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ABSTRACT

The process traditionally adopted in the purchasing of materials in the construction
industry is investigated. There are millions of trading documents, such as orders,
delivery notes and supplier invoices, currently exchanged on paper, each having to be
re-keyed as they pass between different locations and computer applications.
Traditional paper-based purchasing processes in construction are wholly inefficient,
with a high dependency on manual tasks, re-keying of information into standalone
software packages, extensive reproduction of paper documents and mislaid
documentation is commonplace.

The thesis provides a review of existing Information and Communications
Technology (ICT) tools, which will enable a more efficient purchasing process to be
realised in an industry that is traditional, fragmented and project-based in practice. It
is internationally accepted in the business world that ICT is a tool that improves the
efficiency and effectiveness when applied appropriately to a modern business process.
More importantly, however ICT investment should be coupled with the re-designing
of business processes, in order to achieve significant business benefits.

In-depth observation studies identify the inefficiencies that currently exist in the
mainly paper-based purchasing process adopted in the construction industry. In
particular, lessons are learnt following a significant ICT investment by a major Irish
contracting organisation, to improve their purchasing process.

Surveys carried out by the author suggest that there is a low level of awareness of
the capabilities of appropriate technologies to support their purchasing procedures
within the Irish construction sectors. Many lessons can be learned from other sectors
surveyed.

The thesis presents the case for re-engineering the purchasing process by seeking
to adopt a fully integrated ICT solution, which will achieve a dramatic improvement
in the overall levels of productivity with subsequent cost reduction. Two major pilot
projects are presented which provide documented evidence that this re-engineering of
the purchasing process has tangible and quantifiable benefits, with much to offer

contractors and suppliers in the Irish construction industry.
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1.1 INTRODUCTION

Over recent decades, industry generally has come to recognise the inefficiencies that
exist in paper-based systems. Many sectors of industry have replaced their paper-
based systems with electronic systems. The construction sector, however, lags behind
other business sectors in harnessing the greater potential of Information and
Communications Technology (ICT) (Thomas and Hore, 2003; Gunnigan et al., 2004).

Building materials can account for up to 50% of all costs on a typical construction
project (Tavakoli and Kakalia, 1993). There are many millions of trading documents
produced by both main contractors and suppliers, such as purchase requisitions,
purchase orders, delivery notes, supplier invoices, supplier statements and remittance
advice notes (DoF, 2002). Each of these documents has to be re-keyed individually as
they pass between different locations and computer applications (Hore et al., 2004).

It 1s well known that the adoption of ICT to support the materials procurement
process in the construction industry has been sporadic and piecemeal. Very significant
inefficiencies and problems still exist in the Irish construction industry with evidence
of mainly both paper transactions and non-integrated electronic solutions (Hore and
West, 2005a).

Existing ICTs such as the Internet, Bar-coding, Radio Frequency Tagging,
Electronic Data Interchange (EDI), Electronic Catalogues (eCatalogues), Enterprise
Resource Planning (ERP) software and handheld wireless devices have facilitated
eCommerce within many business sectors (Hore and West, 2005b).

The author’s research findings have shown that through a thorough understanding
of the current inefficiencies that exist in construction purchasing, together with an
awareness of the current technologies available, it is possible to re-engineer the
purchasing process, in order to achieve a dramatic productivity improvement and
significant administrative cost savings by the effective use of an appropriate
integrated ICT solution. It will be seen that the biggest savings can be achieved
through the exchanging of purchase orders, delivery notes and supplier invoices

electronically (Hore and West, 2005c).

1.2 THESIS OBJECTIVES

The overall aim of this thesis is to re-engineer the purchasing process by enabling an

electronic match of the purchase order, delivery note and supplier invoice, thus
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enabling a significant improvement in both productivity and overall purchasing
administration costs.

In order to achieve this aim, the following objectives will be realised.

1. Identify the inefficiencies that currently exist within the material purchasing
process in construction.

2. Review the appropriateness of currently available ICT tools to support
electronic purchasing in the construction industry.

3. Examine the application of Business Process Re-Engineering (BPR) and the
enabling role of ICT, in seeking to achieve worthwhile productivity and
administrative cost savings in the purchasing of materials in construction.

4. Observe the nefficiencies present in a traditional paper-based administration
and management system for ordering, receipt and payment of building
materials in a large contracting organisation.

5. Examine the extent to which the top Irish construction building contractors
and building suppliers are currently exploiting electronic purchasing, the
drivers and barriers to electronic purchasing and the likely future direction of
Electronic Commerce (EC) in the Irish construction industry.

6. Observe the inefficiencies remaining in the administration and management
systems for ordering, receipt and payment of building materials, following the
implementation of a standalone ERP software solution in a large contracting
organisation.

7. Examine the extent to which the top Irish companies are currently exploiting
electronic purchasing, the drivers and barriers to electronic purchasing and the
lessons that can be learned from other business sectors by the Irish
construction industry.

8. Demonstrate by use of a pilot project, that delivery data can be successfully
captured electronically and be acceptable as a “Proof of Delivery” for the
construction industry.

9. Re-engineer the purchasing process within a contractor’s organisation, by
enabling an electronic three-way match of the purchase order, delivery docket
and supplier invoice, thus enabling an improvement in both productivity and

overall administration costs per purchasing transaction.
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1.3 METHODOLOGY

The research methodology adopted involved five interlaced phases of work: a
literature review, observation studies, industry questionnaires, process re-engineering
and pilot studies.

Initially an extensive literature review was undertaken to identify relevant
literature on purchasing procedures adopted in the construction industry including
research on inefficiencies and innovations that existed in the construction purchasing
process. The literature review progressed by investigating the various ICTs that were
currently adopted to support the purchasing processes in the construction industry.
The final stage of the literature review involved extensive research into the
management theory of BPR, which culminated in the adoption of a particular BPR
methodology developed by Li (1996).

The methodology progressed to carrying out an observation study in 2002, where
the purchasing processes and the ICT used by a large Irish construction company were
observed. In particular, the inefficiencies that were present in the observed purchasing
process were 1dentified.

Following the first observation study, a survey of the top Irish contractors and
building suppliers was carried out in early 2004. The aim of the survey was to
determine the level of ICT usage in their purchasing processes, together with the
drivers and barriers to the adoption of a more integrated ICT purchasing process
within the Irish construction supply chain.

A second observation study in the same construction company was carried out
because they had invested in an ERP system to improve their business processes. This
observation study involved identifying the inefficiencies that remained following the
ICT investment.

Subsequently, a second survey of top Irish businesses was undertaken in late 2004.
The aim was to determine the level of ICT usage among the top Irish companies in
their purchasing processes, together with the drivers and barriers to the adoption of a
modern integrated ICT purchasing process.

With this background, the purchasing process was re-engineered with a view to
addressing the principal problems which had been observed, taking the experience of

other industries into account and making use of opportunities offered by existing ICT.
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Arising from the proposal to re-engineer the procurement process, the final step in
the methodology involved carrying out two pilot projects, in 2004 and 2005. The 2004
project sought to prove that Electronic Proof of Delivery (ePOD) was an appropriate
solution for construction deliveries. The aim of the second (2005) pilot was to
demonstrate that the solutions and opportunities offered by the re-engineering of the
purchasing process were demonstrated by achieving a three-way electronic match of

the purchase order, delivery docket and supplier invoice information.

1.4 OUTLINE OF CHAPTERS

This thesis commences with a literature review, in Chapter 2, of the purchasing
practice and objectives of purchasing in a contracting organisation. The particular
problems and inefficiencies of the currently mainly paper-based purchasing process
are identified, together with the opportunities for electronically supporting the
process. Currently available technologies are discussed, together with their
applicability in purchasing processes. Examples of successful electronic markets for
the construction industry are highlighted together with the importance of Supply
Chain Management (SCM) and its link to the enabling role of ICT. The managerial
concept of BPR is discussed at length, together with a methodology to affect the re-
engineering of purchasing practice in construction.

Chapters 3 and 5 concentrated on observing purchasing procedures adopted within
a large Irish contracting organisation, carried out in 2002 and 2004 respectively. The
2002 study reported on a mainly paper-dependent process, which was found by the
author to be wholly inefficient and costly to administrate. The 2004 study reported on
an improved process, following the investment by the company in an ERP system.

Chapter 4 and 6 concentrate on the design, distribution and analysis of two online
electronic purchasing surveys carried out in 2004. The first survey focused on the top
construction companies in Ireland and the second survey focused on the top
companies 1n Ireland. Both surveys found that the overall use of ICT in construction
purchasing was very low and relatively unsophisticated, in comparison to other
business sectors.

Chapter 7 and 8 document two live pilot projects that were carried out in 2004 and
2005 respectively. The 2004 pilot project focused on ensuring that delivery data can

be successfully captured electronically and can be acceptable as a “Proof of Delivery”
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for the construction industry. The 2005 pilot project demonstrated that the foundation
of the re-engineered solution is the achievement of a three-way electronic match of
the purchase order, delivery note and the supplier invoice. A critical evaluation of the
success of achieving this three-way match is given.

The thesis concludes with a brief description of the research undertaken, the
principal conclusions and an evaluation of whether or not the research objectives have
been met. A series of recommendations are made for further work in this area of

growing importance.
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2.1 INTRODUCTION

The use of ICT in construction purchasing has been sporadic and piecemeal. Very
significant inefficiencies and problems still exist in both paper transactions and non-
integrated electronic solutions. EC technologies can significantly contribute to the
realisation of these expectations by increased transparency, productivity and
competitiveness, as already demonstrated by other sectors (DoEHLG, 2002). Despite
over two decades of significant advancements in ICT, the adoption of such technology in
the Irish construction industry has been largely piecemeal (Forfas, 1999; Hore and West,
2005a).

At present the extent of use of ICT in construction purchasing is relatively
unsophisticated, mainly dependent on telephone, facsimile machines and networked
personal computers. At the simplest level, the electronic transmission of business
documents offers savings in paper and postage (Hore and West, 2005b).

By going a step further, businesses can make strides in communicating with their
partners, at relatively low cost, through direct links between their computers. Existing
technologies such as the Internet, Bar-Coding, Radio Frequency Identification (RFID),
EDI, Electronic catalogues and ERP Software have facilitated EC functionality within
many business sectors (Hore and West, 2005¢).

In the field of Business-to-Business (B2B) interactions, there is a huge untapped
potential for productivity gains. In Sweden (Laage-Hellman and Gadde, 1996), Finland
(Wegelius-Lehtonen, 1995) and in the UK (Dawood, 1997), materials management has
been identified as an area where significant cost savings could be made. Laage-Hellman
and Gadde gave an account of the progress made by the Swedish construction company
Skanska in its attempts at introducing EDI into its purchasing system. The cost of
processing an invoice, at that time, was found to be SEK 300 (approximately €75).
Laage-Hellman and Gadde concluded that this cost could be reduced by 90% by using
EDIL

L1 (1996) argues that the benefits of ICT deployment are marginal, if simply imposed
on an already inefficient construction process. He argues that the processes should be

redesigned to maximise the use of ICT. Hammer (1990) described how heavy
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investments in ICT in the 1980’s delivered disappointing results, largely because
companies tended to use technology to mechanise old ways of doing business.

This Chapter will seek to highlight the inefficiencies that currently exist in the mainly
paper-based purchasing process in construction and how greater efficiencies can be
achieved by adopting a more integrated ICT EC solution. The author will consider the
appropriate technologies currently available to support electronic purchasing, research
work 1n this field, alterative EC models and the importance of data exchange standards
in achieving an integrated EC solution. The Chapter will finally progress to discuss the
need to re-engineer the current purchasing process in the Irish construction industry.

The author contends that the biggest savings from Electronic Business (eBusiness)
can be achieved from exchanging orders, proof of delivery and invoices electronically.
B2B savings can be realised on the elimination of duplicate data entry by achieving a
three-way match of the purchase order, delivery advice note and the invoice. This
electronic three-way match will led to a re-engineering of the construction purchasing
process. The author concludes that this re-engineering of the purchasing process will
necessitate the main players within the Irish construction industry to adopt a data

exchange standard (Hore and West, 2005c¢).

2.2 PURCHASING PRACTICE IN CONSTRUCTION

2.2.1 Traditional Construction Material Purchasing Procedures

Materials can account for up to 50-60% of a construction project cost (Tavakoli and
Kakalia, 1993). The traditional process of procuring materials in construction is
dependent on a number of factors. For example, the size of the project, size of firm,
organisation structure of the firm and the roles and responsibilities of the employees
within that organisation can dictate purchasing procedures. The process typically involves
both centralised and decentralised personnel. The sophistication of the process varies
widely, with many of the more established firms possessing company manuals detailing

the procedures and standard forms that staff should adopt (Canter, 1993).
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Figure 2.1 depicts an outline of the material purchasing process during the

construction stage.

Ordering Receiving Payment

Sourcing

Delivery
Note

Invoice

| |
] l
Material J] Purchase
Requisition Orders

) e WS e

Figure 2.1. Traditional material procurement process

Purchasing procedures typically involve a paper-based communication process
between the purchaser and supplier. It invariably commences with the sourcing of the
materials. This involves site personnel requisitioning materials on a daily basis, as to their
requirements. Once a suitable supplier has been selected, the next step in the purchasing
process is to raise and issue a purchase order to the supplier. On delivery of the materials
to site, a delivery docket is signed by the contractor and forwarded to head office as proof
of delivery. Payment of the invoice will be made following the matching of the invoice to
the original purchase order and signed delivery docket.

From the requisition of materials to payment of invoices, different paper-based
documents are prepared by hand or on networked personal computers, photocopied,
passed to altemative departments and filed by different groups of participants in the

process. Figure 2.2 shows a typical paper-based purchasing system (Calvert, 1995).
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Figure 2.2. Paperwork required in the purchasing system (Calvert, 1995)

In this paper-based document system, the site office prepares two copies for the
requisition of maternial (R1 and R2). One copy is sent to the buying department and one
copy is filed. The buying department then prepares four copies of the purchase order (O1,
02, O3 and 04). One copy is sent to both the selected supplier and the site office, while
the accounts department and the buying department keep the remaining copies for their
records. The site office will receive an advice note and invoice issued by the supplier
when materials arrive on site. The invoice will be compared with the purchase order by
the buying department and after confirmation, will be passed to the accounts department
to issue payment. The process may vary somewhat from organisation to organisation, but
1S, In main, as described.

Classic purchasing processes in construction are paper-based, where documents are
used to create other documents. As a result, the probability of an error increases as

information is transcribed from one document to another. Although paper documents can
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be inputted into a computer system, data entry requires multiple transcriptions of the data.
As a result, such processes can result in the introduction of additional errors into the
system. Paper-based systems also are dependent on ensuring that all appropriate
departments get copies of the documents necessary to do their job. If even a small
percentage of those documents become lost or misplaced, there can be gaps and delays in

the system (O’Leary, 2000).

2.2.2 Objectives of Construction Purchasing

The aim of any materials management process is to achieve efficient acquisition and use
of materials at the right time, to an acceptable price and, most importantly, to a desired
quality (Stukhart, 1983; Bell, 1986). Leenders et al., (2002) elaborated that the
purchasing function should obtain the right materials, in the right quantity, for delivery at
the right time and the right place, from the right source, with the right service, and at the
right price. Leenders et al., compares purchasers to jugglers, attempting to keep all these
seven rights simultaneously in the air.

If purchasing procedures are not efficient, purchasing administrative costs will be
excessive. The objectives of purchasing should be achieved as efficiently and
economically as possible. Purchasing managers should be aware of the dramatic
improvements that an integrated ICT system can bring to purchasing procedures. For
example, opportunities to reduce transaction costs include automating requisitions,
purchasing cards, electronic proof of deliveries and electronic invoices. Companies with
efficient purchasing processes can create competitive advantage through reduced costs,
improved flexibility and reaction time, while allowing purchasing personnel to

concentrate on value-added activities (Leenders et al., 2002).
2.2.3 Traditional Purchasing Practice in Construction
There are a variety of models that can be adopted in construction purchasing. Dand and

Farmer (1970) described how purchasing can be dealt with by site personnel under the

control of a site manager and within guidelines set out by senior management
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Altematively, a general buyer can be employed to be responsible for the purchasing of
materials for individual projects. In larger companies, buyers can be made responsible for
geographical areas or groups of contracts. In larger organisations, buyers may be required
to specialise in particular material purchases or to deal with particular suppliers.

Canter (1993) described the options in regard to the organisation of the buying and its
position within the framework of the company as a whole. To a large extent, the choice
will depend on the nature of the company and the type of work it carries out. The
alternatives identified by Canter (1993) include: -

e A centralised approach whereby all purchasing is organised and carried out by
one person or within one department.

e A de-centralised approach whereby sites, departments or areas are responsible
for their own purchasing needs.

e A centralised/de-centralised approach, which seeks to attract the benefits,
associated with the individual approaches.

Canter suggests that the best approach is a combined centralised/de-centralised
system, which means all major items are purchased centrally by one source. However,
localised or departmentalised purchasing is also allowed, in order to take account of local
circumstances, but within a framework and guidelines set out by the person responsible

for the overall buying function.

2.2.4 Particular Problems to be Addressed

Purchasing procedures typically involve a paper-based communication process between
the purchaser and supplier, as already stated. In the United States of America, since 1980
there has been a series of studies addressing the problems evident in material
management in the construction industry, sponsored by The Business Round Table
(BRT) and the Construction Industry Institute (CII). The studies brought a greater
awareness of the importance of material’s management in achieving project savings
(BRT, 1982) and costs and benefits of material’s management (CII, 1986). Bell and
Stukhart, (1986) recognised the importance of ICT and its role in the purchasing function
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of a construction company, concluding that the purchasing function must be fully
integrated into the overall ICT management system.

Evidence shows that the construction industry is lagging behind other industries
globally in adopting new technologies (Kong et al., 2001). Kong et al. identified the
limitations of the traditional material procurement process, thus: -

e The process has specific business hours, it can only work with suppliers within a

defined geographical region,;

e the process can only collect a limited amount of information about suppliers and

their products through the collection of physical catalogues;

e physical catalogues are cumbersome to use and require large storage areas;

e catalogues can become dated very quickly, and make searching and comparison of

prices and quality a nebulous task;

e the process is very time consuming and

s the probability of errors occurring is very high as information is transferred from

one document to another.

