
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


TECHNOLOGY FORESIGHT SUMMIT
2007

Budapest, Hungary
27-29 September 2007

UNITED NATIONS
INDUSTRIAL DEVELOPMENT ORGANIZATION

CI



DOCUMENTATION

TECHNOLOGY FORESIGHT SUMMIT
2007

Budapest, Hungary
27-29 September 2007

Organized by
UNIDO in coaperation with the Government of Hungary

Co-financed by
the Governments of Austria, Czech Republic and Slovenia

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna, 2007



The designations employed and the presentation of material in this publication do
not imply the expression of any opinion whatsoever on the part of the Secretariat of
the United Nations Industrial Development Organization concerning the legal status
of any country, territory, city or area, or of its authorities, or concerning the
delimitation of its frontiers or boundaries. The opinions, figures and estimates set
forth are the responsibility of the authors and should not necessarily be considered
as reflecting the views or carrying the endorsement of UNIDO. The designations
"developed" and "developing" economies are intended for statistical convenience and
do not necessarily express a judgement about the stage reached by a particular
country or area in the development process. 1vlention of firm names or commercial
products does not imply endorsement by UNIDO.

/

All rights reserved. Except for the quotation of short passages for the purpose of
criticism and review, no part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise, without the prior permission of the publisher.

This publication has not been formally edited.

ii



Summary:
Welcome statement - UNIDO Director General
Introduction
Agenda

v
vii
1

Technology Foresight

Future of Foresighting for economic development 5
Luke Georghiou, Director, PREST, University of Manchester, UK

Experiences and practices of Technology Foresight in the European Region 25
(multi-country, national and regional levels)
Karl Matthias Weber (ARC, Austria) and Attila Havas (HUS, Hungary)

Multi-country foresight - Ana Morato and Jesus Rodriguez Cortezo (OPT!, 56
Spain), Ricardo Seidl da Fonseca (UNIDO)

Regions foresight in Europe - Francoise Warrant (Destree Institute, Walonien 79
Region, Belgium) and Alexander Sokolov (Institute for Statistical Studies and
Economics of Knowledge, Russia)

Foresight for national Science-Technology-Innovation strategy - the case of 110
Romania - Adrian Curaj (ROST, Romania)

Corporate foresight - Shaping new realities in urban mobility: 127
A case study of foresight-driven innovation in the automotive industry -
Frank Ruff, (Daimler, Germany)

jji

Priority setting for future critical and key industrial technologies as 138
driving forces for economic development and competitiveness
Ron Johnston, Australian Centre for Innovation, University of Sydney

Key technologies for Czech National Research Programme - Karel Klusacek 160
(TC, Czech Rep.)

Scenarios and Road mapping for key technologies: UK Case Note - 169
Scenario Analysis in Flood and Coastal Defence: Ian Miles (PREST)

Water Productivity in the Industry of the Future

Future of using water in industry 185
Ania Grobicki, Research Policy and Cooperation, World Health Organization
(WHO), Geneva, Switzerland



Saving water and increasing industrial water productivity
Jerzi Kopytowski, Industrial Chemistry Research Institute, Warsaw

Matching water quality to use requirements 248
John Payne, SNC Lavalin, Assessment - Risk - Remediation General
Engineering & Environment

202

Water recycling and on-site reuse
Giuseppe Genon, Politecnico Di Torino, Italy

Using reclaimed water
Marek Gromiec, Polish National Council on Water Management

277

293

Water Technology Fair of the Future

Catalogue of exhibitors 318

Ministerial Round Table

Draft Joint Ministerial Statement on Zero water discharge 339

iv



Welcome statement

Kandeh Yumkella, Director-General
United Nations Industrial Development Organization

I would like to welcome you to the Second UNIDO Technology Foresight Summit,
with a special emphasis on "Water Productivity in Industry", which is supported by
the Governments of Austria, Czech Republic, Hungary and Slovenia, as a regular
flagship event.

