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1.0 Introduction

1.1
Generally

When analysing sustainability it is important to understand what this term means to each industry it is used within. Within the construction industry sustainability is recognised as either the use of ecologically sustainable materials (ESD) or the practices employed to continue to develop and maintain a future role within the industry.

For this report I will explore the sustainable future of construction industry practitioners, and argue the point that “change” and “adaptation” is the key to securing a sustainable future.   

Chutter (1999) states a half-century perspective suggests that "change"' is the operative word in construction and that the rate of change is accelerating. Chutter (1999) continues to explain the reason for this change is because if practitioners don't adapt, they will stagnate or perish.

Technology within the construction industry continues to grow, with more and more wonderful tools being created and implemented every day. In order to understand why technology continues to grow at such at rate, it is important to understand its history and primary drivers.  

1.2 History
If technology may be defined as the application of knowledge and resources to meet human needs, then studying the history of technology is the pursuit to understand how and why technology has affected our daily lives. Technology is a revolutionary force in our physical, financial, environmental, and social conditions. Studying the ages of technology reveals how human tool use, invention, and innovation led to today's conditions. (Fitzgerald, 2002)

Perhaps by studying the history of technology, we may also be able to predict the future. (Fitzgerald, 2002) In studying the history of technology the following ages can be used to summarize – Stone Age, Agriculture Age, Industrial Revolution, Space Age and the Information Revolution.

1.2.1 The Stone Age

During this time, humans used and made tools from their natural environment, stone tools being particularly characteristic of the age. Flint was the primary technological trigger of this age. The secondary trigger of this age was the application of fire. The technology of this age made use of the natural materials that were available. Other materials available to early humans included leather, bone, ivory, antler, and wood. (Fitzgerald, 2002)

Invention and adaptation led to the development of localized tools. Such factors as local materials, climate, geographic location, and the availability of suitable food and resources led to variations in basic tool types. Humans also made advances in transportation with the invention of boats and the wheel. The architecture and construction technology of the time consisted mainly of caves and temporary homes made from stones, mud, bones, sticks, hides, and so forth. (Fitzgerald, 2002)

1.2.2 The Agricultural Age
During this time, humans learned how to use ceramics and such metals as bronze, copper, and iron, which is why this age is sometimes also referred to as the Metal Age. (Fitzgerald, 2002) As agricultural peoples gathered, they formed small communities. Community life led to such specialized cottage industries as farming, smithing, weaving, shoe making, wheel making, weapon making, carpentry, and so forth. In other words, in the agricultural age is found the earliest beginnings of civilized social structures as we know them today. (Fitzgerald, 2002)

1.2.3 The Industrial Revolution
The invention steam engine led to powered equipment and tools. Its spin-offs included mass-produced goods and products of unlimited variety. Advances in locomotion later helped make farming faster, easier, and cheaper. Offsetting the unemployment of farm labourers this development led to the creation of jobs in the factories that produced the items the new society was consuming. City populations exploded as people moved from the farms in order to obtain work and wages. (Fitzgerald, 2002)

Towards the end of the Industrial revolution as electricity became the dominant power source, an explosion of advances occurred in the transmission and control of energy, leading to motion pictures, electric lighting, radio, telegraphic communications, electric motors, turbines, and generators. This development helped extend the workday by lighting homes, streets, and factories. (Fitzgerald, 2002)

Thus the industrial Revolution can be attributed for much of the way our lives are lived today. I.e. Densely populated cities requiring huge demands and outputs.

1.2.4 The Space Age
The space race between the Soviets and the United States led to an explosion in society-- benefiting technological spin-offs, including composite materials applications, propulsion systems, satellite communications and surveillance, cordless tools, and early computer technology, to name a few of the advances made related to meeting the needs and problems associated with space exploration. (Fitzgerald, 2002)

1.2.5 The Information Revolution
Brought about by many key developments in the transmission, storage, display, and control of information – It is thought of by many people as the age of the computer, what with the internet, software, and various other computing accessories and hardware. (Fitzgerald, 2002) Our ability to create virtual models makes it possible to simulate products and scenarios never before seen, an ability that allows engineers and designers to produce better products. (Fitzgerald, 2002)

Fitzgerald (2002) states key developments in the Information Age are felt in transportation, manufacturing, communications, and construction. Through advances in computing we can build virtual models of structures, automobiles, and products. In manufacturing lasers, robots, computer-aided design, and computer controlled equipment have increased the quality and volume of products, while lowering their costs. 

1.2.6 History Conclusion
In understanding why, when and how technological advances have occurred throughout history, a basis or bench mark has now been established to compare how the construction industry will adapt and change over the following years to suit the current day trends and changes in society, technology and user requirements, thus ensuring a continued flow of work and maintaining a sustainable future. 