The paper-based system i1s also dependent on ensuring that all appropriate
departments obtain copies of the documents necessary to do their job. As stated earlier, if
a small percentage of those documents are lost or misplaced, there can be delays in the
system and orders may go unfulfilled. Every step is reliant on input from one or more
individuals and there are frequently problems in the process. For example, the
requirements of the contractor may be misinterpreted by the supplier, a docket could go
missing, transcription errors occur, the invoice may not be correct, the goods may not be
all delivered at the same time, the delivery docket may not match the order, payment
could be held pending matching of documents, etc. Any of these problems can add
significant delay and cost to the process. Although the construction industry has seen
major changes in technology, the industry still remains highly labour-intensive, de-
centralised, and dependent on uncertain economies. Nevertheless, many clients and
contractors are making changes in management and technology, despite the short-term
uncertainty in the industry. To stay competitive in the long term, evolutionary change

must be introduced.
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Construction businesses trade with hundreds, often thousands, of companies in any
year. This result is a vast amount of time wasted undertaking a range of tasks, such as: -

e Re-keying;

e retrieving documents;

e requesting copies of lost documents;

e archiving paper and

e manually analysing data.

The combinations of all these limitations make it increasingly difficult for contractors
to stay abreast of market conditions and, thus, select the most suitable materials and
suppliers for a given project (Kong et al., 2001).

The number of invoices exchanged each year within the Irish construction sector has
been estimated at many millions, with similar numbers of orders and dispatch notes, as
well as a smaller number of statements, credit notes and remittance advice documents
(DoF, 2002). With quoted savings from electronic invoices ranging from €2 to €10 per
invoice, and much greater savings predicted when the full transaction cycle is conducted
electronically, the potential benefit to the industry from achieving the widespread
adoption of electronic trading will be worth hundred of millions of Euros (DoF, 2002).

2.2.5 Opportunities for Electronic Support

Dand and Farmer (1970) spoke of the inevitability of mechanisation and automated
purchase order systems in construction purchasing. Bell and Stukhart (1985 and 1987)
identified that the three most important attributes of a successful materials management
system were pre-construction planning, communications and a comprehensive, yet
flexible, set of computer programs. Bell and Stukhart were not clear at that time what
degree of computer control would be the most effective for a given type or size of
construction project. Bell (1986) indicated that an on-line computer system that exerted
line item control over bills of matenals, purchase orders and material receipts would be

extremely cost effective. Bell (1987) concluded that the cost of developing and executing
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materials management computer programs was significant, but the cost has been
quantitatively justified through the results they provide.

Bell and Stukhart (1987) promoted the use of computer aided Material Management
Systems (MMS) in achieving improved labour productivity, reduced bulk material
surplus and improved vendor performance. Stukhart and Bell (1986) concluded that the
key to successful material management system implementation is not the computer, but
people dedicated to making the system work and educating the organisation so that
people have confidence that the system will work when they need it. Bell and Stukhart
concluded that one of the most common misconceptions is that a materials management
system can only improve if senior management expend the resources to attain a
sophisticated computer capability. Stukhart and Marsh (1986) concurred that the
implementation of materials management is in the application of good management
procedures, concluding that these procedures must work before the computers do.

Figure 2.3 illustrates that the purchasing process involves four stages, namely,
sourcing, ordering, receiving and payment. At each stage there are discrete activities to be
carried out that typically involve the creation of various printed documents, faxing,
photocopying, scanning, posting and re-keying of information into computensed

databases by both the contractor and supplier, all of which can be supported by ICT

applications.
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Figure 2.3. Opportunities for electronic support of the purchasing process
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2.2.6 Key Dnivers for Change

The nature of the construction industry i1s different to other industries, such as the
manufacturing or retail sector, where processes and the working environment are well
defined and controlled (Gann, 1996). The temporary nature and uniqueness of
construction projects is reflected in one-off locations, one-off designs solutions and one-
off project teams, which led to a very fragmented communication platform (see Figure
2 4). This has led to poor communication and inefficient information practices that have
contributed to the emergence of dysfunctional supply chains (Love et al., 1999). This, in
turn, has created challenges for the application of information technology in the Irish

construction industry.

Consultant

A
Architect (E&j )

Facilities

: Sub tract
Client ub-contractor

Construction
Figure 2.4 Fragmented construction industry (Sarshar et al., 2000)

Construction sectors in many countries around the world are increasingly recognising
the importance of ICT as a communication tool. It is now becoming accepted that the

preferred communication model for managing information on a construction project
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should be based on a central project model, through which, all the information is
disseminated (Figure 2.5). A common tool used is a project extranet. There is a
proliferation of extranet products available in the market, each vendor advocating that
their product is the best in their class. Difficulties arise with the use of such technologies,
not least in deciding who will pay for this additional cost. Issues of security, training, ICT
infrastructure etc. will all need to be addressed before these communication tools are

successfully adopted.

Construction
Site %

Client

Figure 2.5. Preferred communication model for construction (Sarshar et al., 2000)

In a report commissioned by the Department of Trade and Industry (DTI) in the UK
in 2002, key dnivers were identified with respect to changes in eBusiness in the UK
construction industry (DLC, 2002). The report concluded that the fragmented nature of
construction coupled with the large number of business transactions on even quite small

construction projects was a significant challenge for the industry. In an earlier report
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commissioned by the DTI in 2000 (DLC, 2000), key drivers and likely future directions
in eBusiness in the UK construction industry were identified, namely:

e Economy and speed of construction. A fundamental driver for eBusiness is
economy, to replace intermediary functions (middlemen), to accelerate order and
delivery times, to shorten communication distances and to reduce transaction
errors and costs.

e Improved business relationships. Effective design and construction requires a
high degree of collaboration on these activities and for good working relations
between all members of the team. Additionally, clients are increasingly looking to
develop long-term partnering arrangements with fewer key suppliers, devoid of
adversarial business relations. Such relations depend on close working towards
mutual goals and information sharing.

e Product and process improvement. Closer integration of design and
construction is highly desirable. Construction can be characterised as a series of
separate and largely sequential processes undertaken by designers, contractors and
suppliers each of whom has little individual commitment to the long-term success
of the product.

e Technology and entrepreneurship. Available technology and the will to exploit
ICT (technology push) is increasingly a key driver in the adoption of e-business in
construction. The development of communication protocols, such as eXtensible
Mark-Up Language (XML), supported by widely available telecommunications
infrastructures, is providing cheaper and more accessible methods of exchanging

construction information.
2.3 TECHNOLOGY AND PURCHASING
2.3.1 Electronic Commerce
Electronic Commerce (EC) is defined as the exchange of goods or services via a system

based on electronic communication or storage (Baron et al., 2000). Figure 2.6 illustrates

the timeline in the advanced ICT applications led to EC.
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Figure 2.6. Indicative timeline of ICT applications in eCommerce (Evangelista, 2003)

EC applications began in the early 1960s with such innovations as EDI. EDI added
other kinds of transactions processing and extended the types of participating companies
from financial institutions to manufacturers, retailers, services, and other forms of
business. However, the applications were limited to large organisations and a few small
businesses at that time. The most pervasive force in the evolution of EC was the
introduction of the Internet in the early 1970s.

In the early 1990s, with the introduction of Personal Computers (PCs) and Laptop
PCs, EC applications expanded rapidly. The emergence of Intranets and Extranets created
the first real opportunity for electronic markets. After nearly three decades of not-for-
profit operation, the network was transformed into a worldwide digital marketplace
practically overnight. When information exchange became electronic, both subtle and
dramatic changes in the nature of human and organisational communication occurred
(Porra, 2000).

Almost every medium to large sized company in the world has a website. For

example, in 1999 General Motors Corporation (www.gm.com) offered more than 18,000
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web pages of information, which included more than 100,000 links to its products,
services, and related topics. EC changed almost all functional aspects of a modemn
business enterprise, particularly in industries such as financial services, travel, and
retailing (Shaw, 2000).

Business transactions conducted electronically fit into two categories :

1. Business-to-Customer (B2C) where companies sell direct to consumers over the
Internet.
2. Business-to-Business (B2B) where two businesses make transactions

electronically.

It has been the area of B2C EC that has made most gains. For example, websites such
as Amazon.com, eBay.com and Ryanair.com have all extensively facilitated consumer
business over the Internet. Adoption of B2B EC is slightly slower. B2B EC is an
electronic means of carrying out business transactions between two or more businesses.
B2B incorporates everything from manufacturing to service providers. An example of
such a method of carrying out business would be a company that uses the Internet to
place an order from the suppliers or retailers, receive electronic invoices and make

payments electronically (Anumba and Ruikar, 2002).

2.3 .2 Electronic Commerce in Construction Purchasing

The uptake of EC in the Irish construction industry has been relatively limited and
ineffective as compared to other engineering sectors such as the automotive or aerospace
industry (Betts, 1989). There are several factors that have limited the uptake of EC in
construction, including the high cost of initial investment associated with building the
required infrastructure, training of personnel, quantifying the return on investment,
security of online transactions, integration with legacy systems and interoperability of
distributed software application over the Internet (Shaw, 2000). For most construction

projects, teams are formed for the duration of the project and these last only for as long as
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the project itself. This temporary nature of relationships in the industry provides little
incentive for investing innovative technologies such as EC.

Another major barrier to the implementation of EC in construction relates to the
investment justification for construction firms, especially Small to Medium sized
Enterprises (SMEs). Elliman and Orange (2000) stated that SMEs simply do not have the
capital needed to implement EC technologies to support their business and project
activities.

There are established technology tools used in everyday construction purchasing
processes, including fax machines, fax/modem cards, Intemet fax and e-mail. E-mail
allows users to transmit messages back and forth within an organisation and to external
parties. E-mail can be used to communicate with suppliers and, in some cases, is a means
for suppliers to access and respond to Requests for Proposals (RFPs). Voicemail is
another communication tool that can, if used properly, save time, providing accurate
information and improve communications between buyers and internal customers.

Some of the more important technologies that can support electronic purchasing in

construction are now discussed in some detail.

Automatic Identification Technologies

Automatic identification (auto-ID) technologies consist of a technology for automatically
gathering information and a computer database to manipulate the data. The system
includes a means to automatically identify, track and locate transaction items and enter
this information into a computer database. The technology is also known as Keyless Data
Technology. The keyless nature of the technology overcomes the need to re-enter
information contained in relevant documents (Finch et al., 1996). The most common
auto-ID technology is bar coding. Recent advances in Two Dimensional (2D)
symbologies now allow significant amounts of information to be stored within the bar
code label itself. Auto-ID technologies allow electronic readable information to be
attached to a variety of objects using bar coding.

Liou (1992) examined the benefits of using keyless data acquisition, describing the
technologies currently available for auto-ID, including bar codes, Optical Character

Recognition (OCR), RFID, hand wrnting recognition, magnetic strip and voice
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recognition. The technologies are used in situations, which require rapid and accurate
data entry into computer systems. A number of unique characteristics inherent in the
construction industry separate it from other manufacturing industries. These
characteristics generally support the argument for greater use of keyless data acquisition
methods by the construction industry (Coble and Kilbert, 1994).

Many people are familiar with the use of bar codes in retailing, where packages are
identified with a bar code system that has certain key information that triggers a computer
database to give price and quantity information. The database can contain location,
supplier, price and inventory data. Stukhart and Pearse (1989) and Shukhart and Cook
(1990) described how bar codes could assist in the automation of the construction
materials management process. They can be particularly useful in purchasing, in
receiving inbound materials and order generation. Benefits include quick and accurate
data entry and faster checking and clearing of deliveries.

One of the major obstacles preventing broad acceptance of bar codes in the
construction industry is the lack of industry standards. Construction industry standards
will not become a reality until major owners and contractors take the initiative to
establish action groups empowered to draft such standards and the industry becomes
aware of the benefits and possibilities of bar code use (Skukhart and Pearse, 1989).
Problems will arise with the implementation of bar codes because individual initiatives
led to “islands of automation”, meaning users within companies or industries cannot
connect across boundaries. Unless bar codes extend beyond simple applications, their
overall contribution to automation is significantly reduced (Stukhart and Cook, 1990).

In the UK some experimental applications of bar coding in the construction industry
have been reported by Baldwin et al., (1994), Finch et al., (1996) and Marsh and Finch
(1998). However, the experience in the UK has been limited to a number of organisations
and specific stages within the construction supply chain. There is minimal use of bar
codes among construction related companies but considerable interest exists in
developing bar code standards for materials management applications (Marsh and Finch,
1998).

RFID refers to a branch of automatic identification technologies in which radio

frequencies are used to capture and transmit data. RFID technology offers hands-free
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tracking of products, animals, equipment and personnel. A transpack is activated when it
comes within the range of a reading station. The data are stored in the memory of the
transponder and is transmitted to the reading station where the data are read and made
available to the user. Both range and reliability of the data are the key problems. This
technology is currently being referred to as “object-to-object” technology. Companies are
rapidly adopting this technology to reduce costs, enhance security, and help customers in
many industries. RFID technologies are still in their infancy; as they become more
sophisticated and widespread, they will begin to reshape companies, supply chains, even
entire industries (Ferguson, 2002). RFIDs or smart tags could well replace bar codes as
they provide an array of advantages over the use of bar codes, for example.

e Items do not have to be read one at a time. RFID tags communicate
wirelessly, where whole carts, cartons, or pallets of products can be read in an
instant.

e [tems do not have to be near the reader. A smart tag can be read at a distance
and without a clear line of sight.

e The technology does not require pristine conditions. Smart tags can withstand
temperature extremes and harsh treatment. They can be used even under
extremely adverse conditions, such as in an artic oil field.

e Far richer content can be carned. Bar codes carry relatively simple
information; a smart tag can carry extensive, specific information, giving each

item a unique identity and history.

An ICT carrier study led by the British Research Establishment (BRE) and part
funded by the DT, considered the uses of RFID in other industries and whether there was
potential to transfer the technologies to construction (CPA, 2002). It was found that it is
not easy to ascertain which RFID technologies will be adopted from the wide variety of
standards currently available. The BRE concluded that, in order for RFID to be widely
adopted within the construction industry, it must be thought of as part of an overall
system, working alongside existing methods and technologies. New systems must be
integrated smoothly within existing practices, making it important for barcode and RFID

technologies to become partners within a single ICT system.
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Handheld Computers

Handheld computers or devices are in widespread use in the US construction Industry.
Commonly referred to as Personal Digital Assistants (PDAs), they have gone through a
large-scale development process by multiple companies, starting in the 1980’s. Handheld
computers could be described as simple portable computers that can be operated with an
electronic pen or stylus (Newell, 1994). Although virtually all the major computer
manufacturers have developed a form of the pen computer, some have clearly
outdistanced others in the area of new, innovative technology. Leaders in computer
technology have formed associations with telecommunications companies.

As early as 1993, IBM and Bell South in the US launched the Simon computer. The
features of the Simon device include; handwriting recognition by use of a stylus;
keyboard; calculator; phone; wireless email; electronic address book and auto dialing;
calendar; bar code and pager. Alexander et al., (1997) concluded that the design of
integration into a handheld computer varied for each component, requiring continual
analysis of the compatibility of each component within the overall system design. These
components could include a digital camera, a General Package Radio Service (GPRS), an
inclinometer, digital compass, a bar code system, microprocessors, pen and touch
interfaces and construction software.

The integration of keyless data entry systems with pen computers provides another
technological leap forward in the speed and reliability of information being processed and
distributed (McCullouch and Gunn, 1993; Newell, 1994; Coble and Kilbert, 1994). Today
keyless data systems have enjoyed tremendous success in many sectors, including
supermarket checkout systems, postal delivery operations and law enforcement
documentation. Restaurants can now use touch computers for customers to order and pay
for their food. Phone calls are transmitted and customer assistance handled by voice
activated computers.

In conjunction with the use of bar codes, the pen computer can be utilised to record
information, greatly simplifying tedious estimating and project scheduling duties
(Alexander et al., 1997). The pen computer can also be used to reconcile daily job
production activities, accident reports and to provide field communications (Céble and

Kilbert 1994). In conjunction with a digital camera, the pen computer can be used to
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enhance the written word with visual support (Coble and Kilbert, 1994; Finch et al.,
1996).

Enterprise Resource Planning Software
ERP software attempts to integrate the business functions of an enterprise to create a

single software programme that runs off one database (Jimpsheng Shi and Halpin, 2003).
An ERP system has been defined by Fui-Hoon Nah et al., (2001) as ‘a package business
software that enables a company to manage the efficient and effective use of resources
(materials, human resources, finance etc.) by providing an integrated solution for an
organisation’s information processing needs.’

ERP has its origins in manufacturing and production planning systems (Fitzgerald,
1992). The early systems were created three decades ago with the advent of Materials
Requirement Planning (MRP), which primarily organised the storage and allocation of
materials production. Later the manufacturing industry expanded these organisational
efforts to include the allocation of production equipment and labour. The term ERP was
used when the production-orientated systems were integrated with purchasing, finance,
human resources and other front-office applications to enhance the management of all
business operations across the enterprise (Soliman et al., 2001).

In recent years, ERP systems have expanded to include functionality such as EC and
supply-chain systems (Hare, 1999). Today, an ERP system is more than traditional
software. It 1s the ICT backbone of the corporate infrastructure (Bechler, 1997). It
provides an integrated multifunctional, and multinational business management tool
(Thompson, 1996; Gibson and Holland, 1999; Tinham, 1999).

ERP removes the old stovepipe computer systems used in accounting, purchasing,
human resources and replaces them with a single, unified software programme. All
departments get their own software, except the software is linked together, so that
someone in accounts can integorate the purchasing software to see the details of a
purchase order. Most ERP software is flexible enough that one can install some modules
without buying the whole package (Soliman and Youseef, 1998). The implementation of

ERP systems in recent years has, so far, yielded more failures than successes in large
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construction organisations. A typical ERP system implementation can take one to three
years to complete and costs tens of thousands of euros (Voordijk el al., 2003).