The economic environment is increasingly being shaped by globalization, and the
attendant need for industrial growth and enlarged international competitiveness.
Increasing globalization, fierce competition and the consequent need to focus on
core competencies are making both the international and the domestic business
context highly dynamic. This will require every economic region to establish its
strength in certain technological competencies and develop a robust innovation
system. All these challenges will require a comprehensive forward-looking response
driven by a relevant vision with full institutional, financial and policy support.

This is why Technology ForeSight is such a powerful tool. It provides inputs for the
formulation of technology policies and strategies that guide the development of
technology infrastructure and innovative capabilities. It also alerts key economic
actors and decision makers to the vital contributions they must make and
responsibilities they must assume to achieve the desired results.

Indeed, Technology Foresight has increasingly been recognized throughout the world
as a powerful instrument for establishing common views among policy-making
bodies on future development strategies. Its novelty stems from the wide
participation of major actors, such as Government, academia, industry and NGO
towards formulating systematic projections of long-term trends in the development of
science, technology, the economy, and social needs. The aim, of course, is to identify
emerging technologies with the highest potential to proVide economic and social
benefits.
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The Second Technology Foresight Summit focuses on consolidating new visions for
sustainable water management in industry.

Industry - as one of the main users of water - faces the challenge of finding
sustainable solutions to handle this precious resource. "Water productivity in
Industry" is therefore the focus of this year's Technology Foresight Summit. The Goal
of the Summit is to present, and discuss at a high political and scientific level, future
technologies to enhance the sustainable use of water by industry.

It is very timely to approach the water scarcity and pollution problems at a high
decision making level and examine the role that industry can play in offering
solutions.



Water scarcity will lead to conflicts

Many experts believe that water will be a more important cause for future world
conflicts than oil. Of the total amount of water in the world, only 2.5 per cent exists
as freshwater, while 97.5 per cent is seawater. Of the relatively small proportion of
freshwater, about 90 per cent is inaccessible for human use, Two-thirds is locked up
in glaciers and ice caps, while most groundwater cannot be sustainably extracted,

The importance of industry

Between 1950 and 2000, world industrial water withdrawals increased from 200 km3
per year to almost 800 km3 per year. This now represents around 20 per cent of
global water withdrawals,

While the quantity of freshwater available represents one side of the coin of the water
crisis, the quality issue represents the other. Water that is too polluted to be used for
a particular purpose, whether for drinking, lor industry, for irrigation, or for
sustaining ecosystems. is in effect water that is not available for use. Hence, if we are
looking to preserve and maximize the quantity of this resource, it is essential to
ensure at the same time that its quality is fit for the use for which it is intended, In
short: water pollution and water shortages threaten future water security both for
communities and eco-systems, as well as for industry itself,

Industry is a major contributor to water pollution, but at the same time needs water
supplies of a high quality, It is, therefore, in industry's own interest to ensure that it
uses water efficiently and does not pollute existing water supplies,

Technology Foresight is a key to success

Technology foresight is a key tool in the identification of innovations that will help
industry to reach a turning point in its use of water. The Technology ForeSight
Summit 2007 in Budapest will constitute a decisive step towards putting in place the
poliCies and strategies which will lead to improved water security and sustainability,

Increased awareness of the current situation and the proper application of industrial
technologies in the future should make it possible to:

o Reduce freshwater intake by industry from rivers, lakes and aquifers;

o Increase industrial water productivity in terms of the value added by industrial
production, relative to the volume of water used;

o Avoid water pollution by industry;

o Encourage the achievement of zero water discharge at both enterprise level and
local district level;

• Provide effective mechanisms for such encouragement, such as information
exchange, economic incentives and regulation.

During the UN "Water for Life" Decade (2005-2015) UNIDO is dedicating its
endeavours - together with industry, experts and decision makers - to developing
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approaches for protecting the availability of water supplies, without reducing
industrial growth.

I have had many opportunities to express my vision for "green" industrial
development. This is one where economic and environmental objective reinforce one
another. I believe that water, like energy. must be used in a sustainable way that
promotes economic development, but does not harm the environment. In this
connection, the UNIDO Technology Foresight Summit represents an expression of
our commitment, and will provide us with important gUidance for the future.