2.0 Aims

The aim of this report is to explore the sustainable future of construction industry practitioners, and argue the point that “change” and “adaptation” is the key to securing a sustainable future.

3.0
Objectives
The objectives of this report in addressing the statement included within section ‘2.0 Aims’ of this report include:

· Researching and collecting of data relevant to the topic and pertinent to testing the statement.

· Using specific examples discovered in the research to demonstrate that a change has already begun and companies are already considering their furture.

· Give examples of specific techniques, products or technology which are likely to be introduced and change current construction practices, thus ensuring a sustainable future.

· Specifically concentrate on IT and e-commerce changes likely to greatly change the future of the construction industry.

4.0
Industry Changes
  

Chutter (1999) states a half-century perspective suggests that "change"' is the operative word in construction and that the rate of change is accelerating. Chutter (1999) continues to explain the reason for this change is because if practitioners don't adapt, they will stagnate or perish.

Contractors and design firms by the nature of their work are in a precarious business. Many don't make it past the first decade, much less to the 100-year mark. The histories of many firms that have made that grade show that they all faced the same problems at the beginning -- undercapitalization, risky jobs and narrow markets. What allows successful firms to move from generation to generation is a plan for management succession and innovation. (Anonymous, 2002) 

Further to this Chutter (1999) states in recent years the pace of change has accelerated. Chutter (1999) also goes on to state the lesson to be learned from this, as the industry faces the new millennium, is that members must learn to adapt even more quickly than in the past if they and their companies are to survive, let alone thrive.

Further to this it was also stated innovation not only moves a particular firm ahead but also the entire industry. (Anonymous, 2002) Changes in the market which required innovation and adaptation included the size and complexity of individual projects,  (Chutter, 1999) whilst some traditional markets declined, while new "niche" or "boutique" markets flourished. Renovation work (often requiring different skills and organizations) increased in importance. (Chutter, 1999)

Chutter (1999) went on to state all of which meant that construction companies had to respond quickly to changing demands for construction services and perhaps move to new locations in order to maintain or expand their business. Chutter (1999) also continues to state the construction process will continue to evolve to where the industries future markets will be located. Finally in arguing that the construction industry is continually changing Chutter (1999) simply states survival and progress will go to those who are best able to adapt to changing conditions.

As demonstrated above, both Chutter (1999) and Anonymous (2002) have simply identified the likely hood of the industry to continue to change and evolve as it has done for many previous decades. It is my belief that companies which embrace this change and evolution will be securing a sustainable future

5.0 The Paper Based System
Each time information is exchanged, accessed, or manipulated, project time is expended and project resources are consumed. (Back and Moreau, 2001) Back and Moreau (2001) state further information may be shared by several means, including phone, postal mail, e-mail, fax, memo, or accessing a storage location. The time and effort required to share information by these and other methods vary considerably. The extent to which the shared information reaches all those who could utilize the information also varies significantly. The objectives of information sharing require that updated information be immediately accessible to anyone in the company at any time or location needed. It also requires the instantaneous movement of information from one source, location, user, or medium to any other. 

Historically, companies have developed paper-based, functionally centred systems to manage information (Huff, 1992). According to one study, approximately 1% of a corporation's data is in a computer system available for processing, while 99% is non-coded in the form of paper, microfiche, or other media (Kingman, 1990). A separate study indicated that only about 5% of a firm's documents is in digital form and able to be stored and accessed electronically (Keen, 1991).

Teicholz and Fischer (1994) stated that such paper-based design is difficult to coordinate and may fail under time constraints. Other ramifications include processing or retrieval delays, lost documents, misrouted forms, and storage problems (Kingman, 1990). A paper-based process is also prone to errors since data is extracted, transferred, interpreted, and repackaged (Teicholz & Fischer, 1994). 

Information access frequently requires a person to physically sort through files, drawers, or other paper storage locations and to actually remove the documents to use directly or to copy. Not only is this effort extraordinarily time consuming, but also is often unsuccessful. The information sharing objectives require that access to information become much more effective and efficient, essentially becoming instantaneous. (Back and Moreau, 2001)

Back and Moreau (2001) states the moving of information from one point to another is becoming more and more electronic. For example, it was just a few short years ago that designers relied on postal services to transport documents from the design organization to the construction contractor organization or to the construction site itself. Even documents moved from one point to another within the same organization typically required either personally carrying the document to its destination or submitting it to the organizations own internal mail system. Clearly, in today's corporate culture, such processes are far behind the leading-edge electronic solutions. Opportunities for the instant exchange of information are endless.

