solutions, Durham, NC, USA

IBM Redbooks2 (2003) B2B Solution Using WebSphere Business hattton V4.1
and WebSphere Business Connection V1.1, Durham U832,

Information Services Board, Policy definition, [online] available at:
http://isb.wa.gov/policies/definitions.aspx#Indéccessed on 08/10/2005]

Irwin J. D. (1997) The industrial electronics handbook, A CR&hdbook Published
in Cooperation with IEEE Press, CRC Press

IVC (2001) Technical Papers, IBM Institute for Advanc€dmmerce, [Online]
available athttp://www.research.ibm.com/iac/papers/icdcsws¥@ihtml [Accessed
on 09/10/2006]

Jackson P L, Harris L and Eckersley P M (2003) E-business Fundamentals,
Routledge

Jespersen B D and Skjott-Larsen T(2005) Supply Chain Management: In Theory
and Practice, Copenhagen Business School Press DK

Jiang P Y Ed. (2007) E-Manufacturing towards Global Engniregg Bradford, UK:
Emerald Group Publishing Limited

Johnson B (1992) Polarity Management: Identifying and MamagiUnsolvable
Problems, Human Resource Development Press

Lee J and Ni J(2002) An introduction of embedded infotronics rigier tether-free
prognostics, NSF Industry/University Cooperatives&each Center on Intelligent
Maintenance Systems (IMS) [Online] Available at:
<http://lwww.cs.rpi.edu/~goebel/ss02/papers02/jleed2> [Accessed 22/02/2009]

Lemelson-MIT Program (2002), Inventor of the Week, SAMUEL F.B. MORSE,
[Online] Available at:< http://web.mit.edu/invent/iow/morse.html [Accessed
10/10/2005]

Kaighobadi M and Venkatesh K (1994) Flexible Manufacturing Systems: An
Overview, International Journal of Operations & drction Management, Vol. 14
No.4

Kalakota R and Robinson M (2001) E-Business 2.0: Roadmap for Success,
Addison-Wesley

Kamel S (2005) Electronic Business in Developing Countri@pportunities and
Challenges, Idea Group Inc (IGl)

Karimi J, Somers T M and Gupta Y P (2001) Impact of Information Technology
Management Practices on Customers Services, Joafridanagement Information
Systems, Vol 17 No. 4, cited by Adebanjo D (2008)sSifying and Selecting e-CRM
Applications: An Analysis-based Proposal, Managemnbatision

181



Applications for achieving the promise of e-manufacturing

Kaplan B M, Truex D. P.lll, Wastell D, Wood-Harper A. T. and DeGross J |.
(2004) Ed. Kluwer Academic Publishers, Springer

Karris S. T (2004) Networks—Design and Management, Orchardi¢ailons, USA
Keller P A (2005) Six Sigma Demystified, McGraw-Hill Professal

Khosrow-Pour M (2001) Managing Information Technology in a GloEaionomy,
Idea Group Publishing Inc (IGI), USA

Khosrow-Pour M (2006) Ed. Dictionary of Information Science andchinology,
Idea Group Publishing, USA

Kracklauer A H, Mills D Q and Seifert D (2004) Eds, Collaborative Customer
Relationship Management: Taking CRM to the Nexele8pringer

Krar S and Gill A (2003) Harnessing the Web, Advanced Manufactukiiagazine,
Volume 5 Number 4

Krar S. F. and Gill A (2003) Exploring Advanced Manufacturing Techno&sgi
Industrial Press Inc.

Krouse J. K. (1982) What Every Engineer Should Know About Cotepiiided
Design and Computer, The CAD/CAM Revolution, CR@93r

Kvale S (1996) Interviews: An Introduction to QualitatiResearch Interviewing,
SAGE

Lewin C (2004) Ed. Research Methods in the Social Sciel@BR: Sage
Publications, Incorporated, London

Locke D (1996) Global supply management, a guide to iatgwnal purchasing,
McGraw-Hill

Lysons K (2000) Purchasing and supply chain managemengdtirinancial Times
Prentice Hall, Harlow, England