I am very thankful to the Government of Hungary for having generously agreed to
host the Second Technology Foresight Summit. This vital support is a clear indication
of Hungary's commitment to UNIDO's efforts to raise awareness and to set new
standards in sustainable industrial development. We recognize and congratulate
Hungary for the leading role it is playing in the innovation network for
environmental technologies in Central and Eastern Europe and the Newly
Independent States (CEE/NIS). The fact that Hungary is hosting the UNIDO
Technology Foresight Summit for the second time underlines its strong commitment
toward the establishment of a robust platform for strengthening innovative
capabilities in the CEE/NIS region. More importantly, to it also highlights Hungary's
commitment to finding viable new approaches for to meeting the important
challenges and opportunities towards a better life in the future

I would like to express my appreciation to the Governments of Austria, Czech
RepubliC and Slovenia for their financial support to this Summit.

I believe that this Summit in Budapest will be a landmark for the region, and that it
will offer powerful inSights for other economies in transition and developing
countries as well.
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INTRODUCTION

Foresigbt is a systematic, participatory process, collecting future intelligence and
building medium- to long-term visions, aimed at influencing present-day decisions and
mobilizing joint actions. It belps in making cboices in complex situations by
discussing alternative options. bringing together different communities with tbeir
complementary knowledge and experience.

The Technology Foresight Summit is a flagship regular event of the Regional
Initiative on Technology Foresight for Central and Eastern Europe and the Newly
Independent States of the United Nations Industrial" Development Organization
(UNIDO).

It is intended to respond to the need for a vision of the mid- and long-term
development of the region as well as for a more technology-oriented focus in the
relevant national and regional knowledge-based institutions.

Each regular summit is devoted to a challenging highlight area.

For the 2007 Summit, water productivity in industry has been selected as the
highlight area. The main aim is to contribute to the discussions related to the
protection of water resources through more rational and sustainable use of water by
industry. The Summit also addresses key technologies, which can respond effectively
to major challenges for industrial competitiveness in the region.

Fresh water is a precious resource on our planet and water security is one of the main
cballenges for tbe future. Industry worldwide is a major user and polluter of water.
Global partnersbip is needed to enhance tbe effiCiency of water use by industry.

The 2007 Summit is organized in cooperation with the Government of Hungary and
co-financed by the Governments of Austria, Czech Republic and Slovenia. It is based
on the institutional framework established for the UNIDO Technology Foresight
Regional Virtual Center for CEE/NIS.

The main objectives of the regular summit are:

• To build a forum for the discussion of concepts and good practices on supporting
technology and innovation for industrial development using foresight as a key
instrument for consensus bUilding and strategic decision-making.

• To bring together the highest policy level representatives to' discuss future-related
trends, strengths, weaknesses, threats and opportunities for their countries,
companies and regions. which can be addressed through the early mobilization
of technology and knowledge with strong involvement of the business sector in
the discussions and deliberations.

• To develop recommendations and agreements with the different stakeholders
regarding support for key technological development, with special attention to
water productivity and quality.
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• To sustain and strengthen awareness of the critical importance of technology
foresight among decision makers in the region in order to foster competitiveness
and innovation.

• To initiate and implement foresight exercises jointly at the multi-national,
regional, national and sub-national levels.

Significant outcomes expected from the Summit are:

• Enhanced awareness among decision makers of the importance of technology
foresight in fostering competitiveness and innovation in the region.

• Important recommendations for high~leveldecision-makers to encourage, initiate
and implement national foresight exercises in selected strategic areas.

• Identification of relevant problems in the region that can be addressed through
technological and knowledge-based approaches.

The Summit will make a substantive contribution within the framework of the UN
International Decade on Water for Life (2005-2015), the UN World Water Assessment
Programme and the UN Millennium Development Goals, particularly through an
agreement towards zero discharge.

In this context, the Summit will result in agreements and recommendations to the
different stakeholders regarding support for key technological development with
special attention on water productivity and quality.