Jimpsheng Shi and Halpin (2003) established the case for the development of a
Construction Enterprise Resource Planning (CERP) system. The expected benefits of the
CERP system promoted by Jimpsheng Shi and Halpin included information sharing,
improved transparency of management responsibilities and improved management
efficiency. The research carried out by Jimpsheng Shi and Halpin (2003), concludes that
current ERP software products cannot meet the needs of the construction industry, as the
software was primarily developed for the manufacturing industry. They advocate that the
basic features of a CERP system should be project oriented, integrated, open and
expandable, scalable, remotely accessible, transparent, reliable and robust.

The author will be proposing the adoption of all these features in the CERP system to
be adopted in the re-engineering model proposed in Chapter 8.

Electronic Data Interchange and eXtensible Mark-Up Language

With the growth of microcomputer usage in supply management in the 1980’s, an
exciting and challenging development was the capability of direct electronic transmission
of data and standard forms between a buying firm and its suppliers. This concept was
known as EDI. EDI is the electronic exchange of business documents (purchase orders,
invoices etc.) from one organisation’s computer to another in a standard format. The
advantage of EDI includes labour savings, elimination of communication time lag and
reduction in data entry errors. Some disadvantages of using EDI include the potential
high cost; limited accessibility; rigid requirements and the fact that EDI offers only basic
transactional information those computers can share but cannot accommodate any special
instructions.

EDI is the direct computer-to-computer exchange of standard format business
documents. This technology is generally credited with reducing purchasing and
accounting related costs, increasing purchasing professionalism, eliminating paperwork,
increasing purchasing lead times, reducing data transmission errors, and improving

materials management planning (CII, 1993). EDI has become the preferred way of
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compressing and transmitting data between a buying firm and its suppliers in many
sectors (Leenders et al., 2002).

EDI standards are developed and maintained by the Accredited Standards Committee
(ASC) X12 developed under the guidelines of the American National Standards Institute
(ANSI) of the US. The standards are designed to work across industries and company
boundaries. Specific EDI standards have been developed for the automobile,
transportation, grocery, and warehouse industries. The fragmented structure of the
construction industry has undoubtedly hampered adoption of EDI as a means of
electronically transferring information between parties within the construction process
(Gibson and Bell, 1990).

A more general and powerful electronic date exchange language called eXtensible
Mark-up Language (XML) has been developed in recent years. In general, XML allows
users to define different tags, in order to convey the meaning of the data. XML is a
derivative of Standard Generalised Mark-up Language (SGML). Many industries are also
familiar with Hypertext Mark-up Language (HTML), which is also derived from SGML.
XML replaced SGML, and made i1t more general purpose, actually removing some
complexity. XML 1is a mark-up language for documents containing structured
information. Structured information contains both content (words, pictures, etc.) and
some indication of what role that content plays. It uses identifying tags that allow
information exchange without having to reformat the data for retrieval and viewing. A

comparison of XML against EDI is shown in Table 2.1.

EDI XML

Optimised for: Compressed messages Easy display and
programming

Requires Dedicated EDI server Web server

Server cost $10,000 to $100,000 $5,000

Uses Value Added Network Existing Intemet connection

Message format Months to master Learned in hours n

Requires C-++ programmes JavaScript, Visual basic,
Python or Perl script writers

Readable by: Machine Human and machine

Table 2.1. Comparison of EDI and XML (Cheng et al., 2002)
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EDI uses a fixed file format. It employs a field de-limiter to separate the individual
data elements, which are identified by their position in the file structure. The field
structure 1s, therefore, rigid and the information contained cannot be displayed. It can
only be read into a computers’ database. This is acceptable if both the sender and receiver
have matching systems but very limited otherwise. XML on the other hand can be
displayed in a web-browser as a document. The data transmitted can be identified and
retrieved into a database application. Furthermore, it is extensible. This means that,
because each element of data is separately identified, all of the elements do not have to be
present in the message, only the elements that are required by the message definition, the
XML schema.

The lack of a common data exchange standard in the UK construction industry
increases the implementation costs (Cole, 2004). According to Whittle (2002), there are
over 2000 XML standards for an invoice alone.

The barriers to the effective use of EC can be overcome if the infrastructure for EC
use 1s created properly. Securty issues can be handled through firewalls and secure
encryption technologies. Currently most of the communication, both within and outside
construction businesses, takes place, by exchanging emails. Most of the email messages
are routed between the Internet service providers over public telephone networks and,
therefore, are no more secure than a conventional telephone call. Customer confidence
can be addressed with the help of secure trading standards and updated consumer laws

(Anumba and Ruikar, 2002), and more recently, encryption.

Electronic Catalogues

Stanoevska-Slabeva and Schmid (2000) defined Intemet-based eCatalogues as an
interactive multimedia interface between buyers and sellers on the Intemet, which
support product representation, search and classification and have interfaces to other
market services such as negotiation, ordering and payment. Kong et al., (2001), saw
eCatalogues as an interactive front-end interface that provides classified and structured
product information, and supports product searching, comparison and evaluation, with the

capability of linkages with other EC services such as biding, ordering and payment.
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Major vendors have begun putting their product catalogues online, where buyers can
conduct their procurement process directly through the web. Web-based eCatalogues
have fundamentally changing B2B procurement (Shaw 2000). Physical catalogues are too
cumbersome to use and can quickly become out-of-date. CD-Rom catalogues, albeit easy
to handle and store, also become dated very quickly. Web-based electronic catalogues
allow for more effective interaction between the supplier and the buyer, alleviating the
need for physical storage and making continuous updating effective and efficient.

eCatalogues are becoming the gateway to EC on the Intemet. Most of the research
and applications to-date have centred on supplier-based catalogues (Kong et al, 2001;
Coetzee and Boshoff, 1998). An eCatalogue is generally used by individuals or
organisations to present the items available for sale in a more timely and effective manner
than possible using a physical catalogue. Alternative terms used for the eCatalogue
concept are storefronts, web-stores, web-catalogues and Intemet-catalogues. Suppliers
and buyers are recognising that electronic catalogues are a new means of assessing both
old and new markets (Wyckoff, 1997, May, 1997).

Kong et al., (2004) and Kong et al., (2005) have developed XML schemas to enable
information sharing between EC systems for construction material procurement. The
researchers developed a system known as ‘E-Union, which employs a centralised single
access product searching model. In this model, the E-Union member can keep his or her
own database structure of product information. This product demonstrated the feasibility

of providing interoperable construction product catalogues.

E-Procurement Models

Web-based procurement systems create electronic links between suppliers and buyers
(Kemerer, 1998: Sirinivasan et al, 1994, Wang and Seidmann, 1995). Shaw (2000)
described how these links could be organised in different ways. As shown in Figure 2.7,
buyers and suppliers can either form direct connections (a) without an intermediary, (b)
with intermediaries, or (c¢) acquire the goods through Electronic Markets (eMarkets)
(Strader and Shaw, 1997). Current EDI systems are mostly implemented through (a) and
(b) through Value Added Networks (VAN’s) or private lines. eMarkets (c) enable buyers

to check online catalogues of a pool of suppliers and then submit purchase orders
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electronically. Shaw (2000) advocates that web-based systems tend to be more market

orientated, which will translate into lower costs.

Buyers Suppliers Suppliers Buyers
(a) Without intermediation (b) Intermediaries
Suppliers Buyers
Electronic
Market

(c) Electronic Market

Figure 2.7. Three types of buyer-supplier communication structure (Shaw, 2000)

eMarkets can occur under several circumstances, but in general this model brings
together multiple suppliers and buyers to one common website hosted by a third party.
Suppliers can either upload their eCatalogues to the market site and receive order
notification in the manner of their choosing (e.g. email and fax), or the eMarket can
contain a link that enables a buyer to punch-out to the supplier’s own website.

The development of EC models in construction is a fast-moving business. Due to the
mix of technologies and standards, EC has become one of the most complex areas in the

information systems business world. The concept of a hub/eMarket has been around for
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some time but there have been very few ‘commercial’ hubs that have survived in recent
years. The biggest problem is the cost of setting up the ‘hub’ and the ongoing costs.
Organisations like CommerceOne and Ariba were selling this concept and charging very
large fees. Many of these early hubs were set up by commercial ventures — groups of
buyers coming together — and then trying to force their suppliers to trade electronically
through the hub — expecting an improved level of discount and sometimes paying
transaction charges.

There is great deal of work in linking the hub to allow it to integrate directly with the
back-office system — especially for the suppliers who were often expected to supply a
catalogue of their products in a proprietary electronic format. There have been several
attempts in the UK construction industry to set up these hubs — Construction Industry
Software Solutions (COINS), Ramsey Exchange, ebuildTM, VHCOMETM and
Persimmon. The UK Government Office of Commerce (GOC), at the time of writing this
thesis, 1s attempting to set up its own hub, at its own cost. Whilst these hubs offer
tremendous benefit to the buyers, they have few advantages to the suppliers. The GOC
project, called Zanzibar, will be free to users and will go live in November 2005. The
author is of the opinion that, without the buyer’s buy-in, they are unlikely to succeed, as it

has to be a win-win situation for all parties, for it to work effectively.

2.3.3 Examples of Electronic Commerce Models in Construction

Coetzee and Boshoff (1998) described how the South African construction industry was
developing a product called eZbuild in collaboration with IT companies and the major
banks. eZbuild consists of a core building product library, tender management and bill of
materials systems, integrated with an Intemet enabled ordering and payment gateway.
eZbuild gives contracting companies access to building material suppliers, via the
Internet, from a compiled bill of materials. The core information element of the eZbuild
procurement process is the bill of quantities. The construction site can request delivery of
items from the electronic shopping mall, through an Intemet browser. The electronic
shopping mall generates an electronic order. The order is forwarded to the supplier by

means of a structured email, who then delivers the material to the site. Acceptance of
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materials delivered to site 1s communicated back into the project server against items
ordered. This immediately makes the information available for cost control purposes at
head office. The supplier confirms delivery of items on the construction site by emailing
the information back to the electronic shopping mall. The electronic shopping mall
generates an invoice. The invoice is forwarded to head office by means of a structured
email. Head office downloads information from the electronic shopping mall into their
accounting system. Payment can be effected by instructing the electronic shopping mall
to transfer funds from the contractor’s bank account to that of the supplier.

Kong et al,, (2001) presented an eProcurement system that was being adopted in
China. The system was called Construction Materials Exchange (COME). The system
adopts an on-line delivery model of operation. It is a trading model based on the eMarket
model, which enables buyers and suppliers to execute EC. Currently the professional
version of the EC system has over 2,000 buyers, 29,000 suppliers and 1,000 agents
registered in the COME system. The system contains over 2,000 construction materials
classified into 17 categories with a maximum of 4 levels of information. With this
structure, the search for product information commences at a general level. If more
specific information is required, then the searching process led to the next level of
information. A General Package Radio Service (GPRS) system is provided to assist the
search of material information in specific geographic regions of China. By using GPRS,
the buyers define the searching areas by selecting the cities on the map or by specifying a
circular area with a given central point and its radius. The system will then find all
suitable material information within an area with associated costs for transporting the
material and/or products from the suppliers to the buyers. The continued commercial
existence of COME was confirmed by Li et al, (2003), in their paper on GPRS
technology for EC applications in construction.

In 2002, the CII carried out a comprehensive study of EC applications in the US
construction industry (CII, 2002a). Their findings showed that there were four main types
of EC models being deployed in the US construction industry at that time, namely:
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e E-mail communication — simple replacement of the passage of paper with the
use of an electronic format of the same documents, coupled with an audit trail
of communications.

e Basic supplier-focused Electronic Procurement (eProcurement) for catalogue
items — using the services of suppliers who make their catalogues available
online.

e Buyer/supplier integration using common eProcurement packages — in this
situation there was an intimate connection between the buyer and the supplier
that 1s often accomplished through the use of the same software package and,
perhaps, service provider.

e eMarkets hosted by third parties — though this was a model that many thought
would dominate, many of these approaches have failled as participants,
especially suppliers, decided they did not need a middle entity between them
and their customers (CII, 2002a).

The CII study concluded that many organisations did not know what issues to
consider. The researchers found that EC was much more a people and culture effort and
less of a technology or process effort. They further concluded that owners were leading
the implementation of eProcurement models, with the greatest successes occurring with
Maintenance Repair Operation (MRO) and commodity-type items.

Ruikar et al, (2003) suggested that re-engineering of the construction business
process through EC could be facilitated through the use of the ‘Information Channel’ (IC)
developed by BIW Technologies in the UK. The IC is an online project collaboration tool
where building industry participants can collaborate with their partner and clients using
Web technologies. According to Ruikar et al., (2003), with the help of the IC, the entire
construction supply chain can communicate and archive information (records of what was
done, when, by whom etc.) throughout the lifecycle of the construction project.
Following a detailed review of this research work, the author is of the opinion that this
work 1s wholly impractical and would not achieve a re-engineering of construction

business processes.
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Perera and Karunasena (2004) developed a Construction Materials Management
System (CMMS) to overcome the drawbacks associated with materials management in
Colombo, Sri Lanka. The CMMS product has five modules, that is, materals requisition,
purchase, delivery, reports, and system maintenance. CMMS was developed by three
very large Sri Lankan contractors, in order to ensure its ability to address their material
management needs.

An interesting, but impractical approach, in the authors’ opinion, is the concept of an
Electronic Purchasing Agent (EPA), as advocated by Hadikusumo et al., (2004). In most
of these B2B portals, suppliers have to key-in their matenial data and price into the portal
database. Contractors accessing the system have to browse the portal to retrieve supplier
and material information. In terms of reliability, if a supplier failed to update their
product data in a B2B portal database, the contractor will not receive the most up-to-date
information. In order to solve this problem, Hadikusumo et al. suggest a proactive means
of electronic purchasing, where a supplier has to maintain its own servers that store
material data, and the contractors buyers visit the suppliers database for retrieving the
necessary information. The EPA was developed adopting this rationale but has not been

commercialised.

234 Importance of Supply Chain Management in realising eCommerce In

Construction

The term supply chain refers to “the links between a firm and its supplier, through to its
distribution organisation and on to its customers” (Moore, 1998). In other words, a supply
chain is a buyer-supplier relationship (Patterson et al., 1999). In a construction context, a
supply chain refers to the linkages of those parties participating in a construction project,
since they are all involved in the supply of resources. Cox (1990) and New (1997) have
suggested that supply chain research in construction should focus on the development of
interactive inter-organisational relations such as partnering. The construction industry is
fragmented and adversarial in nature, which led to poor communication and inefficient
information practices that have contributed to the emergence of dysfunctional supply

chains (Love et al., 1999). Loraine (1994) advocated a network structure of organisational
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relations as is found in the concept of partnering. Figure 2.8 illustrates two simplified

structures adopted in the construction supply chain.

Note:

(a) 1s a traditional vertical structure. The client or the developer of the construction project leads the whole project in these
hierarchical work relationships.

(b) 1s a network structure. All parties are sharing their resources or competencies in the construction network. This seems to be
a value-added component to the traditional contracting structure.

Figure 2.8. Two simplified structures of construction supply chain
(Cheng et al., 2002)

Structure (b) differentiates itself from the traditional vertical relationship shown in (a)
in Figure 2.8, as it encourages responsiveness, cohesiveness, flexibility, inter-operability
and compatibility (Cheng et al., 2002). ICT has a pivotal role to play in improving
communication and coordination in construction by acting as an enabler of change (Love,
1996). ICT can be used to support e-business between organisations in the construction
supply chain.

Supply chain processes and relationships increasingly are designed to exploit changes
in technology. Changing supply chain processes have evolved from classic paper-based
systems and documents, towards re-engineered processes that involve electronic capture
and transmission of less document information. Supply chain relationships have evolved
from loosely coupled relationships into virtual organisations, coupled with integrated
ERP systems (Broens et al., 1999).

Atkin et al.,, (1995) researched into improving supply chain management in the UK
construction industry. Particular recommendations were the utilisation of an electronic
communications infrastructure, shared project planning information direct from project
planning packages and electronic processing of orders and payments within supply chain
relationship frameworks. Atkin concluded that the supply chain relationship frameworks

would be the essential element to enable parties to a construction contract to trade
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electronically. This form of work has found success in other industries, particularly
automotive manufacturing (Womack et al., 1991).

In focusing upon the construction industry, Grilo et al. (1996) found that the main
reason for the lack of electronic trading relationships is the unwillingness of either party
to invest in a technological infrastructure that is characterised by the inherent rnisk of
managing a supply relationship within an unclear legal framework. The litigious nature of
the construction industry provides a strong barrier to electronic trading. The trading
power of large buyers has been a method by which other industries have forced electronic
trading onto suppliers (Atkin et al., 1995). Despite the inherent difficulties of trading
electronically within the context of the UK construction industry, there are examples of
contractors forming partnering relationships that rely on electronic trading (Nunn, 1995).
The commercial issue of using ICT to manage suppliers has been well addressed in other
industries. Hammer and Champy (1993) described how the Ford Motor Company had
dispensed with invoices and rationalised its supplier and inventory management
processes utilising the leverage of ICT.

Due to the rapid changes in construction, the relationship between ICT and SCM now
appears to be so close that it has even become difficult to establish whether ICT i1s a
driving force or is simply an enabling technology. Hanfield and Nichols (1992) suggest
that ICT tools should not be used in a vacuum. They must be integrated into a system that
brings customers, suppliers and all activities in the supply chain together. The central
concemn to the individual supply chain member, from an ICT perspective, is the design
systems that facilitate open and rapid communication and information sharing across the
supply chain. Once a supply-chain wide connection has been established, steps should be
taken to (1) eliminate the need to re-enter information at each step of the order
processing, (2) more closely integrate supply chain partners by providing them with real
time status information and (3) connect the organisation more effectively into the larger
EC community. Establishing integrated supply chains that provide end customers and
supply chain member organisations with the materials required, in the proper quantities,
in the desired location, at the right time and at the lowest possible cost lies at the very

heart of SCM (Handfield and Nichols, 1992).
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O’Leary (2000) described how supply chain processes and relationships are
increasingly designed to exploit changes from classic paper-based systems and
documents, towards re-engineering processes that involve electronic capture and
transmission of less documentation. Classic communication between supplier and buyer
involves mainly paper-based systems. O’Leary (2000) contends that, increasingly, those
paper-based processes are being replaced using EDI. Millman (1998) estimated that the
cost of processing a paper-based purchase order was $70, whereas the same transaction

performed through EDI would cost less than $1 per purchase order.