To eliminate or minimise some of the gaps in today's information flow companies in many industries are increasingly spending significant amounts of money. Information has been referred to as the "lifeblood" of the modern business enterprise (Kingman, 1990). Compton (1994) claims that companies making effective use of IT and computers will remain or become their industry's leaders.

Back and Moreau (2001) state the basis for these claims is rooted in the idea that improved information management can effect performance improvements, influence business partners, and enhance a company's influence on the global market.

Back and Moreau (2001) state further similar improvements have been attributed to investments in information management with specific regard to project management practices. For example, Miyatake and Kangari (1993), again speaking directly to the engineering and construction industry, stated that IT must be viewed as an important resource in today's professional practice and that the automated flow of information is of vital significance. These authors also paraphrase the claim made by Choi and Ibbs (1989) that it is "the efficient integration of information technology into application systems that is of greatest economic relevance to the construction industry."

6.0 IT and E-Commerce

6.1
Generally

Davis (2000) states the most common use of the Internet is communication via e-mail. More and more organisations are creating corporate Web sites to market their products and services. We can research materials, companies, new projects, and the purchase of items on-line such as books, clothing, music, and more. This fast growing use of the Internet, called e-commerce, allows business clients and consumers to conduct transactions via the Internet. E-commerce serves as a solution for the consumer, but what about solutions for the Architectural, Engineering and Construction Industry? 

The construction industry is typically slow in its uptake of new technology. However far reaching benefits of e-commerce are getting harder and harder to ignore and it seems that almost every day, there is news of a new player stepping into the world of e-commerce. What the industry will look like in a year from now is anyone’s guess. (Casey, 2000)

Casey (2000) goes on to say e-commerce will change the way the building industry will work. It will change the way people buy things and will change the nature of the building industry itself. It will be a way of doing what we do now but doing it more efficiently.

E-commerce has the potential to transform the building and construction industry as we know it, US research companies claim the companies have been able to reduce their transaction costs from $US100-125 per order to $US10-15 using e-commerce. (Casey, 2000)

Krix (2000) also confirms IT and e-commerce are changing the way the building and construction industry does business. Krix (2000) also goes onto state that it is an essential and important technology that acts as a powerful communication and information transfer tool, business must be prepared to change and adopt the current tools available. The direction the industry is going is yet to be clearly defined and seems to be a concept always on the cusp of revelation. The evolution of software, the marketplace, and the forces of buying and selling which motivate decisions of change within, contribute to this constantly changing environment.

Davis (2000) states the entire project team, from the client to the subcontractors benefits from an e-business solution for managing their projects. The client has increased project accountability and control by instantly being able to review the status of their project sites. The client also benefits by accelerating the time to develop the building by using design build delivery methods, and properly managing the project. Architects and engineers in physically disconnected environments benefit from e-business solutions by increasing the design productivity through their ability to share and comment on designs in real time. Building contractors benefit from e-business solutions by instantly disseminating information, while maintaining detailed electronic documentation of the on-going processes, and ultimately minimising risks on the project. Subcontractors and suppliers benefit by getting answers to their questions more quickly, thus enabling their productivity levels to increase. Beyond the benefits to the project, e-business solutions also serve as an excellent marketing and business development tool. In today’s competitive environment, those who adopt this technology can set themselves apart from their competition. Demonstrating leading edge capabilities, the ability to properly manage complex projects, and concern for your clients interests, can increase business opportunities.  

E-marketplaces are emerging in the construction industry to focus on three major areas; project collaboration, project management, and procurement / commerce. The work flow around collaboration, communication and procurement creates many opportunities for new business practices to emerge. One of the long term benefits that e-markets can provide to a building life cycle is that collaboration can become real time and occur throughout the planning and building process. (Krix, 2000) 

Krix (2000) however also states e-marketplaces in construction that hope to revolutionise the building process must provide tools that give the targeted buyers and sellers enhanced collaboration, broader and more robust bidding and buying processes for materials and subcontractors, and more complete, timely and accurate project information to all participants.

6.2
New Technology

One major technological advance in e-commerce is the creation of “portals”. These portals which will be specific to the building and construction industry, will be used to buy and sell on line, to house on-line catalogues, to submit orders and quotes and to assist with project management. (Casey, 2000) Essentially it means you could get firms from anywhere in the world bidding for jobs and for supplies, this will make business a lot more competitive. (Casey, 2000) Even subcontractors such as James Hardie will use the portal to allow customers to view product catalogues, access electronic information on process and availability, place orders, track order status and deliveries, check inventories and complete transactions. (Casey, 2000) 

In order to demonstrate that “portals” will play a major part in changing the construction industries future – An analysis of the new software will demonstrate the commitment many companies have made to the development of portals and the wide ranging capabilities of these programs.