The Summit will consist of four components:

The SYMPOSIUM ON WATER PRODUCTIVITY IN THE INDUSTRY OF THE
FUTURE is devoted to cross-cutting issues in water availability and quality, stressing
main tendencies, barriers and visions for reaching sustainable industrial
development. The four sessions will give an overview of future developments in:

(1) Strategies for saving water and increasing industrial water productivity

(2) Matching water quality to use requirements

(3) Water recycling and on-site reuse.

(4) Using reclaimed water (direct and indirect water reuse)

The Foresight exercise on avoiding water discharge by industry in the future-towards
a zero discharge-will be presented and discussed in this plenary session.

The WATER TECHNOLOGY FAIR OF THE FUTURE consists of exhibitions and
discussions presenting industry-led future trends and perspectives, prototypes,
products, processes and markets regarding sustainable use of water by industry. In
this context, the industry is invited to present their solutions for reducing and
avoiding the pollution of water resources in the long run.

The MINISTERIAL ROUND TABLE will focus on the future of sustainable water
availability and quality in the region. The ministerial consultations will address the
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promotion of a zero-discharge agreement and incentives at the international level. At
a working lunch, key-note addresses will open discussions on the impact of industrial
development on water demand and virtual water trade.

The TECHNOLOGY FORESIGHT THEMATIC PANELS focus on selected
experiences and proposals using foresight as a tool for decision-making and
consensus building for creating a knowledge-based society and enhancing innovation
in countries in transition. The panels will also present and discuss critical
technologies, which could address the challenges enVisaged in the next 20 years in
CEE/NIS.

Side events:

Retreat on Technology Foresight for High-level Decision Makers, one of 5 modules of
UNIDO Technology Foresight Training Programme for CEE/NIS 2007
(www.unido.org/foresight/2007), is organized in cooperation with the Institute for
Prospective Technological Studies (IPTS), DG Research (European commission), in
Budapest on 27-29 September in parallel to the programme of the Summit.

This exercise is dedicated to provide an introduction to Foresight as an instrument
for decision making. The target participants will be High-level Decision Makers from
New Member States, Acceding and Candidate Countries, and Newly Independent
States. Its agenda includes both the sessions exclusively provided for participants of
the Retreat and the related sessions of the TF Summit 2007.

B-posters event is an opportunity for the research community to contribute with
'proposals for papers on the two subjects of the Summit 2007: application of
technology foresight for policy making - methodologies, cases and new issues; and
future of water productivity in the industry - towards zero discharge and higher
quality and availability of water. Selected e-posters will be published on the web page
of the Summit. A peer review conducted by members of the Editorial Boards of the
journals "International Journal of Foresight and Innovation Policy" and "Foresight" (a
Russian magazine of the High School of Economics) after identifying those
outstanding contents may propose selected e-posters for publication in a full-paper
format.

Further information:

http://www.unido.org/ foresight/ summit/2007
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Technology Foresight

Future of Foresighting for Economic Development
Luke Georghiou

Abstract

This paper describes the evolution of foresight and the potential for transition from
technology to innovation foresight in view of the convergence of innovation and
industrial policy. In the public sphere most nations have been engaged in foresight.
Families of approaches have emerged. In the corporate sector there has been a trend
to "open foresight" in terms of participation. scope and delineation and in the
context of open innovation. Five generations of foresight have seen a broadening of
scope and participation and more recently a shift to a distributed mode of activity
and engagement with a broader policy focus. Foresight is itself a policy instrument
used for example to promote networking but it is also a means to inform, develop
and join up policy across domains. It is particularly helpfUl in supporting the new
wave of demand side policies, which require shared visions between users and
suppliers. For developing countries the creation of a neutral future space for debate
and the opportunity to reduce exclusion from networked thinking about the future
are key advantages.
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1. Context of Technology Foresight
Technology foresight is a term which today encompasses multiple activities and
purposes although all of them share a future orientation (between the immediate and
the far horizon), an engagement with the science and innovation system, an
interaction with the socio~economic dimension and an expectation that decision~
making or policy consequences will result. Participation of stakeholders and the
building of action networks or advocacy coalitions is an essential element. This paper
begins by considering the existing domains of technology foreSight more generally
then considers an extended mandate to apply the potential for technology foresight
in the wider domain of innovation and industry policy in the context of the
knowledge economy. Within the context of this extended mandate the role of
corporate foresight is also explored. Aspects of relevance to transition and
developing economies are highlighted.