24 THE USE OF ICT IN ACHIEVING BUSINESS PROCESS RE-
ENGINEERING

ICT should enable a firm to become more efficient and effective. In many instances,
anticipated benefits fail to materialise until many years after a firm introduces a new ICT
application (Alserhan and Brannick, 2003). ICT investments must be accompanied by
careful re-engineering of organisation processes, in order to obtain many of the
anticipated benefits of the investment. Yet, time and time again, organisations fail to
redesign and restructure their business in ways that best utilise these new resources (Tam,
1798). Effective implementation of ICT depends on the organisation’s vision of change,
so a distinction should be made between the automation and the information roles of ICT.
Automating means applying technology, in order to minimise human intervention.
Reducing this intervention in production and administration will cut costs and increase
fexibility (Davis, 1992).

Technology is a tool that can improve efficiency and effectiveness when applied
apropriately to a process. Therefore, the decision maker must carefully assess the
process to determine when and where the application of technology is most appropriate
aad what technology should be selected. If the process itself 1s flawed then a process
inprovement programme must be undertaken before the process is automated.

Hammer (1990) concluded that it is not enough to simply impose isolated software
rackages or systems to address a perceived inefficiency, as this will not result in

sgnificant and radical improvements in the business process. In order to achieve this, the
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current processes, problems and opportunities for re-engineering must be fully
understood and this re-engineering must be founded on a complete reappraisal and re-

design of the entire purchasing process from sourcing to final payment of suppliers.

2.4.1 Principles of Business Process Re-Engineering (BPR)

BPR represents an effort to redesign and re-organise a managerial or operational process,
in order for an organisation to obtain dramatic improvement in performance and
competitiveness (Hammer and Champy, 1993). In their book ’Re-Engineering the
Corporation’, Michael Hammer and James Champy defined “Re-Engineering” as “the
fundamental rethinking and radical redesign of business processes to achieve dramatic
improvements in critical contemporary measures of performance, such as cost, quality,
service and speed.” They further described BPR as a holistic process that led to a
complete organisational transformation and stabilisation.

As described earlier, an organisation's business processes are the activities that use
various kinds of inputs to create an output of value to the customer. An organisation
operates numerous business processes to attain its goals. In the process of BPR, an
organisation fundamentally rethinks and radically redesigns its business processes to
achieve dramatic improvements in measures of performance such as quality, cost, speed
and services.

The implementation of BPR involves many concepts, some of which have been
known for several decades, but they were formalised only in the late 1980s and early
1990s when the term "BPR" was coined. When BPR was first implemented, it usually
involved a significant break with past business rules and practices - almost requiring an
organisation to start over from scratch.

This extreme view of BPR has modified somewhat. It is no longer considered
necessary to destroy everything and start anew. Instead, BPR is viewed as a flexible
approach that can be executed by proven methodologies and principles (Harrington, 1991

and Betts et al., 1991).
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2.4.2 The Enabling Role of ICT in achieving BPR

ICT has been used for several decades to improve productivity and quality by automating
existing processes. Hammer and Champy (1993) described how Ford Motor Co.’s
accounts-receivable department brought about a reduction from 400 people to 125. This
was a quantum change — not an incremental or minor process improvement. The case
study illustrates how ICT helped to redesign a process to result in dramatic cost
reduction. As part of its productivity improvement efforts, Ford management thought that
by streamlining processes and installing new computer systems, it could reduce the head
count of its accounts payable department by some 20 percent, to 400 people. But after
visiting Mazda's payables department (part owned by Ford), Ford managers increased

their goal to an accounts payable process with only 125 clerks.

500 125
Old Process Employeces New Process Employees
Purchase Order Purchase Order
Purchasing ] > Supplier Purchasing »| Supplier
— N e I e

Goods

Goods

Ford receiving

— |, Ford receiving

Copy of Receiving
purchase document
order Invoice Accounts

_ pavable

—»| Accounts pavable [

Payvment

Payment

Figure 2.9. Ford motor company purchase process (Hammer and Champy, 1993)

The re-engineered process, illustrated in Figure 2.9 involved the purchasing
department initiating an order and entering the information into an online database.
Analysis of the existing system revealed that when the purchasing department wrote a
purchase order, it sent a copy to Accounts Payable. Later, when Matenals Control
received the goods, it sent a copy of the receiving document to Accounts Payable.
Meanwhile the vendor also sent an invoice to Accounts Payable. If the purchase order,

receiving document and invoiced matched, then Accounts Payable issued a payment.
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Unfortunately, the department spent most of its time on the many mismatches. To prevent
them, Ford instituted "invoiceless processing".

Ford did not send a copy of the purchase order to anyone. The vendor receives
notification through EDI. When the goods arrived at the receiving dock, the clerk checks
the database to see whether the goods corresponded to an outstanding purchase order. If
so, the clerk accepted them and entered the transaction into the computer system (if there
was no database entry for the received goods, or if there was a mismatch, the clerk
returned the goods).

Under the old procedures, the accounting department had to match 14 data items
among the receipt record, the purchase order, and the invoice before it could issue
payment to the vendor. The new process requires matching only four items - part number,
amount, unit of measure, and supplier code - between the purchase order and the receipt
record. This matching was done automatically and the computer printed the cheque,
which Accounts Payable sent to the vendor (or an electronic transfer is done). There were

no invoices in the system as Ford asked its vendors not to send them.

2.4.3 Re-Engineering Construction Processes

It is possible to assign two meanings to the expression “re-engineering construction”. The
first 1s exemplified by sources such as Betts and Wood-Harper (1994), McGeorge and
Palmer (1997) and Mohamed (1997). The concem is how to apply Hammer and
Champy’s (1993) recipe of BPR to the construction industry. The overriding assumption,
according to Green et al, (2004), is that BPR has already been successful in other sectors,
that are supposedly more advanced in terms of management thinking. The challenge is
how to apply the proven technique of BPR to a fragmented and project-based
construction industry.

There are a number of difficulties with this approach. First BPR defies universal
definition. The terminology i1s vague and imprecise, such that it is impossible to
distinguish BPR from other management improvement recipes (Jones, 1995). Empirical
work by De Cock and Hipkin (1997) compared the implementation of BPR with Total
Quality Management (TQM), concluding that the concepts can only really be
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distinguished in terms of the rhetoric in which they are presented. Despite such problems
about lack of definition, BPR has eamned a reputation for its “slash and burn” approach
(Buchanan, 2000). An extensive literature review in the area of BPR associates BPR with
regressive approaches to human resource management (Grey and Mitev, 1995; Grint and
Willcocks, 1995; Willmott, 1995; Mumford and Hendricks, 1996). According to Green et
al, (2004), the only aspect to BPR that remains consistent i1s the quest to secure greater
output from fewer employees.

The second interpretation of “construction re-engineering” owes no specific
allegiance to Hammer and Champy (1993), but to more modem labels that embrace
compatible managerial ideas, such as lean construction, supply chain management and
partnering. The Egan Report (Egan, 1998) defined lean construction as “a powerful and
coherent synthesis of the most effective techniques for eliminating waste and delivering
significant sustained improvements in efficiency and quality”. Green et al., (2004)
suggest that lean construction and BPR share the same characternistics, as they are both

rooted in the same 1deological discourse.

2.4 4 Steps for BPR

L1 (1996) suggested a methodology for implementing re-engineering in construction,
which involved four essential steps. Figure 2.10 illustrates that each step involves an
experimental loop in the progression of problem solving. The experimental loop typically

includes formulating prototypes; testing prototypes and discarding them before solutions

take shape.
Step 1 Z Z Step 2 t Z Step 3 r Z Step 4 { Z
Set goals to be Analyse Select some Implement the
achieved in the b existing »| aspects of the _| redesigned
re-engineering process and its existing 7| process, and
effort operational process and evaluate the
boundaries redesign them performance

Figure 2.10. Re-engineering process (L1, 1996)
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Step 1. Set goals for re-engineering
It 1s important that the re-engineering team set clear and measurable objectives at the

outset of the re-engineering process.

Step 2 — Analyse existing process and its operational boundaries
In analysing the existing process, focus should be directed to understanding the problems

and inefficiencies that exist within the current business process.

Step 3 — Select aspects of the existing process to redesign

Re-engineering the entire process is not a practicable suggestion. It is recommended that
some sub-processes are identified and creative solutions sought to resolve the problem
areas (De Pena and Fisher, 1994). Particularly non-value added activities and activities

that consume large amounts of time should be highlighted for re-engineering.

Step 4 — Implement and evaluate the new process

Implementation translates creative solutions into a new construction process. It is
important that the new process is piloted for a period of time. Results from the new
process should be collected and the evaluation results will indicate whether the re-
engineering goals are achieved. It may be necessary to go back to Step 3 to redesign the

selected re-engineering aspects.

2.4.5 Re-Engineering the Purchasing Process in Construction

The need for the construction industry to adopt innovative ideas and methodologies in its
operation has been emphasised in several initiatives and govemment reports, such as the
the Egan report (Egan, 1998), Latham report (Latham, 1994), etc. However according to
recent research, there is a lack of defined or clear objectives within the industry regarding
EC adoption (Ruikar et al., 2001). In order to take on board new technologies and avail of
the benefits technologies like EC can offer, it can sometimes become essential to re-

engineer the current business processes (Ruikar et al., 2003).
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O’Leary (2000) identified a number of ideas that could be applied to the purchasing
process in the manufacturing industry to assist in speeding up transactions and improving

the quality of the information, including: -

e EDI to facilitate speed and quality of information interchange;

e gathering information directly from the source, rather than have one accountant
talk to another;

e elimination of invoices, saving administrative work;

e using bar-coded labels to help eliminate invoices and facilitate improved quality
of information;

e automating the matching of goods ordered and received,;

e developing different payment triggers, such as paying for inventory when
received or used;

e interfacing with ERP software to facilitate inter-organisational interchange, and

e developing virtual organisations through integration of their supply chains.

O’Leary (2000) suggests that the origination of purchase orders can be re-engineered
by directly nputting information into an electronic form rather than cascading through
paper and then into an electronic format. He suggests that in some situations the supplier
may better understand the consumer needs and thus be in a better position to write the
purchase order and choose how much should be ordered. O’Leary advocated that
recelving a memoranda can be accompanied by bar code tags, originating from the
vendor, containing information as to who shipped the goods, what goods are contained in
the shipment, how much was shipped, etc. These tags could in tum be scanned with the
result that the bar coded information is then directly captured in an electronic format.

O’Leary also radically suggested that the process would be better served with the
elimination of the invoice. Invoices differ from the purchase order and receiving
memorandum (both generated internally), because they provide extemal evidence of the
purchase. As a result, one of the primary forces for keeping invoices is concerned with
classic internal controls, such as the intemal or external auditor. In some countries the

concern for control afforded by invoices is embedded in the law. For example, Belgium,
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requires that all invoices be issued for purchases. O’Leary argues that, the more invoices
there are to process, the more errors on the invoices and the more errors in the matching.
Generating and processing invoices has a large administrative cost, typically measured on
a per invoice basis.

Hammer (1990) explained that in the case of the Ford Motor Company, invoices were
not needed if all other systems work as they are supposed to. If the supplier sends what is
on the purchase order, then the purchase order and the received quantities should be the
same. Also if the goods are accompanied by a bar coded summary of the goods, then that
information can substitute as an invoice.

O’Leary further examined how to re-engineer the matching of the purchase order,
delivery docket and the invoice. O’Leary suggested that re-engineering the matching
process has taken two directions. First, the matching process i1s designed to use
electronic-based information, such as direct entering of information from purchasing,
scanning received information and using EDI to communicate invoice information.
Second, the number of items being matched has been reduced at firms such as Ford
(Hammer, 1990). Rather than matching the purchase order, the receiving memorandum
and the invoice. O’Leary suggested that only the first two are matched, as the information

on the invoice should be redundant.

2.5 CONCLUSION

It 1s clear that a great deal of inefficiency exists in the mainly paper-based purchasing
process deployed predominantly in the construction industry. Currently at each stage of
the procurement process there are discrete activities to be carried out that typically
involving the creation of various printed documents, faxing, photocopying, scanning,
posting and re-keying of information into computer databases, by both contractors and
suppliers, all of which can be supported by ICT (Kong et al., 2001). The key causes of
this inefficiency include, a fragmented industry, the temporary nature of construction, the
uniqueness of construction and a dependence on a single-project model. This has led to
poor communication and inefficient information practices that have contributed to the

emergence of dysfunctional supply chains (Love et al., 1999).
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Atkin et al., (1995) and Grilo et al,, (1996) found that the reason for the lack of
electronic trading relationships in construction lies in the unwillingness of either party to
invest in a technological infrastructure that is characterised by the inherent risk of
managing a supply relationship within an unclear legal framework

Improved productivity levels and greater efficiency are possible by the use of an
integrated ICT EC solution. There are an array of appropriate technologies, data
exchange standards and altemative EC models currently available to support the
sourcing, ordering, receiving and payment of materials in the construction industry. Hore
and West (2005b) provided examples of EC models currently being adopted in South
Africa (Coetzee and Boshoff, 1998) and in China (Kong et al, 2001). The CII 2002 study
into the State-of-Art of EC in the US construction revealed that many US construction
organisations did not know what issues to consider (CII, 2002a). Research found that EC
was much more a people and culture issue and not so much of an ICT or process issue.
They further concluded that private owners were leading the implementation of
eProcurement models, with the greater successes with MRO or commodity type products.

More recent research by Ruiker et al., (2003), Perera and Karunasena (2004) and
Hadikusumo et al., (2004), suggest that the focus i1s on incremental improvement rather
than re-engineering. Supply chain processes and relationships increasingly are designed
to exploit changes in technology. Changing supply chain processes have evolved from
classic paper-based systems and documents, towards re-engineered processes that involve
electronic capture and transmission of less document information (Broens et al., 1999).

The author contends that the industry in Ireland is in strong need of a re-engineered
solution, enabling an electronic three-way match of the purchase order, delivery docket
and invoice data, thus causing a dramatic improvement in both productivity and overall

administration costs. Chapter 8 will seek to present this re-engineered solution.
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3.1 INTRODUCTION

This Chapter concentrates on an independent observation study carried out in 2002, on
the relative weaknesses of the material purchasing procedures adopted in a large Irish
contracting organisation. Data was gathered from quality manuals, interviews and by
direct observation of the procedures over a defined period. The study confirms and
quantifies the current inefficiencies within the traditional purchasing procedures adopted
in construction and concludes that there is a business case for re-engineering the
purchasing procedures in the company observed and by inference, in other similar

organisations.

3.1.1 Purpose of Study

The purpose of this study was to observe the weaknesses present in the administration
and management systems used for the ordering, receipt and payment of building
materials. The principal research problem was to advance an understanding of the
practical issues that faced personnel in the administration of purchasing procedures in a
large contracting organisation.

This study did not seek to measure the cost and time associated with the traditional
purchasing procedure. The observation study results simply sought to identify the
problems experienced with traditional paper-based purchasing procedures adopted in

contracting organisations.
3.1.2 Methodology
The methodology adopted in this study broadly involved four core stages :
e Stage | — Reading company literature on material purchasing procedures.

Documentation consulted included reference to the company quality manual,

which was explicit in regards to company procedures.
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e Stage 2 — Interviewing of key staff. This involved carrying out interviews with
personnel from purchasing, accounts and a selection of site staff. The purposes of
these interviews was primarily to identify the perceived weakness of the matenal
purchasing function.

e Stage 3 — Selection of a suitable case study project. A case study project was
selected following advice from the eastern regional purchasing manager.

e Stage 4 — Identification and monitoring of particular supplier transactions for a
defined period. Three suppliers were selected to reflect a range of material types,

namely: -

e Supplier A — Supplier of specialist concrete fixing products.
e Supplier B — Supplier of ready mix concrete.

e Supplier C — Supplier of general building materials.

The selection of alternative supplier types ensured that the study would involve
observing of both single product and bulk product type transactions. Supplier transactions

over a three-month period were monitored from initial requisition to final payment.

3.2 OBSERVED PURCHASING PROCEDURES

3.2.1 Overview of Company Organisation

The company observed was one of the largest building contracting firms in the Republic
of Ireland, with offices in Cork, Dublin, Galway, Sligo, Limerick and Waterford, as well
as having substantial overseas involvement. The company operated a centralised
purchasing procedure in their eastern and westemn regions and a de-centralised purchasing

procedure in the southem regional office.

The management structure of the observed company is shown in Figure 3.1.
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Figure 3.1. Company organisation

3.2.2 Company Quality Procedures

The company possessed a quality manual, which described the organisation, delegation of
responsibility, and procedures, which were followed, in order to achieve the company’s
objectives.! Directors and project managers were required to establish and maintain
standing instructions and procedures to ensure that the work for which they were

responsible meets the requirements of BS EN ISO 9002:1994.

3.2.3 Overview of Purchasing Procedures

The purchasing function was identified as a separate operation under Section 5.0 of the
approved quality manual. Each region had a separate purchasing unit, with little or no
linkage. This was confirmed in the quality manual with the inclusion of altemmative
procedures for purchasing materials generally and purchasing materials in the southern

region. In effect, the eastern and western regions had an office based purchasing function,

' The corporate objective was stated in the Quality Manual as * To achieve continued profitability through
construction activities which conform to customers specified requirements”.
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whilst the southern region had a site based purchasing procedure. The main reasoning for
this divergence was established practices within these particular operating regions over

many years.

