PAGE  
5

Next Generation Economic Growth Engines for Manufacturing
Report from Group 1 Discussions

Chair – Professor Ron Johnston

Australian Centre for Innovation

Sydney, Australia

1. Introduction

The challenge of Group 1 was to: 

· identify the next-generation economic growth engines for manufacturing;

· establish what this means for manufacturing; and

· consider what this means for IMS and what can IMS provide as a resource to keep its program relevant.

This challenge drew directly on the deliberations of the previous IMS Forum, entitled ‘IMS Vision 2020 Forum’ held in Irvine, California in 2000. This Forum identified the key visions for global manufacturing as:
· reduction in the threat of natural and man-made disasters;

· new threshold technologies;

· sustainable manufacturing;

· redefinition of manufacturing;

· IT-enhanced processes, management and decision-making;

· Internet-based business;

· Global equity and boundary-less manufacturing;

· Synchronicity between technology and human needs;

· Life-long manufacturing learning; and

· Improved capital management.

It was noted that while progress had been made in developing some of these visions, any amount of challenges still remained.
The scene was set for these considerations by a paper prepared by Professor Hiroyuki Yoshikawa, from the Japanese National Institute of Advanced Industrial Science and Technology (AIST) in Tokyo. In this paper, he emphasised the importance of “Type 2” research, which lies between basic research and product realisation, and is crucial for translating research into reality. The objective of Type 2 research is creating economic value, which corresponds to the OECD
 definition of innovation as the “extraction of economic value from knowledge”.

The Yoshikawa paper emphasised that Type-2 research has two missions – creating economic value for society and establishing a general method of value-creation,  that results cannot be verified systematically (unlike basic research) due to the lack of a general method of research and hence social acceptance is the criterion
, and that it occupies a “nightmare zone” between dreams  and reality.
It also drew attention to the need for ‘minimal manufacturing’ which aims at “high-performance manufacturing of products with maximal functionalities by use of minimal resources and minimal energies with the by-production of minimal wastes”.

Dr. Ji Oh Song, Executive Vice President and General Manager of Samsung Electronics, asserted that manufacturing competence is still the key to wealth, but that the forces of globalisation are leading to rapid change. This theme recurred throughout the forum, with statements such as “every 10-15 years manufacturing is declared dead”, “some countries have got out of manufacturing – mostly they are now trying to get it back”, and “whatever the growth engines of the economy are, manufacturing will continue; so it has to get better”.
Dr Song’s evidence included that manufacturing output had doubled in the US between 1982 and 2002, that China is contributing 10% of world economic growth based on its manufacturing capability, and that the revival of the Japanese economy is based on its manufacturing industries. The paradigm shift in manufacturing is driven by globalisation, the commoditisation of technology, and the growing trend to outsource manufacturing and R&D by multinational companies to lower cost locations like India and China.

 In a comprehensive presentation on Future Value Streams’, Jason Myers, Senior Vice-President and Chief Economist of the Canadian Manufacturers and Exporters, indicated that the key determinants will be customised solutions, a light environmental footprint, the capacity to produce a competitive batch of one, and fast response times.
In particular:
· next-generation products would be flexible, reconfigurable, multi-functional, with a premium on quality and price, but also environmentally friendly and energy efficient;

· next-generation product development would be based on customer and supplier integration, seamless value chains and life cycle management;

· next-generation production processes would be highly intelligent and flexible, globally synchronised and with zero waste and defects;
· next-generation organisations would be highly reconfigurable,  globally networked, virtual network-based, and have a premium on real-time logistics and information management; and

· next-generation workforce capabilities would be based on flexible mobilised workforce capabilities, agility, teamwork, and an appropriate mix of creative problem-solving, technical know-how, business, communication and multilingual /multicultural skills.
2. Next-generation economic growth engines for manufacturing
 Discussion within the Group identified eight distinct but interacting engines of economic growth:
i) global growth and competition – the competitive pressures, and the potential for huge growth in markets, is unlikely to abate in the foreseeable future; manufacturing will have to continue to adapt to, and contribute to shaping these forces, so as to ensure a strong and continuing future.
ii) the knowledge economy – the dramatic growth in the knowledge intensification of goods and services, the trade in knowledge in its various forms, and the investment in the production and management of knowledge of the past decade will continue and increase; manufacturing must ensure it is as knowledge intensive as possible, in a way that generates benefits for customers and producers.
iii) environmental pressures – demands will increase to mitigate global warming, reduce the production of greenhouse gases in all stages of manufacture and throughout the life-cycle of products, to develop genuinely sustainable manufacturing processes, and to ensure biodiversity maintenance; manufacturing will need to lead the way in this major transformation of the basis and requirements of economic activity.
iv) molecular manufacturing – the next decade will see the increasing working with matter at the molecular and possibly smaller level, through nanotechnology and biological manufacture; this will dramatically change the precision, flexibility and cost of manufacture.
v) conflict over resources, ideology, culture – there are currently many sources of conflict in the world, and continued economic progress in a form that exacerbates the difference between rich and poor (even if the poor do make clear economic gains), and between rival ideologies and cultures, is unlikely to see them dramatically reduced; hence the opportunities of global trade will need to be conducted within a framework of understanding, and alleviation, of poverty.
vi) ICT, increasingly embedded and networked – the next generation of information and communications technologies and services, particularly delivered via the Internet, will have equivalent or greater transformative impacts as the previous generation, with multiple opportunities for linking manufacture directly to customers, with an emphasis on user-centred processes, and for achieving the flexibility necessary for economical ‘runs-of-one’.
vii) global competition in services – just as manufacturing has been transformed by the forces of globalisation, it can be expected that the same trend will apply to the service sector, which until now has only been exposed in key sectors such as financial services; This may present significant opportunities for manufacturing, with its greater understanding of global operations, and in the light of the trend to package and market manufactured goods as services.
viii) human needs – there is little, or no, sign of the exhaustion of human needs, or a diminution in the variety of new needs that are invented everyday, which provides the continuing demand for new manufactured goods.
However, it must be recognised that low probability, high impact events (such as for example 7/11) can and do occur from time to time in a way that is largely unpredictable, but for which some contingency planning can be very beneficial. Examples of ‘wild cards’ to consider might include:
· intense global competition forcing companies in the mature industrialised nations to reduce wages` and working conditions, leading to civil revolt;