1.1. Content and Structure

Traditional uses for technology foresight may be divided between those with a
"content focus" that is focused upon choices within the domain of science and
technology, and "structural focus" that is addressing primarily the structures by
which science and innovation achieve impacts upon the economy and society. Within
the content focus category there are two main subdivisions:

• Priority setting; and

• Identifying ways in which future science and technology could address future
challenges for society and identifying potential opportunities.

Typical manifestations of the structural focus include:

• Reorienting the Science & Innovation system:

• Demonstrating the vitality of Science & Innovation system:

• Bringing new actors into the strategic debate; and

• Building new networks and linkages across fields, sectors & markets or around
problems.

It should be emphasized that content· and structural goals may be addressed
simultaneously. There is an increasing tendency for foreSight to address structural or
systemic issues directly - lor example the French Futuris exercise, which was
industry-led and locused upon reorientation of the national innovation system.
Foresight also has a role in the social dimension. While the central focus of this
paper is concerns foreSight and industrial innovation, it should be remembered that
societal trends condition the economic environment and would certainly feature in
the foresight activity of major companies and industry support institutions.

We may also consider the role of foreSight in carrying the input from future
perspectives on science and technology into application across wider policy arenas.
This has been an explicit aim of the Third Cycle of the UK Foresight Programme and
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has met with some success in environment, health and identity policies for example
(PREST,2006).

1.2. The Context - Public-Private Interaction

Identifying the setting for technology foresight is more complex. It may take place at
organizational, local, regional, national or supranational levels. Most attention has
been given to national and regional foresight activities in part because these are'more
visible but there is also a substantial body of organization level foresight, notably in
the corporate world. However, even here it would be misleading to talk of purely
"private" foresight as even corporate practitioners need to draw upon public networks
to feed the visions they create and the trends that they identify. This is an inevitable
consequence of the move to "open innovation" in which the assumption is
abandoned that innovation happens within a single company based upon ideas
generated in-house and developed, manufactured, marketed, distributed and serviced
in the same way (Chesbrough, 2003). Instead open innovation recognizes the
existence of an ecology of industry in which knowledge is shared and companies are
actively engaged with their clients and suppliers and with knowledge providers in
universities and elsewhere (Coombs and Georghiou, 2002).

1.3. Rationales - Shared Vision Linking Supply and Demand

lt has long been recognized that technology foreSight has a role in building such
networks or "wiring up the innovation system" (Martin and Johnston,' 1999). The
United Kingdom's first technology foresight programme similarly addressed
companies operating in the "network economy" which have to manage interfaces
with customers, suppliers, collaborators, regulators and other stakeholders. Foresight
here was seen as a means of creating a shared strategic vision which has the potential
to reduce the uncertainty involved in innovation (Georghiou, 1996).

Building upon this one can consider the definition of foresight emerging from the
eForesee project:

"The foresight process involves intense iterative periods of open reflection,
networking, consultation and discussion, leading to the joint refining of future
visions and the common ownership of strategies, with the aim of exploiting long
term opportunities opened up through the impact of science, technology and
innovation on society ...Jt is the discovery of a common space for open thinking
on the future and the incubation of strategic approaches ..."
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(Cassingena Harper 2003)

At the same time there is an emerging reorientation in innovation policy to reflect the
realities of open innovation. One consequence has been a new emphasis upon the
role of demand-side policies, broadly speaking the use of instruments such as public
procurement and regulation to pull-through innovations but also encompassing
measures such as clusters and platforms which seek to bring together demand and
supply (Aho et aI, 2006; Georghiou, 2007). In some ways these measures may be seen



as a new industrial policy as well as a new innovation policy, but in this case an
industrial policy which is fully compatible with the principles of competition.

These issues are equally valid for developing and emerging economies. The Interim
Report of the Millennium Project Task Force on Science Technology and Innovation
argues that a strong demand for technological solutions directed to local capabilities
can be one of the strongest incentives to learning accumulation (Juma and Yee·
Cheeong, 2004).