Maddock R. (1995), Telecommunications and economic developmieiscussion
Paper, No. 95:14, Latrobe University, Schools abritamics and Commerce

Cited in: Madden G. and Savage S. J., 2000, Telguamtations and economic
growth, International Journal of Social Econom¥slume 27, Numbers 7-10

Madu C N and Kuei C H (2005), ERP and Supply Chain Management, Chi
Publishers Inc, USA

Makey P (1997) Electronic commerce, Butler Consulting Grou

182



Applications for achieving the promise of e-manufacturing

Mann C. L. (2000) Global electronic commerce, a policy pnim#&ashington, D.C.,
Institute for International Economics

Martel-Lawson H (2004) 200 Marketing Ideas for Your Website, Maikg Cues
Internet

Martin L M (2002) Business-to-Business electronic commerce

Mayer J (2001) Supply Chain Automation: Supply Chain Maragnt Solutions for
the Internet Generation of Business. Stanford Usitxe

Maykut P and Morehouse R(1994) Beginning Qualitative Research: A Philosoph
and Practical Guide, The Flamer Press

Meadhra M (2005) How to Do Everything with Dreamweaver 8, Gtaw-Hill
Osborne

Meguid S. A. (1987) Integrated Computer-Aided Design of MecbahiSystems,
Springer

Mena J (1999) Data Mining Your Website, Digital Press

Milutinovic V and Patricelli F (2002) E-Business and E-Challenges, Emerging
Communication, studies in New Technologies and tRxes in Communication, 10S
Press

Monteiro J L, Swatman P M C and Tavares L V (2003), Eds. Towards the
Knowledge Society: Ecommerce, Ebusiness, and E@owent, Kluwer Academic
Publishers

Nah F. F. H (2002), Ed. Enterprise resource planning solutiand management,
Hershey, PA, Idea Group Publishing, USA

ONS (Office for National Stastistics) (2007), Infornmmat and Communication
Technology (ICT): Activity of UK Businesses, 200@®rjline] Available at: <

http://www.statistics.gov.uk/downloads/theme ecow@mmommerce _report 2006.pdf
> [Accessed on 13/05/2008]

OTA (Office of Technology Assessment) (1983) Automatemd the Workplace:
Selected Labour, Education, and Training Issue3.eéhnical Memorandum, Diane
Publish, USA

OTA (Office of Technology Assessment) (1984), Compmésr Manufacturing
Automation: Employment, Education, and the Workpldgiane Publishing, USA

OTA (Office of Technology Assessment) (1985) InforroatiTechnology and R&D:
Critical Trends and Issues, DIANE Publishing, USA

OTA (Office of Technology Assessment) (1995) Wirel@shnologies and the
National Information Infrastructure, Diane Publisii USA

18:



Applications for achieving the promise of e-manufacturing

Olson J. S.(2001) Encyclopedia of the Industrial RevolutinrAmerica
Westport, CT, USA: Greenwood Publishing Group, hpooated

O’Leary D E (2000) Enterprise Resource Planning Systems: Sgsteife Cycle,
Electronic Commerce, and Risk, Cambridge UniverBityss

O'Leary Z (2004) Essential Guide to Doing Research, LondGBR: Sage
Publications, Incorporated

Oliver, R. L. (1997), Satisfaction: On a Behavioural Perspectinethe Consumer,
McGraw-Hill, New York, NY.

Overby J W and Min S (2001) International supply chain management iingarnet
environment, A network-oriented approach to intdéomalization, International
Marketing Review, Vol 18 No. 4, MCB University Pges

Pande P S and Holpp L(2002) What Is Six Sigma? Blacklick, OH, USA: Mc@r-
Hill professional

Pande P S, Neuman R P and Cavanagh R (000) The Six Sigma Way: How Ge,
Motorola, and Other Top Companies are Honing TRenformance, McGraw-Hill

Paquette L (2004) The Sourcing Solution: A Step-By-Step GuideCreating a
Successful Purchasing Program, AMACOM Div Ameridédanagement Association,
New York

Patel (2005) Wind And Solar Power Systems: Design, Asiglyand Operation, CRC
Press

P-E Consulting (1996) Supply chain partnerships - who wins? yeyrinto the
opportunities and threats from supply chain refegiops, P-E Consulting, Egham

Pelion Systems, INC The evolution from MRP/ERP to lean manufacturi®g
demand driven supply chain management, A white p&pmorado.