3.2.4 Purchase Order Procedures

In the eastem region the purchasing department consisted of three full time staff, which
included one senior buyer. All three staff shared the daily workload, however, the senior
buyer had overall responsibility for the department. The typical daily workload of the
staff included negotiating price listings with suppliers, checking all material requisitions,
issuing purchase orders, sourcing new suppliers and prices, updating suppliers price lists

and filing material requisitions and purchase orders.

The process for raising a purchase order is shown in Table 3.1. The quantity surveyor
was responsible for preparing a matenals schedule (standard form) within one month of
the contract start. It was necessary for the quantity surveyor to update the schedule if
there were substantial amendments to the contract documentation. The quantity surveyor
normally requisitioned major orders for nominated suppliers e.g sanitary ware,
ironmongery etc., ready mix concrete and cut and bent reinforcement. The procedure

provided for major material orders and verbal orders included:-

e Material requisitions and formal purchase orders - The project team, in
consultation with the estimator, identified the material requirements at the start of
the contract. The project team prepared the material requisition (standard form).
Upon receipt of the matenal requisition the purchasing department prepared a

formal purchase order.

e Verbal orders — Verbal orders could only be placed by persons authorised by the
contract manager. A material requisition was prepared as soon as possible after

placing the verbal order.

Material requisitions were normally faxed to the purchasing department. The
purchasing department in turn checked the requisition for the correct authority level,

correct completion; compliance with verbal orders and entries in the “remarks” column.
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On completion of the checking process the purchasing department would obtain prices
either by obtaining quotations or using the most up-to-date paper copy price list. The
purchasing department would progress to check the quotation (when obtained) against the
information on the matenal requisition for the correct description of the matenal; date

required on site and quantity required. The process would conclude with the selection of a

suitable supplier and the preparation and issuing of a purchase order.

Eastern and Western Regions

|

Southern Region

Purpose To control the purchasing of material so as to ensure that suppliers have
a clear understanding of Company requirements.
Scope This procedure applies to contract | This procedure applies to the
related materials in Eastern and | Southern Region.
M Western Regions. ook K% ]
Users Quantity Surveyor Quantity Surveyor

Contract Team
Purchasing Department

Contract Team
Office Clerk

Documentation

Materials Schedule
Purchase Order
Site Material Requisition

Materials Schedule
Purchase Order

Site Material Requisition
Site Order Book

Outline
Procedure for
Main Contracts

Material Schedule by
Quantity Surveyor

Material Schedule by
Quantity Surveyor

Contract team issues Material
Requisitions to Purchasing
Department
v

Purchasing Department issues
Purchase Order

v v
Agreed by Contract Team Agreed by Contract Team
v v

Contract team issues Material
Requisitions to Quantity
Surveyor/Office Clerk

v

Quantity Surveyors issues
Purchase Order

Table 3.1. Eastern Region purchase order procedures

Site copies of purchase orders were either collected or posted weekly and copies of

purchase orders were forwarded to accounts weekly. The purchasing department retained

* Approximately eighty percent of all purchase orders were posted to the suppliers with 20% faxed directly
to the supplier depending on the urgency of the delivery.
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copies of purchase orders and cross-referenced material requisitions with purchase orders.

Unlike the eastern and westem regions the southem region used a site order book facility.

3.2.5 Receiving Materials

The site agent assigned personnel named in the project quality plan to receive and check
materials on arrival at site. These assigned persons checked material on receipt against
the delivery documents. The assigned person recorded acceptable material received on-
site on Goods Received Notes (GRNs) and attached the supplier’s delivery dockets to this
form. The matenal returns were sent to the accounts department weekly and site retained
the top copy on site.

Where the material on receipt had been found on inspection to be unacceptable the
assigned persons notified the site agent. The site agent notified the contracts manager
who raised a site non-conformance report form. In turn, site retumed the material to the
supplier immediately or identified and stored materal in such a way that would prevent
its use while arrangements were made for its removal from site. The process for receiving

materials on site 1s shown on Table 3.2.

Purpose To control the receipt and storage of material on-site.
Scope This procedure applies to material incorporated into contract works.
Users Site Agent
Assigned Persons named in Project Quality Plan (to check material on
receipt)

Documentation | Site Non-conformance Report

Confirmation of Inspection Material Received
Site Daily Diary Sheet

Controlling Non-conformance

Outline
Procedure for : .
Checking on Receipt
Main By P
Contracts 4
Recording Receipt

Table 3.2 Recerving and storing materials procedures
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3.2.6 Payment Process

There was no formally documented procedures for payment of invoices. The payment of
material invoices was centrally administered by the accounts department. The department
was managed by a head of processing who was responsible for 12 clerical staff, as

illustrated in Figure 3 2.

Head of Processing (1 Statt)

Eastern South /West Plant Scaffolding Administration
Region Region
2 Staft 2 Staft 4 Statt 2 Staft 2 Staft

Figure 3.2. Organisational structure of accounts department

All correspondence arriving by post, such as statements, letters, invoices and credit
notes, were sent to the head of processing, who then passed them to relevant staff. GRN
and accompanying delivery dockets were either handed in directly, couriered or posted to
the accounts department. The head of processing was responsible for all concrete and
filling matenial suppliers throughout the country and the balance of correspondence was
divided between two staff members, broadly divided into eastem region and
southem/western sections.

Invoices were then passed onto relevant staff who proceeded to input the invoice
details into the Binary system. Once a particular batch of invoices had been inputted, a
register printout of those invoices (including the batch of invoices) were handed back to
both the eastern section and the southern/westem sections. All invoices received were
logged onto the Binary system within 24 hours of receipt, by the particular section. Once
returned to the section a single staff member was responsible for checking the register
printout for completeness and then proceeded to match the purchase order and delivery
docket to the particular invoice. A pre-printed sticker was then placed on each invoice by

the inputting staff. The sticker provided a facility to record the region, division, main
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: . . 3
contract reference or special contract reference, together with a nominal ledger code’, as

illustrated 1n Figure 3.3 below.

VAT. REGION DEPT.
REGISTER NUMBER
| CONTRACT NoO. NI VALUE
CODE
REG. BY: PAID BY:

Figure 3.3. Invoice allocation sticker

Payment was only made if the matching exercise had been completed successfully in
full. In some cases where there was a call-off order, the purchase order was photocopied
and attached to the matching invoice. Invoices that were successfully matched to
purchase orders and delivery dockets were handed back to the persons responsible for
processing payment. Those invoices that were not successfully matched were put to one
side until the necessary paperwork was located and matched to the invoice. The matching
exercise involved contacting the supplier and requesting credit invoices, proof of delivery
etc. The accounts department requested that all invoices were issued by suppliers in
duplicate. The top copy was kept by the accounts department and the duplicate was sent
to the site for their records®,

A cheque run occurred twice a month, when staff acted on priority payments. The
majority of invoices were paid electronically directly into the supplier accounts. There
was a facility to retumn an invoice to the supplier where there was no matching purchase
order. Following the processing of payment, all invoices were filed numerically using the
pre-printed allocated reference number. A summary of the purchasing procedures in the

eastern regional office is illustrated in Figure 3 4.

® This may be materials, preliminaries, external plant or internal plant.
* These invoices were normally sent in weekly batches. The purpose of the site copy was to allow the
quantity surveyor to check the invoice details against the monthly cost printouts.
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3.3 PERCEIVED WEAKNESSES OF THE SYSTEM

The senior buyer of the eastern region identified the weaknesses of the current purchasing
system, as follows :
e insufficient notice given by site to head office to procure matenals;
e insufficient information on the material requisition completed by the project team;
¢ too much time was taken updating supplier price lists;
e 1o access to the bill of quantities for the purchasing department;
e apparent lack of co-ordination between production staff and quantity surveyors on
site and

e an ad hoc approach to material requisitioning generally.

When asked what improvement, if any, could be introduced, the senior buyer
suggested the following improvement measures:-

e cach site should go through material requirements earlier in the contract and give
the purchasing department due notice of such requirements;

e include on the material requisition an indication of the budgetary allowance for
that matenal;

e ensure that material requisitions when completed are as comprehensive as
possible and

e introduce a facility to email suppliers for price listing updates.

The head of invoice processing in the southem region identified the endless copying
of invoices for query purposes, incorrect prices on invoices and mislaid delivery dockets,’
as the main weaknesses of the system. There was a general lack of awareness by site
personnel that holding onto delivery dockets can cause serious delays to payments of

supplier invoices.

This problem 1s more pronounced where a courier delivers to site. There is a tendency for site personnel to
throw out the dispatch note, which 1s attached to the packaging.
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3.4 COMPANY ICT INFRASTRUCTURE

The ICT system was founded on a combination of separate software systems operating

largely in isolation from each other. Table 3.3 summarises the systems used in the

company together with the purpose of their use.

System Use Comments

Binary Finance (Accounts The Binary system was a DOS based
Payable, Accounts systems known as AS/400. It was
Receivable, Purchasing installed in the company in 1992.
(East Region), Fixed
Assets and Reporting.

Plant Plant The plant package was a bespoke
system that tracked intemal and
externally hired plant on construction
projects.

Bank Finance The Bank Reconciliation was a

Reconciliation bespoke system which assisted in the
reconciliation of the cheque
processing runs.

Microsoft Office | All Departments General use including the production

- Word Quality Documentation of the quality forms.

Microsoft Office | Marketing Access databases have been set-up by

- Access Purchasing (West a variety of departments.

Region)

Human Resources
Overture Estimating A specialist estimating package.
Buildsoft Estimating Buildsoft is used as a take-off tool

Quantity Surveying

when required. Some sites used
Buildsoft to ease communication
between sites and professional
quantity surveying practices.

Power Project

Contract Management

PowerProject is used to manage the
project’s tasks on a time basis.

Timesheet Payroll Various timesheet systems were used
Systems Quantity Surveying by some of the major projects to
manage internal and external labour
returmns.
Worksafe Health and Safety Worksafe is used to track health and
safety statistics and manage the
insurance claim process.
Table 3.3. Company IT systems in use
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The following observations were made following an investigation of the particular

software deployed :

Ph.D Thesis

Binary — The system provider had not enhanced the system (with the
exception of the self-financed projects) since its original installation in 1992.
The purchasing functionality was limited, as the price list data was “as-is”,
with no view to price history. Purchasing and account departments were not
linked.

Plant — The system did not integrate with Binary financials.

Bank Reconciliation — The system did not integrate with Binary financials.
Microsoft Office Excel — Whilst Excel was acknowledged as a powerful tool
for ad hoc calculations and manipulation of information, the use as a valuation
tool lead to a wide variety of formats used throughout the company.

Microsoft Office Word — The format of the Word forms used for quality
documentation were not user-friendly for entering information. Once entered,
the information was not shared with a central system.

Microsoft Office Access — The established databases are not shared throughout
the company. Information held on these databases was mirrored in other
manual and computer systems.

Overture — There was no integration with current and historical cost data, and
Supplier And sub-contractor data from the central system. Not all components
of the estimate were completed on Overture.

Buildsoft — The software was not used throughout the company.

Power Project — This program was not being used to its full potential, with no
link between financial planning and physical planning.

Worksafe — The system quality was very poor. The functionality was far
greater than the requirements, causing more work than was deemed necessary.

Worksafe was not integrated to any other system.
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As 1s evident in Table 3.3, many of the company departments ICT communications
were in complete isolation from one another. There was an array of software solutions
employed but with a very limited degree of integration.

In 2001, the company considered using the Marrakech extranet product. The product
was a closed-loop extranet, where all customers (purchasers and suppliers) were
registered participants and could trade only with other organisations nominated by them.
It was decided not to purchase this product, as a more integrated business process
solution was required.

At the time of carrying out this observation study, the company had purchased the
COINS ERP software system. This provided a single, secure and consistent environment
for all the common data within the company. At the time of carrying out the observation
study, the system architecture was been installed, on a phased basis, and an on-going
training programme of staff was underway. The purchasing module of the COINS system
was not operational at the time of completing this observation study.

The software providers claim that the functionality will ensure that all the facets of the
construction business would be integrated. For example, the purchasing department could
create purchase order information that could readily be viewed by site personnel and the
accounts department. The precise capabilities of the software was dependent on which
modules the customers would select from the suite of modules made available by the
provider. This was important, as not all the COINS modules on offer were selected for
use by the contractor.

It will be seen in Chapter 8, that the author encouraged COINS to partake in a pilot
project, in order to demonstrate that trading parties can achieve a three-way electronic
match of the purchase order, delivery note and invoice, thereby bringing about a re-

engineering of the purchasing process.

3.5 OBSERVED PROCESS FLOW CHARTS

This section of the Chapter attempts to map in detail the following purchasing processes

observed in the company.
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e Maternials requisitioning and ordering
e Receiving matenals

e Managing payables

A process map key is included in Table 3 .4.

Process Map Key

Purchasing Materials: Process Category
Material Requisition & Order | Process Name

Start of Process
This may follow from another process

Process
The top box contains the name of the department

undertaking the process. This lower box will be coloured

to the system used to conduct the process. White is a
manual process and yellow is the binary process).
End of Process

This may lead to another process.

Table 3.4. Process flow key

3.5.1 Material Requisitioning and Ordering Process Mapping

Materials were either purchased centrally or negotiated at site level. Site level
negotiations usually included bulk materials of a high order value. The quantity surveyor
obtained quotes for the materials. Once the supplier was selected, the quantity surveyor
raised a requisition for the materials, including information about the items to be ordered,
the quantity required, the supplier and the negotiated price. Purchasing checked the
requisition and, if complete, raised a purchase order and send it to the supplier.

For centrally purchased maternials, the authorised members of the contract team would
raise requisitions to the purchasing department. This included the items and the quantities
required. The purchasing department then checked the requisitions for completeness and

authority. If the item was not on an existing price list, then the order would be raised
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against the current negotiated supplier price. If the item did not appear on the price list,
then the purchasing department obtained quotes for that material. Once the supplier and
details were negotiated, the purchase order was raised and sent to the supplier. A copy of
the order was sent to accounts and to the site. The Binary ICT system was used to raise
and print the purchase order. Binary was also used to enter the current supplier price list.
Price lists were updated by printing an existing price list from Binary and fax/posting this
to suppliers to update suppliers on a regular basis.

The process flow chart for requisitioning and ordering materials is shown in Figure
3.5. The process shows 18 individual potential tasks in the creation of a purchase order.
The most widely adopted observed route for processing the purchase orders is indicated
in red and involved a minimum of 13 tasks. The author observed that the process was
largely inefficient, with the preparation of material requisitions by hand, the manual
checking of the requisitions, extensive photocopying and the manual re-keying of
information to create the purchase orders. Table 3.5 summaries the tasks that are carried

out manually rather than electronically in the material requisition process.

Tasks Manual/ Photocopy/ | Manual
Handwriting Printing keying
of Info.
1 | Check if materials are centrally purchased N
2 | Prepare material requisition v
3 | Send requisition to purchasing department N v
4 | Check material requisition for correctness v
5 | Check if materials are centrally purchased V
6 | Check if item on price list v
7 | Up-date price list v
8 | Select supplier v
9 | Select supplier on Binary Vv
10 | Enter order and price on Binary v
11 | Post/ print out purchase order on Binary v v v
12 | Post order to site J J
13 | Copy purchase order to accounts v V
Total 11 4 3

Table 3.5 — Tasks carried out manually rather than electronically in the matenal
requisition and ordering process
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3.5.2 Receiving Maternals Process Mapping

When materials were received on site, they were inspected against the supplier’s delivery
docket. An authorised member of the contract team carried out this inspection. If the
receipt was acceptable, the goods were stored in the appropriate area as per the site’s
quality plan. If the receipt was unacceptable, then the non-conformance procedure was
started. The items were either returned to the supplier or held in a non-conformance area
of the site. Storage sites were inspected regularly and findings reported in the site daily
diary sheet. The receipt was noted onto the confirmation of inspection — materal received
form and this, together with the delivery docket, was forwarded to the accounts
department.

The process flow chart for receiving material is shown in Figure 3.6. The process
shows 7 individual potential tasks in the receipt of deliveries. The most widely adopted
observed route for processing the deliveries is indicated in red and involved a minimum
of 6 tasks. The author observed that the process was highly inefficient, with the all
delivery docket information manually entered onto a GRN form, which together with all
the signed delivery dockets was photocopied and dispatched to head offices for
processing. All this information was then re-keyed by head office personnel into the
Binary ICT system.

Table 3.6 summaries the tasks that are carried out manually rather than electronically

in the receiving material delivery process.

Tasks Manual/ Photocopy/ | Manual
Handwriting Printing keying
of Info.

Nominate receiving personnel

Receive materials

Inspect material against delivery dockets

Sign delivery dockets

Vv

Record receipt of materials on GRN forms

NN | B |W N -~

Copy GRN/delivery dockets to accounts v

O | & & & ]

Total 1 1

Table 3.6 - Tasks carried out manually rather than electronically in the receiving
materials process
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3.5.3 Manage Payables Process Mapping

Invoices were received from suppliers and the details were entered into Binary. The
author observed that the process was highly inefficient, with once again an over reliance
on manually tasks, extensive photocopying and re-keying of information. Binary was
updated manually to allow payment to occur on the cheque corresponding to the payment
date. When invoices were received that required matching to either the delivery docket or
purchase order (or both), these documents were retrieved from their files. Once all
documents were available, then they were matched. Once matched, the Binary system
was updated to allow payment to occur on the cheque run corresponding to the payment
date.

The process flow chart for managing payables is shown in Figure 3.7. The process
shows 20 individual potential tasks in the management of payables. The most widely
adopted observed route for processing the invoices is indicated in red and involved a
minimum of 11 tasks. Table 3.7 summaries the tasks that are carried out manually rather

than electronically in the managing payables process.

Tasks Manual/ Photocopy/ | Manual
Handwriting Printing keying
of Info.
1 | Receive purchase order, delivery dockets v v
and invoices into accounts
2 | Determine matching process v S
3 | Enter details and code into Binary
4 | Matching purchase order, delivery note v
and invoice
5 | Check all documents located v v
6 | Complete final 3-way match V
7 | Enter payment authorisation details into v
Binary code
8 | Release payment v
9 | Print cheque and remittance v v
10 | Collate cheques and remittances V
11 | Post payment to supplier v
Total ¥ 3 3

Table 3.7— Tasks carried out manually rather than electronically in the managing
payables process
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3.6 CENTRE POINT PROJECT CASE STUDY

The overall purpose of this case study was to focus on particular supplier transactions
over a defined period on a specific project and record the current performance of the
purchasing procedures adopted by the observed company.