1.4. Extending the scope - from Technology to Innovation Foresight

The move from technology to innovation foresight explored in this paper means that
it is important also to consider non~technological innovations in business processes
and the service sector (for example low cost ticketless air·travel) or by government
(for example congestion charging as a means to reduce traffic in city centres). The
latter category is still relevant for industry since it opens up new opportunities for
innovation.

It also means that means of accessing knowledge from outside the organization
become as important as the direct promotion of R&D, even though R&D may be a
necessary condition for the absorption of knowledge (Huston and Sakkab, 2006).

2. Existing Experience of Foresight
2.1. Foresight in Public Policy

Table 1 summarizes the evolution of national technology foreSight programmes,
mainly in developed countries. This is far from complete, the European Foresight
Monitoring Network now has mapped well over 1000 foreSight initiatives.
Nonetheless the Table helps us to track the evolution of foresight. We may note the
well known initial strong role for Delphi exercises modelled upon the Japanese
approach and a switch of emphasis towards more interactive and mixed approaches.
We may also see most countries in multiple engagement with foreSight over time,
though with the exception of Japan, little repetition of detailed approach. This can be
interpreted both as continuing interest and as an indication that experimentation
and adaptation are still under way.

Some other families of approaches may be detected. National critical technologies
exercises have a very focused approach to technology priorities, normally on
relatively short time horizons (critical technologies have also been addressed on a
transnational basis by ED reports on Key Technologies and on Convergent
Technologies). Another cluster in ED accession countries represented a wave of
activity associated with the seeking to assist the specific transition of science and
innovation systems. In the most recent period horizon scanning has emerged as a
dynamiC activity, normally focused on informing research policy decisions in the
light of a broad range of both scientific and socioeconomic topics at the margins of
current thinking. The issue of weak signals has also been engaged with by the COST
A22 action.
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Table 1. National Foresight Programmes and Exercises

IYear Delphi Mixed Panel/Scenario/Roadmapping etc

1971 1st 41apanese STA

surveys
1989 Ministry of Economic Affairs Netherlands

1990 1st German

1991 5th Japanese Critical Technologies USA

1992 Public Good Science Fund New Zealand
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1993 South Korea Technologies at Threshold of 21st Century Germany

1994 France

Japan/Germany Mini

Delphi

1995 1st UK Foresight

Programme
100 Key Technologies France

1996 Japan-German Delphi Matching saT to Future Needs Australia

Foresight Steering Committee Netherlands

1997 ANEP Spain Foresight Ireland

1998 Austria TEP Hungary South Africa; New Zealand; 1st Swedish Foresight;

Brazil 2020

1999 ITe Foresight Thailand 2nd UK TF Programme; Futur 0 Germany; 2nd 100
Key Techs France

2000 7th Japanese;
Prospectar Brazil

Technology Foresight

Programme Brazil
ET2000 (Portugal); IPTS futures EU

2001 Technology Foresight

Chile
Futur 1 Germany; Technology Fores"ight Greece; TF

Exercise Czech

2002 3rd UK Programme; eForesee (Cyprus, Estonia,

Malta); 2nd Swedish TF; National Technology

Foresight Denmark; NIH Roadmap USA

2003 Foretech (Bulgaria, Romania); 2nd Swedish

Foresight; Norwegian Research Council 2020

studies

2004 8th Japanese Futuris France; ANRT France; AGORA 2020 France;

Nordic Hydrogen energy foresight;

2005 3 Moments Brazil Finnsight Finland; 21st Century Challenges GAO
USA

2006 SITRA Foresight Finland, Horizon scanning UK,

HorilCn Scanning Netherlllnds, Science Priorities

Denmark, Navigator Network New Zealand

In addition to those exercises a strong tradition of foreSight activity has also emerged
in developing countries. Latin America has been particularly active. These can be
summarized in a quote from Popper and Medina (2007):

"Brazil, Chile, Colombia and Venezuela have National ForeSight Programmes
which focus on strategic sectors and themes and support capacity-building
activities nationwide. Countries like Peru and Ecuador have constituted