Peratec Ltd (1994) Total Quality Management, Springer

Pohlen T L and Goldsby T J(2003) VMI and SMI Programs, How Economic Value
Added can Help Sell the Change, International Jaluaf Physical Distribution &
Logistics Management, Vol. 33 No. 7

Pool L D S(1990), Technologies Without Boundaries: On Tehegwnications in a
Global Age, Harvard University Press

Porter M E (1998) On Competition, Harvard Business Schoos$re

Piercy N F (2002) Market-Led Strategic Change: A Guide tonsfarming the
Process of Going to Market“Ed, Elsevier

184



Applications for achieving the promise of e-manufacturing

Pitlak J,CB (2002) ALE, EDI, & IDoc Technologies for SARnd Edition. A
Division of Prima PublishingBoston, MA, USA: Course Technology

Plossl(1994) Orlicky’s material requirements planningy®,McGraw-Hill, Inc, New
York

Przekop P (2005) Six Sigma for Business Excellence: A Mamagé&uide to
Supervising, McGraw-Hill Professional

Pyzdek T (2003) Six Sigma Handbook, McGraw-Hill Trade, USA

Quayle M (2006) Purchasing and Supply Chain Managementatesfies and
Realities, Idea Group Inc (IGI)

Rahman S M and Bignall R J(2000), internet Commerce and Software Agents:
Cases, Technologies and Opportunities, Idea Grolighing

Radhakrishnan R., Balasubramanian SBusiness Process Reengineering—Text &
Cases, PHI Learning Pvt. Ltd

Ranganathan C., Dhaliwal J.S., Teo T. S.H2004) Assimilation and Diffusion of
Web Technologies in Supply-Chain Management: Annkiration of Key Drivers

and performance Impacts, International Journalle€ttonic Commerce, Nov. 9, No.
1, M.E.Sharpe, Inc.

Raisch W (2000) E-Marketplace : Successful Strategies irB B2-Commerce,
McGraw-Hill Professional Book Group, USA

Ransom D(2002) Dynamic Web Forms, Professional Projectsn@anion Web Site,
Thomson Course Technology, premier Press, Inc

Reynolds J (2001) Logistics and Fulfilment for E-business: Phactical Guide to
mastering, Focal Press

Rosen A(2002) The E-commerce Question and Answer BooBufvival Guide for
Business Managers’,‘dZAMACOM, American Management Association, New york

Ross J E(1999) Total Quality Management: Text, Cases aeddihgs, % Ed., CRC
Press

Rowlatt A (2001), Measuring E-commerce: Developments in Wie Office for
National Statistics, Laos Satellite Meeting on iStats for the Information Society,
Japan, [Online] Available at: <
http://www.stat.go.jp/English/info/meetings/iaodifpdwlatte.pdb  [Accessed on
12/05/2008]

Scalessa, N. H(2001) The Hook and The Book: The Emergence ofckeb and
Knitting in American Popular Culture, 1840- 1876 eTl.ibrary Company of
Philandelphia,

18t



Applications for achieving the promise of e-manufacturing

Sandler B. Z.(1999) 29 Ed. Robotics: Designing the Mechanisms for Autteda
Machinery, Elsevier

Scholz R W and Tietje (2001) Embedded Case Study Methods: Integrating
Quantitative and Qualitative, Sage Publicationsterimtional Educational and
Professional Publisher, London

Schurr S. H. & Burwell, C. C. & Devine, W. D. and Sonenblum S.(1990)
Electricity in the American Economy: Agent of Teological Progress,
Praeger/Greenwood

Seifert D (2003) Collaborative Planning, Forecasting, angl&&shment: How to
Create Supply Chain Advantage, American Managermssbciation (AMACOM),
New York.