The case study project was a mixed development consisting of a basement
incorporating a public house and nightclub with retail outlets at the ground floor levels,
five floors of apartments and a five-storey office block. The strategy adopted in the

observation study included the following :

e Select particular supplier accounts to observe.

e Observe and record particular supplier account transactions over a defined
period.

e Analyse and interpret the data.

It was decided that three Supplier Accounts would be observed. Table 3.8 summarises

the supplier types investigated and periods of observation.

Suppliers Nature of Materials Supplied Period of Number of
Selected for Observation Invoices
Observation

Supplier A Multiple low volume transactions | November 2001 to 18

for specialist fixings for concrete | August 2002
and blockwork.

Supplier B Bulk supplies of in-situ concrete | November 2001 to 34
of varying specifications March 2002

Supplier C Mixture of low and high volume | November 2001 to 41
general building materials February 2002

Table 3.8. Summary of supplier accounts investigated

It was important that the author observed alternative supplier types, such as those

providing low volume specialist supplies, high volume single products and a mixture of
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low and high volume general building materials supplies. The rationale for selecting

differing peniods of observations was mainly due to the number of transactions that

needed to be observed in order to obtain an accurate analysis of the relative efficiency of

the transaction processes. Table 3.9 summaries the tables prepared by the author in

preparation for the data collection. A sample of transaction data for Supplier C is

included in Appendix A.3.
Site
Purchase Requisition
Number Quantity Description Date Completed | Date Req. | Remarks Office Use
Only
PO Number
Purchasing Department
Purchase Order
Number Quantity Description Price per Discount Total Req. Date of
unit value of delivery issue
order date
Site
Confirmation of Inspection — Material Received
Date Delivery Order No. Quantity Material received
completed docket no. received
Supplier
Delivery Note
Delivery | Customer Quantity Description of goods delivered Supplier | Authorised Date of
advice order no. Code signature delivery
no.
Supplier
Sales Invoice
Customer | Delivery | Invoice | Invoice | Quantity Desc. of Part Price | Dis | Net Total Total
order no. advice date no. goods no. per goods incl.
no. invoiced unit VAT
Accounts Department
Payment Process
Date Date Internal Missing Query Purchase Non- Terms of Date of
invoice registered | requisition delivery on price order no. conformity payment payment
received on no. dockets on invoice materials
computer

Table 3.9 Documents observed

The recording of the data for Supplier B was less time consuming than for Suppliers

A and C as the purchasing process was simplified by the fact that the procedures mainly

Ph.D Thesis
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involved “calling-off” matenals on a master purchase order, which was raised by the
project quantity surveyor.

In order to carry out a thorough analysis of the data obtained, it was first necessary to
locate the information in the head office. An outline of the approach taken by the author

is illustrated in Figure 3.8.

Site Material | Purchase Confirmation | Sales Invoice Payment
Requisition Order of Inspection — Process
Materials
Received

Retrieving documents in head office files

T >

Enter information onto spreadsheets
& D>
Locate missing documentation

& -

Enter missing information onto spreadsheets

Figure 3.8. Approach to retrieving data in head office

The mode of communication was mostly paper-based or extracted from the Binary
system. All copies of site requisitions were filed in the purchasing department under the
particular project job number. Site requisitions were filed in date order and were easy to
retrieve. Staff in the purchasing department inserted the purchase order against the
relevant item(s) on the site requisition sheet. Once all the appropriate site requisitions
were entered onto the spreadsheets, it was then necessary to locate the purchase orders
referred to in site requisition sheets. In some instances photocopies of site orders were
attached to the appropriate site requisition sheets. In most instances however, it was
necessary to retrieve duplicate orders that were sent from the purchasing department to
the accounts department. These were filed in numerical order and proved more difficult
to locate. In a number of cases, copies of purchase orders could not be located.
Completed GRNs were also held in the accounts department. These again were filed

under the particular job number and were easy to retrieve.
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Supplier invoices proved the most difficult and time consuming to locate. It was
necessary to gain access to the Binary system and interrogate the system to locate the
relevant invoices. The Binary system allowed one to search for invoices received from
particular suppliers over a particular time period. These in tum, would provide the
matching of purchase order numbers to particular invoices numbers. These invoice
numbers had a unique registration number which one could then use to locate the paper
copy of the invoice in the filing room. All supplier invoices were filed in numerical
registration number sequence and had attached to them the original delivery docket and a
copy of the appropriate purchase order.

This approach was taken for all three suppliers. It proved difficult at times to locate
some of the supplier invoices, as some had not been filed or had been held due to queries
on the invoice by accounts. It was also evident from the spreadsheets prepared, that a
number of documents could not be found on file. This problem was most acute in the
Supplier A account where 7 purchase orders, 8 GRNs, 11 delivery dockets and 7 invoices

were not located.

3.6.1 Observation results

The results of the study are based primarily on the matching/mismatching of particular
documents that was evident on the completion of the spreadsheets. The three core issues
that are examined include :

e Payment periods of invoices —v- Supplier Credit periods.

e Discrepancies between site requisitions and purchased orders.

e Discrepancies between purchase orders, delivery dockets and supplier invoices.

Payment period of invoices —v- Supplier Credit periods

An obvious interpretation of the data was to evaluate if the supplier was receiving
payment within their standard credit periods. Prepared tables summarising the periods of

payment from receipt of invoice to payment for each supplier are included in Appendix
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A.1. With respect to Supplier A, one invoice was held due to queries on invoice prices
during the observation period. Of the remaining invoices, analyses indicated that an
average payment period of 62 days was achieved, with the shortest period of 29 days and
the longest period of 86 days. The only exception was Transaction 10, where the invoice
was disputed. This compared to the credit period agreed with the supplier of 60 days.

Figure 3.9 summarises the payment periods observed for Supplier A.
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Figure 3.9. Observed payment periods for Supplier A
It can be seen that the distribution of payment periods illustrated in Figure 3.9 was

sporadic. The main reasoning for this was the difficultly the accounts personnel had in

matching up purchase order, delivery docket and supplier invoices, which will be
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discussed later in this section of the Chapter. The incidence of early payments was mainly
due to payment approvals coinciding with cheque run dates.

In the case of Supplier B the average payment period was 66 days which was only
marginally in excess of the 60 days period negotiated with the supplier. There were nine
invoice queries during the period. Figure 3.10 summarise the payment periods observed

for Supplier B.
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Figure 3.10. Observed payment periods for Supplier B

It can be seen that the distribution in Figure 3.10 that most payments were marginally
over the 60 day payment cycle.

With respect to Supplier C, the contractor was unable to maintain the 60 day payment
cycle due to the extent of queries on the supplier invoices. Figure 3.11 summarises the

payment periods observed for Supplier C. For Supplier C the average payment period
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was 113 days, which was far in excess of the 60 days credit provided by the supplier.

The longest period of payment achieved was 182 days (some six months).
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Figure 3.11. Observed payment periods for Supplier C

The erratic and prolonged payment periods associated with Supplier C was as a direct
result of the inability of the accounts department to match the documentation in the
payment approval process.

It 1s important for the author to reiterate that the contractors target payment period
was 60 days for all three suppliers. Where a three-way manual match of the purchase
order, delivery docket and supplier invoice could be achieved the supplier invoices went
into a normal payment cycle cheque run. This was particularly evident in Supplier’s B
account, where 25 out of 34 supplier invoices were paid within 64 days, thus falling on a

particular 60 days cheque run cycle.

Discrepancies between site requisitions and purchased orders

Completeness of information on the initial site requisition form was an issue in both

Supplier A and Supplier C accounts. There was a great deal of discussion between
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purchasing and site personnel before the official purchase order could be dispatched to
the supplier. This typically involved the purchasers ringing up the site and clanfying the
particular requirements of the site. This was mainly due to the fact that there was
insufficient information on the site requisition to prepare a particular purchase order. It
also involved the purchasing department ringing the supplier and confirming the order
verbally. The supplier at this point typically confirmed that they did not have particular
materials or may have suggested alternatives to the original site requisition. In any case,
the resultant purchase order in many instances was different to the ornginal site
requisition. It was also typical that site would ring up purchasing and request additional
materials verbally. In response to this, purchasing added this additional request for
materials onto the purchase order.

This problem was evident in the Supplier A account. The main reasoning for this was
the highly technical and specialist nature of the material ordered. The information
provided by the site was extracted from an on-site supplier catalogue. On receipt of the
faxed site requisition, purchasing would typically ring site and clarify the purpose for
which certain fixings were required. Purchasing would ring the supplier who would give
their advice as to the particular fixings required. It was not unusual for the supplier to
recommend additional materials for a particular purpose. Of the 23 transactions observed,
only 11 site requisitions mirrored exactly the formal purchase order. In the case of the
remaining transactions the purchase orders were quite different in regard to quantity and
specification of materals finally ordered.

The Supplier C account was an especially difficult account to track, with respect to
particular transactions. The extent of the problem was more acute than the Supplier A
account. A profound example of this problem can be seen in transaction one, as shown in
Appendix A.3. The original site requisition was for 7 items of material ranging in
quantity and specification. This was allocated a purchase order number. This purchase
order consisted of 11 items of material, ranging in quantity and specification, which was
subject to 11 separate invoices. An additional example of this problem, in respect to the

Supplier C account, is shown in Appendix A.3.
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This problem was not an issue for the Supplier B account, as materials were being
requisitioned by sites by way of a “call-off” telephone call to the supplier direct. Figure
3.12 provides an overview of the observed matching of site requisitions and purchase

orders for Suppliers A, B and C.

20

Total number

10 |

0 +—

O Total number of site requisitions

@ Total number of site requisitions

matching purchase orders

Figure 3.12. Discrepancies between site requisitions and purchase orders for
Suppliers A, B and C

Discrepancies between purchase orders, delivery dockets and supplier invoices

The exercise of matching purchase orders, delivery dockets and supplier invoices, was a
particular cumbersome and time-consuming task. It involved retrieving the paper copies
of the purchase orders, entering these details onto the Binary system and noting the
internal registration number allocated by the accounts department to the particular
invoice. Once the internal registration numbers were retrieved, it was then necessary to
visit the invoice filing room and physically retrieve the relevant invoice and check the
content of the invoice against the original purchase order. The extent of the problem was
compounding by mislaid documentation. Figure 3.13 illustrates the extent of the problem

of mislaid documents.
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Figure 3.13. Extent of mislaid documents for Supplier A, B and C

Figure 3.14 summaries the relative success of the three-way matching of purchase

orders, delivery dockets and supplier invoices.
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Figure 3.14. Relative success of three-way matching for Supplier A, B and C
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The three-way matching process achieved a very high success rate in the case of
Supplier B. In the case of Supplier B, it was easy to explain this success rate as there
were only 2 initial site requisitions raised by the site quantity surveyor. Site called-off the
material on a daily basis. The supplier delivered the matenal to site and secured a
signature on a delivery note. Invoices were dispatched to the contractor with an appended
copy of multiple delivery dockets. The only discrepancies found in the case of Supplier B
involved the invoicing for small load charges, a matter that was not dealt with in the
original purchase order but which is standard practice in the industry. The process of
locating the necessary information was tedious and time consuming but all paperwork
retrieved was matched successfully. This high success rating was the reason for not
including a matching of prices table in Appendix A.2.

One of most acute problems lay in trying to match the purchase order to the supplier’s
invoice. With respect to the Supplier A’s account 1t was not possible to carrying out a
complete examination of the matching between purchase orders, delivery dockets and
supplier’s invoices in all instances, as many of the documents could not be located in the
head office. Only 17% of purchase orders located matched the content of the 34 invoiced
raised for Supplier B during the observation period.

The quantity and specifications of materials delivered and invoiced largely matched
those of the original purchase order. One interesting observation was that, in all instances,
suppliers had a particular product code, which was in no case referenced on the purchase
orders. In many instances the descriptions for the materials on the delivery dockets and
the supplier invoices were more explicit than the purchase order. The main discrepancy
was with respect of the divergence in prices between the original purchase order and the
supplier’s invoices.

Supplier C’s account was a very difficult account to reconcile, as it was not possible
to carry out an accurate matching exercise. In many cases there were multiple invoices
matched against a single purchase order. This was not an untypical practice where
materials in effect have been “called-off” from a schedule of rates from a master purchase
order. Only 4% of purchase orders located successfully matched the content of the 41

invoices raised for Supplier C during the observation period.
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Table 3.10 summarises the relative success of the three-way matching process

achieved in this observation study as seen in Figure 3.10.

Supplier % Matching
A 17%
B 95%
C 4%

Table 3.10. Extent of three-way matching achieved

With respect to both Supplier A and C, the problem of three-way matching of these
documents was particularly acute. The extent of the matching of the purchase order prices
and the sales invoice prices is shown in Appendix A.2. In the case of Supplier A, 17% of
purchase orders matched the delivery dockets and supplier invoices, with respect to
quantities and price to within 1€. Supplier C’s success rating was even less impressive,
with only 4% of purchase orders matching the delivery docket and the supplier invoice.
With respect to Supplier B, the extent of three-way matching was very high at 95%,
mainly due to the simplicity of the call-off procedure.

It is very important to highlight that a very high percentage of delivery dockets
matched the details of the invoice, as this process was controlled by the supplier.
Typically the supplier invoice is created from the same electronic file as the delivery
dockets, thus there is rarely a difference between the two documents, other than the
inclusion of the price in the supplier invoice.

The most alarming discrepancy found during the three-way matching process, was the
extent of divergence between the prices quoted in the purchase order and the final price
charged by the supplier. Accounts personnel were instructed by senior management not to
approve payment of a supplier invoice unless there was a corresponding match with the
prices agreed in the original purchase order.

A summary of the key observations of the purchasing process is summarised in Table

3.41.
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Material requisitioning &
ordering

Receiving & storing
materials

Managing payables

Most (if not all) of the
purchasing process was
manual, with little to no
reliance on technology.

No central processing of all
orders.

There was no global view of
materials on order, materials
received or materials
overdue.

Purchase orders were
unknown to the finance
department until an invoice
was received and processed.
Blanket orders were raised
against suppliers both
verbally and with a blanket
requisition.

Pricing of centrally
purchased items was not
viewable to remote sites.
Purchasing requisitions
were not used for all
purchases in the company.
Binary purchasing did not
integrate with accounts
payable. The reliance was
on manual input from one
section of the system to the
other.

There was no tracking of
supplier’s fulfilment history.
There was no shared
information around the
regions on suppliers and
pricing.

e Sites in the eastem
region did not check
pricing on receipt,
even through this
was stated in quality
manuals.

e The southem region
did not check price
against the purchase
order, though this
process was repeated
in accounts during
the three way
matching process.

e Each region had a
separate process for
materials receipt.

e Manual recording
and forwarding of
paperwork led to
problems when
paperwork is lost or
forwarded late to the
accounts department.

e Receipts were not
posted against
purchase orders in
Binary — therefore
no view of open and
late purchase orders
unless managed
manually.

e Two/three-way matching
was manual as the
purchase did not appear
in Binary’s accounts
payment system, nor was
the receipt recorded. This
led to re-handling
paperwork many times
until matching could
occur.

e Due to the lack of a link
between purchasing and
accounts, purchase orders
were not raised for many
services. Payment was
then authorised straight
from the invoice,
allowing no view to
outstanding receipts on
these transactions.

e New creditors were often
entered at the time of
invoice receipt, slowing
down the payment
process.

e There was only a short-
term view of accounts
payable, with invoices
entered and raised from
manual/non-integrated
systems. The company
had no view of its
medium to long-term
cash requirements or

liability.

Table 3.11. Key observations of business processes
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3.7 CONCLUSION

This observation study confirms the author’s contention that many large construction
companies, such as the one observed, are wholly inefficient in the way that they utilise
ICT. The current ICT infrastructure adopted by the company consisted of a number of
discrete software packages that were in no way integrated. The author, however,
acknowledges that the observed company was aware of this inefficiency and had reacted
by purchasing the COINS software at the time the observation study was carried out.

The results of the direct observations by the author have been illustrated by use of
business process maps. Individual process maps for purchase ordering, delivery of
materials and invoice payment, show that significant inefficiencies, such as manual work,
extensive photocopying and printing and re-keying of information are present throughout
the purchase cycle.

The author choose to focus on the purchasing transactions of 3 core suppliers over a
defined period, from initial requisition of materials by site personnel to final payment.
The result shows that the payment penods for some suppliers can be extended due to the
incidence of mislaid delivery dockets and mismatching of purchasing documentation
generally. The extent of this problem was particularly evident in regard to Supplier C,
where an average payment period of 113 days was observed.

The author is of the opinion that this level of inefficiency was a direct result of the
wide range of products supplied by Supplier C. In contrast, the nature of the product
supplied by Supplier B involved a limited range of bulk material orders, which by
implication involved a significant reduction in the volume of paperwork, thus speeding
up and simplifying the matching process and leading to more acceptable credit periods.

The discrepancies observed between purchase requisitions and purchase orders were
found to be extensive in Supplier A and C accounts. Whilst these discrepancies were
found to be problematic, the company and indeed the author feel strongly that the initial
requisition of materials by site personnel will, by implication, involve a necessary
interaction between site personnel and head office with regard to determining the

particular requirements with respect to the purchase order content.
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The most conceming aspect of the observation study results was the extent of
documents that could not be found by the author during the observation period. This
problem was particularly acute for Supplier’s A and C, and less problematic for Supplier
B.

The key observation by the author was to directly observe the extent of the
discrepancies between purchase orders, delivery notes and supplier invoices. The author
attempted to manually match these documents during the observation period.