6.2.1 Meridian Project Systems “Project Pack”

Davis (2000) states Project Pack is a suite of software that includes the latest version of Prolog Manager, Prolog Website, Prolog Pocket and Prolog Executive, the Project Pack allows the control and management of all data from a site, in the field, or through the Internet. The pack is designed for a complete enterprise with software for the Internet, Desktop’s, LAN/WAN, and handheld computers.

Davis (2000) also goes on to state the latest version takes that standard to a new level with multi-project control of procurement, cost controlling, document management, collaboration, and field management within a single application.

6.2.2
Databuild
Databuild is a sophisticated business system that allows users to:

· Import orders, quotations and price lists from e-mailed files

· Retain prior order/quote and accounting history

· Display and print orders or quotations in Databuild format

· Act as a front end for internet pricing services such as Quotepad.com 

· Hold an estimating price list and individual supplier price list

· Build up job orders from scratch

· Share pricing and quantities with other builders or suppliers (Davis, 2000)

6.2.3 TSC LODEX Software

Davis (2000) states LODEX provides builders, surveyors, and land developers with a management accounting system that creates a true strategic advantage. Operational advantages include real time interactive meetings that allow communication through text and images. Plans can be displayed and readlined, communicating effectively and immediately.

6.2.4 Construction Information Systems (CIS)

CIS have developed an online version of NATSPEC, known as TOOLBOX. The products come with built in tools to make assembling, formatting and editing building specifications easier. TOOLBOX contains NATSPEC specifications, the BCA, Australian Standards, and databases of building products specifically for architects, designers, specifiers, and specifiers of external works. (Davis, 2000)

6.2.5 Primavera

Davis (2000) states Primavera is currently working on the development of Prime Contract, an e-business solution for engineering procurement, construction and operation. A total e-business solution, it enables owners of construction projects and their contractors and suppliers to use the Internet to manage team and enterprise wide activities, from concept design to procurement and construction.

6.2.6 Netagi

This system exists in three parts which are website specification and planning, internet software application and support. (Davis, 2000)

6.2.7 Cablefloor

Davis (2000) states Cablefloor is an Australian designed system that has anticipated the need for accessible cabling requirements in a sub-floor system, this simple and unique product is complimented wiry a range of PowerComm products that consist of hardwired in-floor service boxes, electrical-bus bar systems, access grommets, node boxes, cable bridges and the power tower.

6.2.8 Timberline Software Corp

Timberline offers specialist accounting, estimating and service management software for the construction industry and property management industries that it will serve to assist through the different phases of construction. (Davis, 2000) 

6.2.9 Animated Design

Animated design is a visualisation and animation production company who specialise in translating building plan drawings into realistic 3D images and animation. Sophisticated virtual reality simulations allow the viewer to experience and move through 3D environments. (Davis, 2000) 

6.2.10 Ebuild.com

Ebuild.com will provide information and industry news, it will host on-line projects and it will provide an e-commerce market site (for buying and selling on-line) using rhe Cable and Wireless Optus (CWO) Commerce One site. (Casey, 2000)

6.3 Conclusion

Casey (2000) states e-commerce will change the way the building industry will work. It will change the way people buy things and will change the nature of the building industry itself. It will be a way of doing what we do now but doing it more efficiently.

The world is changing and the way we do business is changing. The industry needs to be part of it. (Casey, 2000) 

The above examples continue to demonstrate how the construction industry is evolving and trying to keep in touch with outside factors and influences which will help ensure its sustainable future.

7.0 Conclusion

The following list of technologies are those which Teicholz and Fischer (1994) and Miyatake and Kangari (1993) identified as being key to enabling complete integration: object-oriented programming, knowledge-based systems, database management systems, computer-aided design and visual computing, computer-aided engineering, local area networking, artificial intelligence, dynamic simulation, and robotics. 

Fitzgerald (2002) goes onto state Information technology will increase and become accessible to more people, forcing us to make decisions based upon more information than before but with less time to evaluate it, placing advanced problem-solving and critical thinking skills at a premium. Those who know how to gather and apply information will wield power. As more and more people perform more and more work from their homes using the latest electronic information technology devices, the electronic cottage of the information age will be as common as the cottage industry of the agricultural age.

Chutter (1999) goes onto further state a half-century perspective suggests that "change"' is the operative word in construction and that the rate of change is accelerating.

As demonstrated through the above examples, “change” and “adaptation” is the key to securing a sustainable future for the construction industry.   
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