Shaw M J (2002) Ed. E-business Management: Integration eb\Wechnologies
with Business Models, Springer

Sheikh (2003) Manufacturing resource planning (MRPII)thwintroduction to ERP,
SCM and CRM, McGraw-Hill Professional

Shields M G (2001) E-business and ERP: Rapid Implementatiod Bmoject
Planning, John Wiley and Sons

Singh M P and Huhns M N (2005) Service-Oriented Computing: Semantics,
Processes, Agents, John Wiley and Sons

Standing C (2000) Internet commerce development, Artech ldpB®ston London
Tassabehji R2003,Applying e-commerce in busingsSAGE, London.

Stanford-Smith B and Kidd P T ,Eds (2000) E-Business: Key Issues, Applications
and Technologies, 10S Press

Stefansson G(2001) Business-to-business data sharing: A solacentegration of
supply chains, International Journal of Productmonomics Vol. 75 Issuesl-2

Swatman P M C and Swatman P A(1992) EDI System integration: A Definition
and Literature Survey, Journal of the Informatiarcity 8(3)

Talavage J and Hannam R G(1988) Flexible Manufacturing Systems in Practice:
Applications, Design, and Simulation, CRC Press

Taylor F. W. (1911) Principles of Scientific Management [On]iAeailable at:
http://www.marxists.org/reference/subject/econorigsgor/principles/introduction.ht
m, [Accessed on 31/07/07]

Taylor D. H. (1997), Global cases in logistics and supply mimanagement,1951- ,
International Thomson Business, London

18¢€



Applications for achieving the promise of e-manufacturing

TechLean(2001) TechLearn Briefing: interactive whiteboarfimline] Available at:
www.jisc.ac.uk/uploaded documents/interactivewlosabs211102.dodAccess] on
26/02/08

Tempelmeier H (1993) Flexible Manufacturing Systems: Decisionpart for
Design and Operation, Wiley Series in Systems Ewging, Wiley-Interscience,
New York

Teo T.S.H., Ranganathan C., Dhaliwal, J2006) Key Dimensions of Inhibitors for
the Deployment of Web-Based Business-to-Businesgctiinic Commerce,
Engineering Management, IEEE Transactions on, Vel Issue 3,

Teltumbde A. (2000) A framework for Evaluating ERP Projectaformational
Journal of Production Research, Vol. 38 No. 17Idia§ Francis Ltd.

Thomas R M (2003) Blending Qualitative & Quantitative Resdaflethods in
Theses and Dissertations, Corwin Press, INC

Tijskens L M M, Hertog M L A T M and Nicolai B M (2001) Food Process
Modelling, Woodhead Publishing in Food Science &adhnology, CRC press LLC,
Woodhead Publishing Limited

Timm P (1994), Business research: An Informal Guide, @eufechnology Crisp,
Menlo Park, CA, USA

Turban E (2002) Electronic commerce 2002, a manageriapsative, Prentice Hall

Urs, V. B. (2000), Triumph of Ethernet: Technological Comntiesi and the Battle
for the LAN Standard, Stanford University PressAUS

Vickery G OECD Information Technology Outlook: ICTs and the Inf@tion
Economy, OECD Online Bookshop.

Van S, Craig (2003) E-business technologies, supporting theenbanced
organization, Hoboken, NJ Wiley

Vesa J(2005) Mobile Services in the Networked Econonagd Group Inc

Yang L T, Amamiya M, Liu Z, Guo M, Ramming F J (Eds.) (2005) Embedded
and Ubiquitous Computing—EUC 2005: International nféeence EUC 2005,
Nagasaki, Japan, December 2005, Proceedings, 8pring

Yin R K (2003) Case Study Research: Design and MethodsE&r Applied Social
Research methods Series Vol. 5, SAGE Publicatibrisynational Educational and
Professional Publisher



Applications for achieving the promise of e-manufacturing

Weele A. J(2000), Purchasing and supply chain managementysasiaplanning and
practice, 2nd ed, International Thomson Businessdbn

Wight (1995) Revised Edition, Manufacturing Resourcenfilag: MRPII: Unlocking
America’s Productivity

Wikipedial (2007) Archimedes, [Online] Available at:
http://en.wikipedia.org/wiki/Archimedeg#ccessed 15/10/07]

Williams D J (1994) Manufacturing Systems: An Introductiontte Technolgies,
Springer