The main problems observed by the author that caused this mismatching included :-

e Copies of different documents were invariably manually produced by differing
persons, which increased the probability of errors occurring between differing
documents for single transactions and thus caused the mismatch.

e The paper-based system is dependent on ensuring that all appropriate departments
obtain copies of the documents necessary to do their job. Where a small percentage
of those documents were lost or misplaced, this caused gaps in the system and caused
delays in the matching and subsequent payment cycle.

e The contractor prepared the purchase order based on their specific requirements with
agreed prices. On the other hand the supplier reacted to the site requirements, which
invariably differed from the original purchase order information, thus causing the
delivery note information and subsequent supplier invoice information not to match

the original purchase order.

The results of the observation study underpin the contention that the current
traditional paper-based approach to material procurement does not work efficiently.
There were too many manual tasks observed, extensive photocopying and re-keying of
repetitive information by purchasing, site personnel and the accounts department. The
author contends that there is a robust business case for re-engineering the purchasing
procedures in construction companies, such as the company observed. The key to this re-
engineering 1s the three-way electronic match of the purchase order, delivery docket and
the supplier’s invoice, thus bringing significant business benefits to the entire supply

chain.
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IN THE IRISH CONSTRUCTION INDUSTRY
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4.1 INTRODUCTION

In Chapter 2 the author reviewed literature on both established and emerging technologies
currently being adopted in construction purchasing internationally. The author concluded that a
fully integrated ICT electronic purchasing solution could bring significant benefits to both the
buyers and the suppliers of matenals in the Irish construction industry. In Chapter 3, the author
reported on a 2002 observation study, where the author experienced first-hand, the extent of
inefficiencies and problems that were present in the material purchasing process of a large Irish
construction company.

This Chapter seeks to examine the extent to which the top Irish construction suppliers and
contractors are currently exploiting electronic purchasing. The author adopted a methodology,
which involved the design and distribution of an online questionnaire to almost 100 Irish
construction companies in early 2004.

The results of the questionnaire survey are analysed in order to determine: the major factors
that are likely to attract organisations to use EC technologies, the driving forces which attract
organisations to implement electronic purchasing, the barriers to preventing organisations from
applying these technologies and the future developments which would encourage higher usage
of electronic purchasing within the Irish construction supply chain.

It 1s well accepted internationally that the adoption of EC in the construction industry has
been sporadic and piecemeal (Hore and West, 2004). Following a detailed analysis of the
results, the author compares the key findings of this survey with similar surveys carried out
internationally in recent years. The findings of this survey were presented at a conference in

Nevada USA in February 2005 (Hore and West 2005a).

42 THE SURVEY

The survey methodology adopted involved two core stages as illustrated in Figure 4.1, namely,

a planning phase and an implementation phase.
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Decide on what one needs to
know?

Examine questions and remove
any items that are not directly
associated with the research
question(s)

Write the questions on separate
cards to help ordering later on and
consider question tvpe

Check wording of
questions/question type

Sort into order

Consider lavout and appearance

Write out instructions to be
included in the questionnaire

Decide on sample
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ensure high response rate

Pilot the questionnaire
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for completion of questionnaire
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general email

Figure 4.1. Questionnaire strategy
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4.2.1 Planning Phase

The planning phase of the questionnaire focused on three aspects, namely:
1. Research questions
2. Presentation of questionnaire

3. Sample selection and size

Research Questions

The foundation of all questionnaires, whether to be mailed or to be used for interviewing, is the
questions themselves (Naoum, 1998). At first, the order and wording of the questions were not
crucial. The aim was to list the ideas, which could be developed into a questionnaire at a later
stage. The findings of the literature reviewed in Chapter 2, combined with the findings of the
observation study reported in Chapter 3, led to the identification of four key areas to be
investigated.

(1) The current level of ICT take-up by main contractors and building suppliers in

B2B purchasing transactions.

(11)  The driving forces which attract organisations to adopt electronic purchasing.

(111)  The barriers preventing organisations from applying these technologies.

(iv)  The future developments, which would encourage higher usage of electronic

purchasing within the Irish construction supply chain.

The questionnaire was structured in the following order:

e Company profile: company type and tumover.

e [CT Take-Up: opinion as to the general level of take-up within the Irish construction
industry; the general level of ICT usage within the organisation’s B2B purchasing
transactions; current state of awareness of ICT deployment in construction purchasing;
willingness to consider applying existing technologies in B2B transactions; importance

of linking EC to business strategies; increasing significance of EC in the next three
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years; the extent of use of particular EC technologies and concems over web-based
strategies.

e Driving forces: the major factors, which attracted, or are likely to attract, organisations
to apply EC technologies. This part of the questionnaire contained questions relating to
ten potential driving forces, which recipients were asked to rank in order of importance.

e Barriers to adoption: the major barriers, which have prevented the adoption of EC
technologies, both for individual organisations and the Irish construction supply chain as
a whole. This part of the questionnaire contained questions relating to a total of twelve
potential barriers, which recipients were asked to rank in order of importance.

e Future directions: future statements which were perceived as important in enticing more
Irish construction organisations to use EC technologies. This part of the questionnaire

contained questions relating to nine potential future directions.

Presentation of Questionnaire

An online questionnaire was prepared. This involved initially creating the questionnaire in a
Word format and then creating a HTML file. The survey sample was accessed by the recipients
via a website link, which included a statement as to the background to the survey and detailed
explanations as to how to complete the survey. The use of an online method made completion
of the survey very easy for the recipients. Once completed, the responses were returned
instantaneously to the author of the questionnaire. A copy of the online questionnaire is

included in Appendix B.1.

Sample selection and size

All researchers are dependent on the goodwill and availability of the subjects to create a true
random sample (Harper, 1991). It was decided to target both main contractors and building
suppliers in the Irish construction industry. The initial source was to consult the top 75

contractors and top 75 suppliers by turnover, published by www.irishconstruction.com. Each of the

companies listed were telephoned to identify the individual IT managers in the respective

companies and to secure their contact details, including their email addresses. A total of 98
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companies agreed to partake in the survey, with included 51 contracting companies and 47
suppliers. In respect to particular characteristics of the sample, companies were only asked to
provide information on their annual turnover and basic contact information. Table 4.1 shows

the distribution of turnover within the research sample.

Size Turnover (EM pa) Suppliers Contractors Total |
Small <10 5 (10%) 0 (0%) S{(5%) |
Medium 10— 40 16 (34%) 24 (47%) 40 (41%)
Large >40 26 (56%) 27 (53%) 53 (54%)
Total companies surveyed 47 51 98

Table 4.1. Research sample: tumover profile of sample

Table 4.1 confirms that the research sample represented a balance between medium to large
turnover companies, mainly because they represented the top-turnover companies in the Irish
construction sector. The Irish construction industry i1s made up mainly of many small
contractors. Notwithstanding this fact, the target sample chosen by the author will cause a

natural bias towards the larger tumover sector of the market.

4 2 2 Implementation Phase

The implementation phase of the questionnaire focused on two aspects, namely, the pilot

questionnaire and the distribution and return of the questionnaire.

Pilot Questionnaire

The questionnaire was piloted to test how long it would take recipients to complete the
questionnaire, to check that all instructions and questions were clear and to remove any items,
which did not yield useful data (Bell, 1996). Table 4.2 identifies the questions and the responses
received from two main contractors and two suppliers, when asked to comment on the pilot

questionnaire.
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Question Summary of Responses
1. | How long did it take to On average between 10-15 minutes.
complete?

2. | Were the instructions clear? It was suggested that an explanation of ICT and
eBusiness be included in the survey.

3. | Were any of the questions Questions 8 and 9 were quite similar in content. It
unclear or ambiguous? If so, | was suggested that “Drivers” and “Barriers” be
which questions and why? clearly distinguished.

4. | Did you object to answering | There was no objection to any of the questions
any of the questions? asked.

5. | In your opinion, has any Two of the respondents suggested that a question on
major topic been omitted? “concerns regarding a web-based strategy” be

included in the survey.

6. | Was the layout of the All respondents were satisfied with the layout.
questionnaire clear/attractive? o

7. | Any further comments? Respondents were asked to comment specifically on

the optional statements included in question 11 on
“Future Directions”. Some amendments were made
to the wording of these statements following
respondent suggestions.

Table 4.2. Summary of responses to pilot questionnaire

The pilot responses enabled the author to revise the questionnaire, such that it was ready for

main distribution.

Distribution and return of questionnaires

To distribute the survey, an email message containing a link to the survey website
(www.cita.ie) was sent to potential respondents. The questionnaire was accessed by clicking on
a web link to the survey and completing the same online. Once completed, the survey was sent
back to the author’s email address for analysis. A date was fixed for completion of the survey,
however the author extended the completion date by two weeks and regularly telephoned the
non-respondents to encourage a good response rate. A list of the recipients and respondents of
the questionnaire 1s included in Appendix B.2.

Table 4.3 summaries the research sample response rate achieved. A total of 54 responses

were received, including 29 from building suppliers and 25 from main contractors. This

Ph.D. Thesis 89 Alan V Hore




Chapter 4 — 2004 Survey: Attitudes Towards Electronic Purchasing in the Irish Construction Industry

represented an overall response rate from the suppliers’ sample of 62% and 50% from the

contractors’ sample, giving an overall response rate of 55%.

Category Questionnaires Responses % Responses
Issued
Suppliers 47 (48%) 29 (54%) 62
Contractors 51 (52%) 25 (46%) 49
Total 98 54 35

Table 4.3. Research sample: rate of responses by category

Table 4.4 summaries the tumover profile of the companies that responded to the survey. Of
the 30 large organisations surveyed, 16 were suppliers and 14 were contractors, indicating a
reasonably balanced distribution. The same distribution 1s evident for the medium sized
companies surveyed. With respect to the smaller companies that responded, the author accepts
that there is an element of bias in the responses, as no small sized contractors were invited to

complete the survey, as they were not represented in the top 100 list of construction companies

in Ireland.
Size Turnover (€M pa) Responses Responses Total
from from
suppliers contractors
Small <10 3 (10%) 0 (0%) 3 (6%)
Medium 10— 40 10 (34%) 11 (44%) 21 (39%)
Large >40 16 (56%) 14 (56%) 30 (55%)
Total responses by turnover 29 25 54

Table 4.4. Research sample: rate of response by turnover

4.3 QUESTION SELECTION

The first step involved selecting the correct wording for the questions. In order to decide on
exactly what kind of information was required from the respondents, the author decided on a
combination of close-ended questions with ordered choices, close-ended questions with
unordered choices and partially close-ended questions. There were no open-ended questions in

the survey, as it was felt that this type of question was very demanding for the respondent to
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complete, given the technical nature of the survey (Salant and Dillman, 1994). The other
reason for the avoidance of the open-ended question was the importance that the survey was
quick and easy for the respondents to complete. It also meant that the analysis of the data was

made easier.

4 3.1 Close-ended Questions with Ordered Choices

This type of question was selected, as quite specific information was required from the

responses 1n regard to:

1. The current level of ICT usage in the Irish construction industry.
Current state of awareness of ICT deployment in construction purchasing.

Expected involvement in eBusiness and the Intemet use within the next 3 years.

S A

Degree of concern in regard to the adoption of a web-based strategy for future B2B

purchasing.

43 .2 Close-ended Questions with Unordered Response Choices

This type of question was used where answer choices were provided to respondents, but they
did not fall on a continuum. Respondents were asked to choose from among discrete, unordered
categories. The respondents were asked to evaluate each choice and select the one that best
reflected their situation. The type of question was adopted as the author was knowledgeable on
the subject and thus was in a position to provide an informed choice from which the
respondents could select.

This type of question was adopted in order to obtain information on the following:

1. The extent of use of particular technologies in sales/purchasing of construction
materials. Respondents were given a choice of 11 technologies, for example, bar
coding, extranets, smart cards etc. from which to choose and were asked to further
identify the extent of the use of these technologies within their B2B purchasing

transactions.
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2. The concems that the respondents had with the adoption of a web-based strategy for
B2B purchasing transactions. Only those respondents, who had indicated that they
had a concern, were further asked to select from an informed list of concems
provided by the author. The purpose of this question was to identify the factors that
most concerned the respondents in regards to the use of a web-based purchasing
Strategy.

3. The opinion of the respondents with regard to a range of 9 statements designed to
reflect likely future developments in EC in the Irish construction industry. The
respondents were asked to indicate whether their position on each statement ranged

from strongly agree to strongly disagree.

Close-ended questions with unordered response choices were also used to ask respondents
to rank items. This methodology was adopted in order to gain information on the main drivers
and barriers to the adoption of electronic purchasing in the Insh construction industry. Once
again, respondents were given an informed choice of drivers and barriers from which to choose,
and to rank. In addition, respondents were given the opportunity to add in additional drivers and
barriers of their own choice.

This type of question was selected, as quite specific ranking information was required from

the responses with regard to: -

1. The drivers, which attract or are likely to attract an organisation to apply existing
technologies in construction purchasing.
2. The barriers, which undermine the use of ICT in construction purchasing both within

an organisation and within the overall Irish construction industry.

433 Partially Close-ended

Partially close-ended questions provided a compromise between the open-ended and the close-
ended questions. Although answer choices were provided, respondents were given the
opportunity of creating their own responses. This type of question was selected, as information

was required from the responses with regard to:
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1. The current level of ICT usage in the organisations B2B purchasing transactions. In this
question respondents were asked to give specific examples of ICT deployment in
electronic purchasing.

2. The respondent’s willingness to apply existing technologies in B2B transactions. The
respondents were asked initially to indicate whether they were unwilling, willing or
currently applying ICT in construction purchasing. With this question respondents were
asked to provide commentary to justify their close-ended response.

3. The impact of EC on strategic planning of construction businesses in Ireland. With this
question respondents were asked to provide commentary to justify their response.

4. The respondent’s perception on the increasing significance of EC over the next 3 years.

With this question respondents were asked to justify their response.

44 ANALYSIS OF RESULTS

4 4.1 Error Structure

It 1s important to clarify that sample surveys, such as this one, are not precise, as this type of
survey produces only estimates of people’s opinion (Salant and Dillman, 1994). Since the
survey was confined to the top 150 Irish construction companies, the results are only valid for
that part of the industry. Therefore, inferences made from the sample response relates only to
the ‘large or medium’ turnover end of the industry. The survey was not targeted at the smaller
sized companies, thus no informed conclusions can be drawn about the use of ICT in these
companies. As the sample aimed for full coverage of the defined population, no random
sampling was therefore required. Dillman (1994) reminds researchers that findings from postal
or online questionnaires are only estimates of the population characteristics, as researchers only
survey a sample rather than the entire population.

The author described earlier that the defined population was the top 150 companies in the
Irish construction industry, evenly distributed between suppliers and contractors. 37% of
suppliers and 32% of contractors either declined to participate or could not be reached. This

resulted in an overall research sample of 98 companies, made up of 47 suppliers and 51
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contractors. A total response rate of 55% was achieved overall. This equated to 62% of
suppliers and 50% of contractors who agreed to partake in the survey (see table 4.3).

However on further analysis (see Table 4.4) it can be seen that there was a balanced
distribution of responses received from both the suppliers and contractors, both in terms of
overall numbers and also in terms of company turnover. The author, therefore, can reasonably
conclude that there is no bias in the overall results obtained from either the supplier or the
contractor categories.

Where necessary the author will point out results that are especially sensitive to error for

one reason or another.

442 Method of Analysis

Tables for each question are presented in detail in Appendix B.3. For a number of the questions,
the results are analysed using rank correlation and cross tabulation statistical techniques. Rank
correlation allows a numerical measure of the degree of similarity between the rankings of
characteristics or factors in two different populations (in this case contractors and suppliers).
The statistical significance of the rank correlation co-efficient is tested for each of these
questions. All calculations are included and discussed in Appendix B .4.

Cross tabulation of the results of two different but related questions, allowed an analysis of
the similarity or difference in responses to one question for sub-groups of responses to another
question. This statistical technique is applied when comparing the responses to particular

questions, in order to validate the accuracy or consistency of the responses received.

443 Analysis of the Results

The author adopted a descriptive method of analysing the results. This included the following
steps:

Step 1: Restate the question.

Step 2: Present the analysis of the results in the form of a table, bar chart or pie chart.

Step 3: After analysing and presenting the results, the author comments upon and interprets

the results.
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For the purposes of brevity, choices provided by the author in the question will not be

restated but referred to in the analysis of the results.

Question 1: In your opinion how would you rate the current level of ICT usage in the Irish

construction sector?

This close-ended question provided the respondents with an ordered choice of poor,
satisfactory, good or very good. For the purpose of the survey, ICT was defined as “any
computer hardware or software that collects, processes, stores, analyses, and disseminates

information for a specific business purpose” (Leenders et al., 2002).

Table 4.5 shows that the majority of both groups were of the opinion that the current level
of ICT take-up in the Irish construction industry was poor to satisfactory, with only an average
of 7% rating ICT up-take in the Irish construction industry as good or very good. It is

interesting to note that the sample knew that they were poor in their level of ICT usage.

Contractor Supplier Overall
Poor 56% 52% 54%
Satisfactory 35% 41% 39%
Good 9% 7% 7%
Very Good 0% 0% 0%
Total 100% 100% 100%

Table 4.5. Level of ICT usage in the Irish construction industry

Question 2 : Please indicate how you would rate the current level of ICT usage in your

organisation’s business-to-business purchasing transactions

This question was a partially close-ended question, which gave the respondents the opportunity
to indicate if their internal ICT usage could be categorised as no use, little use, some use,
moderate use or regular/constant use. The question was partially open as it gave the respondents

the opportunity to justify their choice of usage by providing commentary.

Ph.D. Thesis 95 Alan V Hore




Chapter 4 — 2004 Survey: Attitudes Towards Electronic Purchasing in the Irish Construction Industry

Figure 4.2 presents the overall results, which indicates a relatively low level of ICT use

within the respondent organisations. The overall usage of ICT reported in construction

purchasing was moderately higher overall in the supplier group, in comparison to the contractor

group.

100% |

90% ————

80% +———
70% +—

Bl
50% |
T

g
20%
10%
0%

No Use

Litle Use Some Use Moderate Regular or

Use Constant
Use

B Contractors

1 Suppliers

Figure 4.2. Current level of ICT usage in B2B purchasing transactions

From an analysis of the results, the following observations can be made.