· ‘nanobots’ go on a rampage, terrifying workers and citizens;

· massive US deficit triggers global economic depression;

· so-called ‘natural disasters’ become so common and destructive that insurers withdraw coverage for any environment-related events.
3. Next-generation challenges for manufacturing
Beyond the challenges identified at the previous IMS Forum, a substantial number of new ones emerged during discussions. These included:

· minimal manufacturing – as outlined by Yoshikawa, but raised by many participants, the need to move to achieve maximum appropriate functionality, while retaining adequate  flexibility, with minimal resource and energy costs and environmental externalities.
· physical limitations to technological advance – the very real possibility of encountering fundamental physical or scientific limitations to further technological advance, such as running up against quantum limits to further miniaturisation, were recognised, but generally considered to be resolvable by the development of alternative technologies.

· ultra-short development time based on modelling and simulation – there was universal agreement on the need to reduce even further the development time for new products and their manufacture; the most promising approach was based on the application of high-performance computing to modelling and simulation, so the whole process could be developed and tested in virtual, rather than physical, space.
· environmentally friendly requirements – the demands of the environment will be paramount, and meeting high standards demanded by consumers and regulators alike; in order to avoid heavy damage to ‘bottom-line’ and to reputation, manufacturing needs to be a leader in the development and effective application of new environmentally-sensitive methods of manufacture and management of the full life-cycle of all products.
· miniaturisation of production to ‘desktop’ manufacture – there are substantial possibilities for achieving miniaturisation of production capability to a level where fabrication can be conducted in boutique, “corner shop fabs’, or, in effect, on a desktop.
· competition at the level of global supply chains – effective management of global supply chains is likely to provide a significant competitive advantage for manufacturers in the near future (if not already); individual and organisational skills will need to be developed to meet this challenge.
· changing customers – the characteristics of customers are likely to undergo significant changes, whether because of reaching new geographical (and cultural) markets, or because of the increasing capacity of consumers to transform themselves into discerning and well-informed customers through accessing information via the Internet; this will leave much less space for the operation of sheltered, imperfect competition resulting from imperfect information.
· an effective IT-based product planning tool – it is highly likely that an effective IT-based product planning tool will be developed in the relatively near future, providing the basis for much more effective, rapid and flexible product planning, which may directly involve both customers and regulators.
· infrastructure to support seamless global manufacture – effective ICT systems, and some focussed effort on achieving higher levels of standardisation, will provide the basis in the next decade for genuine seamless global manufacture.
· innovation and creativity – the level of innovation and creativity has grown substantially over the past decade, but will need to continue to grow in all its forms.
· an unknown radically new approach to manufacturing – which might just come roaring out of some obscure research somewhere on the planet.
4. Implications for IMS

The IMS is widely as having been very successful in pursuing its objectives, as the independent reviews have shown. This can be substantially attributed to its position as:
· engaging in ‘pre-competitive’ research and technology development, where genuine cooperation and information-sharing is achievable and maintainable;

· providing an extremely valuable bridge between companies from different geographical regions, between companies of different size, between companies and researchers, and between researchers themselves;

· providing the only capability to identify that what almost every company sees as a unique problem  is in fact very similar to problems faced by many other companies;
· a  potentially rapid identifier of common problems and a catalyst or organizer of appropriate responses.

But, while these capabilities, together with the research projects being generated, are a justification for IMS, has the situation changed sufficiently since its establishment to require some realignment. In simple terms, the very fact that so much has been achieved may suggest that at least part of the focus should be shifted to new challenges. One form this change might take is in moving from a strong focus on pre-competitive knowledge generation, to a greater engagement with the functions of knowledge codification, knowledge evaluation, knowledge repository, and knowledge diffusion.
Particular roles for IMS were identified in  addressing the more generic, if not necessarily pre-competitive, issues of environmental requirements, quality, safety and standards.
Other possible roles identified include:

· promoting ‘Type 2’ research by facilitating access of researchers to the industrial perspective;
· providing a key platform for promoting and facilitating ‘open innovation’;

· assuming the role of driver of best practice in SMEs and other “lagging companies or economies”, including communication, awareness raising and training;

· sharing public policy learning in fostering competitive manufacture.
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� This concept seems to be very similar to that of Gibbons et al with their ‘Mode 2’ knowledge: Gibbons, M. et al, 
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