Willis T H and Willis-Brown A H (2002) Extending the value of ERP, Industrial
Management & Data Systems, Vol. 102 No. 1, MCB @ity Press

Milutinovic V and Patricelli Ed. (2002) E-Business and E-Challenges, Emerging
Communication, Studies in New Technologies and tRes in Communication, 10S
Press

Wood D F (1995) International logistics 1935-, Chapman &IHdew York

Woodruff R B and Gardial C S (1996), Know Your Customer: New Approaches to
Understanding Customer Value and Satisfaction, i&ledl Publishing

Wroblewski T R.(2002) Global Digital Business: A Perspective @reating B2B
Value, McGraw-Hill Professional, USA

Yang H J (2002) Successful Evolution of Software Systemsrwbod, MA, USA:
Artech House, Incorporated

Zhou M C and Venkatesh K(1999), Modeling, Simulation, and Control of Flebe
Manufacturing Systems, A Petri Net Approach, Seiredntelligent Control and
Intelligent Automation, Vol.6, World Scientific

Zhuang Y (2004) The Impact of Top Managemement CommitnBuasiness Process
Redesign, and IT Planning on the Business-to-Comsui-Commerce Site,
Electronic Commerce Research, 4: 315-333, Kluwead&mic Publishers.

Zurawski R (2005), Ed. The Industrial Information Technolddgndbook, Industrial
Electronics Series, CRC press

18¢



Applications for achieving the promise of e-manufacturing

APPENDIX

Appendix 1.0: E-manufacturing Questionnaire

Please complete this questionnaire by using youwsedeft button to place a cross in the

appropriate box, if you want to change the ansalak on it again.

Your Name:
Position:
Telephone:

Email address:

E-manufacturing concerns the use of the internet abusiness technologies by
manufacturing industries to improve all aspects pefrfformance. This survey aims to

investigate how e-manufacturing is currently imptetedand what should be improved

It should only take around 5-10 minutes to compllki® questionnaire.

Company Name:

Website:

Industrial Sector:

Main Products/Services:

Please cross your latest annual turnover (£) mimill
[]Less 1.4m []1.4m-6.99m[ | 7m- 34.99m_| More than 35m, please specify; |
Number of Employees:
[ J10orless [ ]11-49 [ ]50-249 [ ] More than 250

The questions below may be provided with multipieveers, pleaselick all that apply.

1. Are your main products rare or are they rel@gicemmonplace?

Please click a number with 1 being rare and 5 v@ymonplace[ ]1 []2 []3 []4 []5
2. What is your product process choice?

[ IProject [ ]Jobbing [|Batch [ JLine [ ] Continuous

3. Please indicate the percentage usage of tlenfoly process strategies:

[ IMake to stock ( Y%[_|Assemble to order ( )%[_| Make to order ( )%

18¢



Applications for achieving the promise of e-manufacturing

[_]Engineer to order (

From£

)%[_] Others ( )%

4. Please give the unit price range of your pragl(iotpounds)?

to £

5. How would you describe the marketing demand/éar main products?
[ ISteady demand [ |Variable demand [ |Seasonal demand
[ |Falling demand [ ] Growing demand

6. Please tick the approximate number of your sbifgend items.
[11-10 []11-25 []26-50 [ ]51-100 [ lOver 100, please specify:

7. On which of the following channels of distribariyou are relying

Channels of
distribution:

Approximate
percentage
of the total

sales

Do resellers
add value tg
your products?
Yes/NO

How do the customers plac¢

their orders? By
Email, Phone, Fax, Pog
EDI, Website or Others

—t

Direct sales tq

individual consumers

Organised markets

Distributors

Retailers

Agents

Franchising

Others(please specify)

8. Please tick the approximate number of raw nelteri
[]51-100 [] Over 100

9. Is your strategy for most materials purchasing:

[]1-10 []11-25

[ 126-50

[ JJust-in-time [ |Seasonal storage [ ] Make to stock Storage

[ lOthers please specify:

10. How do you order materials from suppliers?

[ ] Phond_]Post [_JFax [_]Email [ ] Website[ ]EDI [] Others, please specify:

e

11. What is your perceived ranking against compietitvith respect to the following factors?

1is low, 5 is high.
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Description

Product Quality
Product Cost

Delivery Performance

Rate of New Product Introduction
Use of IT

Customer Service

OOoO00000d -
OOooggdg s~
OO000000 e
I N
OO00dddon

Position among your competitors in th

market share

Information and Communications Technology (ICT) tie fusion of computers and
telecommunications. With a communications chanselch as the Internet or other
information services, ICT has enabled individuatsl arganisations to acceskata anytime
and anywhere, and brought innovations in produasigh, operation processes and even
organisational structures.

12. Please specify what ICT application software lbeen applied to your company?

13.Who is allowed to selectively access to youaldase over the extranet?

[ ] None [] Customers [ ]Suppliers [ | Branches [ ]Partners [ ]Transportation

[ ] Others, please specify:

14. Your website is designed for:

[ |Business-to-Business (B2B) [ ]Business-to-Customer (B2C)

[ ]B2B and B2C [ ]Informational [ Jinteractive

15. Does your website disclose the products’ pricd¥es [ INo

16. If not, please explain the reasons:

17. If you do not sell the products directly to t#yed users through the internet, why not?
Please state:

18. How satisfied are you with your current IT gyss?Please click a number with 1 being
lowest and 5 being the highes{_11 [12 [13 []4 [15

19. What is the level of integration of all apptioa software so as to the only one database
to be accessed? being non-integration and 5 being the highesteeg

(12 2 [3 [4 [s

20. What applications have been integrated? SudBRistMRP, or ERP +CRM.......

Please state here:

21. The integration of the shop floor with the ftqor is traditionally considered the weakest

link in the enterprise. Are you facing the samebofgm?
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[lyes please specify:

[] No,What are your solutions?

22. Supply chain management efficiently integragegpliers, manufacturers and customers
together to deliver flow co-ordination. Do you tkiyour supply chain needs to be improved?
[] Please specify the problems with suppliers:

What application software has been used to coopewdth the suppliers?

[] Please specify the problems inside the factory:

What application software has been used to imphaegnal communication?

[ ] Please specify the problems with customers:

What application software has been used to be tabttose to customers?

23. Please cross all of the following ways in whyolu use the internet:

Do you use the internet for [ lYes If you are unsatisfied with the

performance, please specify

Email

Internal communications

Post product schedules

Inventory information

Speed up product process

The integration of shop floor with the tg
floor

Data sharing with business partners

Marketing/ advertising

Generating direct sales

Providing customer service/support

Electronic banking

Billing, invoicing

Purchasing, ordering

Improving customer relationships

Improving supplier relationships

OoOoooo0oooog 800000

Integration with IT application softwan
like e-EDI, e-ERP, e-CRM
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Appendix 2.0: What do you think is the best way tglace an order?

Shop name:
Your name: Your Position:
Contact Number: Email:

1. What brands of confectionary products and beyeeto you sell? If you do not sell
Cadbury’s products, please indicate why?

2. Why do you choose these products?

3. Which brand is the most popular in Sweet, Guhgdolate, and food drink?

4. Do you directly order from manufacturers? If yglgase going to question 6.

5, If not, what are your purchasing channels?

6. If yes, in which aspects you think the manufestimeeds to be improved in terms
of products and customer services? In which aspleetmanufacturer has done well?

7. Where do you get the information when the martufars are running the
promotion?

8. Would you find an update / alert by e-mail usgfu
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9. How do you place an order? By phone, fax, email...

10. Which is the best way? Why?

11. Do you have any communication problems withrysuppliers?

12. Are you satisfied with your suppliers? If nolgease explain.

13. Do you have access to the internet?

14. How well can you use the internet, please tatlwveen 1 and 57 (5 being the
highest)

15. Do you used to buy things for yourself or ytamily from the internet?

16. Are you expecting to directly order goods fouyshop via the manufacturers’

website?

17. What information would you like to see on thi&ernet page?

18. What extra information would be helpful to knoworder to make a decision
about and order?

19. What would you like to suggest the website &htnok like?
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