1. 52% (24%+28%) of the contractors surveyed indicated that they adopted little/no use of

ICT in supporting their B2B purchasing transactions. This figure compared to 41%

(3%+38%) of the suppliers surveyed. This would suggest that the majority of the

respondents are, in fact, adopting some level of ICT to support their B2B purchasing

transactions.

2. On average, 19% ((24%+14%)/2) of respondents indicated that they used ICT regularly

to support their B2B purchasing transactions. This was supported by commentary from

the respondents, in particular from the suppliers, who indicated that they regularly
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purchased raw materials from their suppliers via the Internet. Many of the very large
companies also indicted that they had been using ERP software for a number of years to
support their business processes.

3. A number of the contractors suggested that very few of their suppliers had an EDI
capability, unlike the retail sector.

4. The majority of respondents, who commented on the question, confirmed that they
routinely used standard industry software and email to support their B2B purchasing
function. In some instances, respondents had developed their own bespoke software
solutions.

5. The author can conclude, with confidence, that there is a relatively low level of
sophistication in ICT usage to support B2B purchasing transactions. Only 24% and 14%
respectively indicating a regular or constant usage of ICT in the contractor and supplier

research sample.

Question 3: Please indicate your current state of awareness of ICT deployment in construction

purchasing

This close-ended question provided the respondents with an ordered choice of not aware,
somewhat aware (heard/read about it), aware (participated/tried some of these activities), |
moderately aware (occasionally use it as receiver or generator), very aware (use it as a matter of
course frequently) of ICT deployment. The purpose of this question was to gauge if the
respondents were aware of the ICT options/choices currently available in the market. |

Figure 4.3 presents the overall results, which indicate that there was a low level of “
awareness among the respondents of the technologies currently available to support B2B

purchasing transactions, resulting in their evident lack of use.
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Figure 4.3. Current state of awareness of ICT deployment in construction purchasing

From an analysis of the results the following can be concluded.

1. The results indicate that there was a very close correlation, with respect to the level of
awareness, between the responses from both the suppliers and the contractors, with a
large majority of both groups indicating that they were aware of the technologies
currently available to support their B2B purchasing function. However, the results
would indicate that there is a need for education and training to improve the overall level
of awareness.

2. The results should be treated with caution, as there was an underlying assumption made
by the author, that the research sample was fully aware with respect to what

technologies are currently available.
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Question 4: Please indicate your willingness to consider applying existing technologies in your

business-to-business transactions

This partially close-ended question provided the respondents with the opportunity to indicate if
they were: unwilling to consider applying existing technologies, willing to consider applying
existing technologies, or currently applying existing technologies in purchasing processes.

The purposes of this question were mainly twofold. Firstly, to gauge whether there was an
appetite to adopt existing technologies (as defined by the author in the question). Secondly, to
compare these results against the results obtained from Question 2, where respondents were
asked to indicate the level of usage of ICT to support their B2B purchasing transactions. The
results of this question are made more credible by cross tabulating the responses to this question
with those received earlier for Question 2. In addition to the response required conceming their
level of willingness, respondents were asked to provide commentary to justify the responses
provided.

The results are shown graphically in Figure 4.4. Using Table 4.6 and the statistical
technique of cross-tabulation, the following interesting observations can be drawn by
comparing the responses of this question, with those of Question 2:

Unwilling to consider
applying existing

: technologies at
Currently applying present moment

existing 4%
technologies in J
purchasing
processes
39%

Willing to consider
" applying existing
~ technologies
57%

Figure 4.4. Willingness to consider applying existing technologies in B2B
transactions
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Question 4
Please indicate your willingness to

Leading diagonal of values
Question 2
Please indicate how you would rate the current level of ICT usage in your BZB/
purchasing transactions
No use | Little | Some | Moderate | Regular Tllyial
= (SN s =
P Unwilling [~ 1 0 0 0 (2)
| Vertical % 43l 56 0.0 0.0 0.0 37
S _ |Horizontal % | 50.00 5600 | 00 0.0 0.0 100.0
ok BREC |
£ £ | Willing (6) | (12) . : 3 [(31)
2 & | Vertical % g57 | 867 | 615 [™~333 300 |[574
2 & [Honzontal% | (193) [ (387) | 258 65~_| 97 |[1000
S =
£ & [Applying 0 (5) | (5) 4 7T~ (1)
Z 5 | Vertical % 00 277 385 66.7 70.00 389
& 9, [ Horizontal % 00 [(238) [(238) | 190 334 100.0
St
é Total 7 18 13 6 10 54
g Vertical % 1000 | 1000 | 1000 100.0 1000 | 100.0
“ Horizontal % | 129 334 24.0 111 18.6 100.0

Table 4.6. Cross-tabulation of Question 2 and Question 4

Only 2 respondents indicated an unwillingness to consider applying existing
technologies at the present moment. One of the respondents commented that there were
no suitable ICT options currently on the market. The other respondent commented that
they would need to replace their current ICT infrastructure before they would look at
particular supporting B2B purchasing solutions.

Of the 31 companies that indicated they were willing to consider applying existing ICT
in B2B purchasing transactions, the horizontal results shows 18 (6+12) companies or
58% (19.3%+38.7%) indicating little/no use of ICT in B2B purchasing transactions. Of
the 21 companies who reported that they were currently applying existing technologies
in their B2B purchasing transactions, the horizontal percentage shows 10 (5+5)
companies or 47.6% (23.8%123.8%) rating their use of ICT in their B2B purchasing
transactions as little or some use (see values circled in Table 4.6).

Table 4.6 shows that the highest values on the leading diagonal indicate consistency.

There were however, some inconsistent responses with high values off the leading
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diagonal which suggests a misinterpretation of Questions 2 and 4 by some of the

respondents.

Question 5: Would you agree that e-commerce has significantly affected the strategies of

construction businesses in this country?

This partially close-ended question provided the respondents with the opportunity to indicate
that they were either in agreement or disagreement that EC has significantly affected the
strategies of construction businesses in Ireland. The purposes of this question were twofold.
Firstly to gauge overall, how important ICT is to these companies in formulating a business
strategy and secondly to see if there was a divergence of opinion between the contractors and
suppliers, in positioning ICT centrally in their strategic planning. Allied with the close-ended
question, respondents were encouraged to provide commentary to justify their agreement or
disagreement as to the strategic significance of EC.

The results are shown graphically in Figure 4.5.

Yes
28%

Figure 4.5. Affect of eCommerce on the strategies of construction businesses in Ireland

From an analysis of the results the following observations can be made:

1. 72% of the respondents disagreed that EC has significantly affected the strategies of
construction businesses. This percentage level was confirmed by both the contractor and

supplier samples.
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2. The results of this question suggest that EC does not feature highly in the industry’s
strategic thinking at the present moment. It will be seen later in this analysis that the
respondents treat ICT more as a business tool to improve productivity levels than think
of ICT strategically.

3. Thomas (1999) found that only 12% of contracting firms surveyed were of the opinion
that ICT can influence business strategy. The majority of those surveyed in 1999 did not
have or did not intend to adopt an ICT strategy.

It is important for the author to mention, that the respondents were mainly IT managers and
thus may not have been the best people to respond to this type of question. As a direct result,
the author cannot rely on the accuracy of the results from this sample with respect to the

responses received for this question.

Question 6: Do you expect an increasing significance of e-commerce over the next three years?

The results are shown graphically in Figure 4.6.

No
24%

Yes
76%

Figure 4.6. Do you expect an increasing significance of eCommerce over the
next three years?
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From an analysis of the results the following observations can be made :

1. 76% of the respondents were of the opinion that they expected an increasing
significance to be placed on EC over the next three years. This would indicate that
perhaps there is a change of attitude towards EC, as to the benefits that it could bring to
Irish construction companies in the short term.

2. A number of interesting comments were made by the respondents, such as :

a. ‘As more government clients seek to achieve online targets, the construction
industry will be forced to adopt new technologies’.

b. ‘The increasing use of the Revenue Commissioners Online Service (ROS) and
web banking has proven the benefits of e-commerce and has reduced our
administration costs’.

‘Clients and the larger contractors are driving change’.
d. ‘People will always adapt to change in an effort to secure a bigger piece of the

market’.

The results of this question suggest that the research sample are aware of the importance of
EC and the importance that the Irish govemment are placing on EC in recent years. A number
of the respondents confirmed that they are already partaking in EC activity, albeit they mainly

spoke of EC technologies as supporting purchases of stationary and electronic banking.

Question 7: To what extent does your company make use of the particular technologies in the

sales/purchasing of construction materials?

This close-ended question had unordered technology choices from which the respondents could
indicate their level of use. The purposes of this question were twofold. Firstly to gauge the
extent of use of particular technologies, and in particular, to establish which technologies were
the most widely adopted by the research sample. Secondly to capture the samples’ experiences

with the use of such technologies.
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The results of this can be seen in Figure 4.7.

78%
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60% 1
B Always
50%
40%
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30%
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Systems (EFT) (ED) (XML)
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Figure 4.7. Use of particular technologies in sales/purchasing

Note: The most widely adopted technologies are presented in the order of use from left to
right of the chart.

From an analysis of the results, the following observations can be made:

1. 36% of the sample indicated that they were using ERP software either always or most
times to support their B2B communications and 78% of the sample confirmed that they
had used Electronic Funds Transfer (EFT) software.

2. On further analysis, it was evident that there was a marginally greater use of existing
technologies in the supplier’s research sample, in comparison to the contractor’s sample

(see Figures 4.8 and 4.9).
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Figure 4.8. Supplier’s use of particular technologies in sales of matenals
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Figure 4.9. Contractor’s use of particular technologies in purchasing of materials ,

!
3. It can be seen from Figures 4.8 and 4.9 that 39% of the suppliers had an ERP capability, f
whilst only 20% of contractors confirmed that they had an ERP capability. This is not ‘

surprising, as the use of ERP systems by contractors is only a relatively new
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development in recent years. Large supplier of materials in Ireland, such as Cement
Roadstone Holdings, Heiton Buckley, Brookes Tomas (Wolseley), Grafton Group,
Kingspan are established multi-national companies with an established ERP capability
for a number of years.

4. The suppliers also used bar coding and hand-held computers extensively to facilitate
goods inwards and order entry. Figure 4.9 shows that the contractors’ overall level of
usage of particular technologies was significantly lower than the suppliers’.
Technologies most widely used included the Internet, EFT software and electronic
catalogues.

5. The responses to this question suggest that there is more widespread use of sophisticated
technologies by suppliers, in comparison to the contractors surveyed, while usage is low
overall. Many of the suppliers surveyed did agree that there was a demand for electronic
trading within the construction industry and commented that their industrial customers

were far more advanced.

Question 8: How is your company’s involvement in eBusiness and the use of the Internet

expected to change within the next three years?

This close-ended question provided the respondents with an ordered choice of: great increase
expected, little increase expected and no increase expected. The results of this can be seen in

Figure 4.10.

No Increase Expected
4%

Little Increase Expected
37% S

\_ Great Increase Expected
59%

Figure 4.10. Expected level of change in eBusiness over next three years
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From an analysis of the results the following observations can be made:

1. 59% of respondents were of the opinion that a great increase in eBusiness and the use of
the Internet was expected within the next three years. However, the remaining 41% were
not of the opinion that their businesses would be taking an active part in eBusiness
within the next three years. The author was surprised that this figure was so high,
suggesting a worrying level of apathy among the sample surveyed.

2. It was interesting to compare the results of this question, with those responses received

in Question 3, 6 and 8. This comparison is shown in Table 4.7.

Question 3 Question 6 Question 8
Current state of awareness of | Increasing significance Company’s involvement in
ICT deployment of eCommerce over eBusiness and Internet over
next three years next three years
g S g
g g & g |8 | & g | B %
=] a. —~ = a. =~ B a. &
= Q. o = a, 154 = a, 14
Q =] - o = - (@] = >
@) wn < &) n ;,\ O n <
Notaware [ 8% | 3% | 5% | Yes| 76% | 76% (76% | Great 64% | 54% | 59%
increase .
Somewhat 36% | 41% | 39% | No | 24% | 24% | 24% | Little 36% | 38% 37%
aware increase
Aware 24% | 24% | 24% No 0% 8% 4%
increase

Moderately | 16% | 24% | 20%
aware

Very 16% | 8% @

aware

Table 4.7. Comparison of responses from Questions 3, 6 and 8

The results of Question 6 showed that 76% of the sample predicted a significant increase
in EC in the construction industry within the next three years. On further questioning, in
response to Question 8, this same group predicted that their own company involvement in
eBusiness would significantly increase within the next three years. However, the results of
Question 3 show that only 12% of the sample were aware of ICT capabilities to deliver

eBusiness (see values circled in Table 4.7).
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As may be seen from Table 4.7, 41% (37%+4%) sample expected little or no increase in
EC activity in their businesses over the next three years. The author finds it difficult to see
how such a large percentage could predict little to no use of the Intemet and eBusiness over
the next three years. Perhaps there are practical reasons that should be investigated as to
why this is the case (see values circled in Table 4.7).

In order to investigate this matter further, the author compared the results of this
question to the results obtained from Question 4. Using the statistical technique of cross-
tabulation, some interesting observations can be drawn by comparing the results of the
samples’ willingness to adopt existing technologies against their expectations of their use of
such technologies over the next three years. This cross-tabulation is summarised in Table

48.

QS8
How is your company’s involvement in eBusiness and the use of the Internet
expected to change within the next 3 yrs?
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$& | Vertical % 100.0 10670 100.0 100.0

A= Horizontal % 3 370 593 100.0

Table 4.8. Cross-tabulation of Question 4 and 8.

The data in Table 4.8 can be analysed in two ways. The vertical percentages show, for

example, that of those who are expecting a great increase in the use of the Interet over the next
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three years, 40.6% are willing to apply existing technologies in their B2B purchasing
transactions, while the remaining 59.4% are already applying these technologies.

The horizontal percentages show that of those who are applying the technologies, 90.4% are
expecting an increase in Internet eBusiness usage over the next 3 years. The results suggest that
there is quite a high level of willingness to applying existing technologies to support their B2B
purchasing transactions in the sample. The results also show that out of the 20 organisations
that predicted little increase in their use of the Internet over the next three years, 85% of them
remained willing to applying existing technologies to support their B2B purchasing
transactions.

Once again Table 4.8 shows a consistency in the responses, as the author would expect a

leading diagonal from top left to top right of increased values as shown on Table 4.8.

Question 9: Does your company have concerns over adopting a web-based strategy for future

business-to-business purchasing transactions?

This close-ended question provided the respondents with an ordered choice of yes or no. The

results of this can be seen in Figure 4.11.

No
46%

Yes
54%

Figure 4.11. Does your company have concerns over adopting a web-based
strategy for future business-to-business purchasing transactions?

It is well documented in recent years that there is a great concern among businesses
conceming the use of the Intemet to trade. This concem is founded on a perception of poor
security, high costs, legality and the high costs associated with adopting a web-based

purchasing strategy. The research sample were largely divided in their responses, with 54%
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indicating that they were concermned about the adoption of a web-based strategy for future B2B

purchasing transactions.

Question 10: If Yes to question 9, what are / have been your company’s concerns with regard to

adopting a web-based strategy for business-to-business purchasing transactions?

This partially close-ended question provided the respondents with an unordered choice of
concemns from which they could identify as most concemed; moderately concemed or not
concemed. The purpose of this question was to identify specifically the key concemns of the
research sample, with respect to the adoption of a web-based strategy.

The results are shown graphically in Figure 4.12.

Lack of available funding

Lack of awareness

Traimng and mabihty to use

technology
Total costs
B Most Concerned
Need for critical mass buy-in 8 Moderately Concermned
O Not Concemed

Legal implications

Interoperability between transaction
parties

3415
=

Inadequate eBusiness

Security of sensitive data |

— T

0% 10% 20% 30% 40% 50% 60% 0% 80% 90% 100%

Figure 4.12. Concemns with regard to adopting a web-based strategy for purchasing

From an analysis of the results presented for Question 10, the following observations can be

made:

1. It is evident from Figure 4.12 and from Table 4.9, that security of sensitive data, and
customers/suppliers not possessing adequate eBusiness capabilities were the main
concems of both groups. Both groups of respondents agreed on the level of concem in

respect to security of sensitive data (with 41% for suppliers and 40% for contractors),
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however the suppliers appeared to be more concemed (41%) than the contractors (32%)
in respect to the adequacy of their supply chain in having an eBusiness capability (see
values circled in Table 4.9).

2. A larger proportion of suppliers, in comparison to contractors, were of the opinion that a
lack of interoperability between transaction parties was a key concem. The sample was
less concerned about a lack of knowledge, availability of funding, training and the need
for critical mass buy-in. This would suggest to the author, that the sample was not afraid
of change and the costs associated with the web-based strategy. It also suggests that the

sample is very conservative in their approach to adopting a web-based strategy.

Concern Contractors Suppliers

= - s o)

£ >g | & £ >g | &

S 82| 8 3 22 |9
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T g © T g
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> Z > z
Lack of awareness or knowledge of | 8% 24% | 24% 3% 34% 17%
Internet capabilities
Customer / supplier may not 32% 20% 4% 41% 10% 3%
possess adequate eBusiness Q U
capabilities
Lack of available funding 4% 28% | 20% 0% 41% | 20%
Total costs 24% 20% 8% 17% | 24% 12%
Security of sensitive data @ 12% 8% @ 10% 7%
Interoperability between transaction | 24% 24% 4% 37% 17% 0%
parties
Legal implications 16% 28% 8% 24% 17% 14%
Training and inability to use| 12% 32% 8% 3% 34% 10%
technology
Need for critical mass buy-in 16% 32% 8% 24% | 34% 7%

Table 4.9. Concerns over a web-based strategy
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Question 11: Please rank in order (1-10) the following factors, which attract or are likely to

attract your organisations to apply exisiing technologies in construcition purchasing.

This was a closed-ended question, with unordered choices of drivers, from which the

respondents ranked from 1-10 (one is referred to Table 4.10 for choices provided to the

respondents).

The overall results of the ranking, together with the unordered choices, are shown in Table
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