Prospective Consortia linking universities to the industrial sector. Colombian
and Venezuelan Regional STI Agendas (sub-national) have played a particularly
special role in generating S&T priorities and achieving consensus an¢
engagement of stakeholders. In terms of capacity-building, the region has
benefited from the various regional UNIDO courses including: Venezuela
(1999): Uruguay (2000); Colombia, Brazil and Peru (2001), Peru (2004) and
Ecuador (2005). These activities inspired certain countries to organize national
and sub-national courses, e.g. Colombia between 2001-6 organized numerous
courses and seminars in collaboration with UNIDO, CAF, CAB, PREST,
FUTURIBLES, CNAM, and CYTED. In Peru, CONCYTEC and the Consortium
Prospective Peru (CPP) have promoted international congresses, and CGEE in
Brazil is planning to have a role here too. As a result, it is possible to conclude
that Latin America is working hard to develop a very strong Foresight Culture
which, at the same time, helped to build a range of national experiences."

The policy challenge for Latin America has been characterized as taking place at
three levels, with the macro level challenge being facilitation of the production of a
State strategic vision for the knowledge economy, the meso-level challenge to
promote policy coordination around the knowledge economy and the micro-level
challenge to develop capacities in public policy managers.'

A similar dynamic activity is evident in Asia where Johnston and Sripaipan (2007)
identify some engagement in most industrializing countries with the largest activity
in China and Thailand. Turkey is another centre of activity, for example the 'Vision
2023: Strategies for Science and Technology' national project in 200314 aimed at
proViding Turkish stakeholders with a vision for the development of science and
technology vision in Turkey over a period of 20 years and included a strong
technology foresight strand.

Also not to be iorgotten is the significance of multi-country foreSight where sharing
of resources and ideas can be one dimension but also the possibility of creating
space for necessary dialogue about the linkage between long-term problems and
opportunities, and actions in the here and now. This space may not always be
available within countries and regions, and the involvement of an international
organization or other third party can be vital here. This can be seen as helping to

build the sorts of Foresight community of practice for developing regions that has
become established in industrialized countries in the last decade. Ultimately, this
could result in the lessons from and innovations in ForeSight in developing countries
entering the repertoire of those in industrial countries, to complement what is at
present a rather one-sided flow of expertise.

Broader rationales for international cooperation in foresight rest upon potential gains
from:

• Cost-reduction through shared efforts;

• Accessing technical expertise, training and experience in foresight approaches;

I J. Medina EGM.
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• Accessing broader and/ or complementary domain expertise through combining
resources;

• Addressing transnational problems and issues induding providing a gateway to
broader regional cooperation in the sectors addressed by foresight.

2.2. Policy Transfer and Learning in Foresight

Given the large historical and current effort engaged in spreading good practice in
foresight it is worth considering the issues involved in transferring foresight know-
how from one country or setting to another. Policy transfer is a strong feature of the
exercises shown in Table 1 above. One of the key rationales for launching a foresight
activity has been the perception that it is a solution that has worked in other
countries. In almost all cases exercises are preceded by a phase of reviewing
international experience or drawing upon assistance from outside.

The need for this step to be carried out with the utmost care can be illustrated by
reference to the literature on policy transfer between countries which enunciates
several reasons for probable failure (Dolowitz and Marsh, 2000; Georghiou and
Harper, 2007);

This can result from:

• Uninformed transfer

a borrowing country has insufficient information about the policy that is being
transferred with the result the policy is imperfectly implemented.

• Incomplete transfer

a crucial elements of a policy or programme that made the policy or
programme a success are not transferred.

• Inappropriate transfer

o insufficient consideration given to social, economic, political and ideological
differences between the borrowings and the transferring country leading to
programme failure.

All of these are issues that become more important still when the transfer is from a
developed economy to one which is emerging, transition or developing. In this
situation policy transfer needs to be contextualized and informed by previous
relevant experience.

2.3. Corporate Foresight

The challenges faced by firms reflect the structural changes taking place in the
economy and society. A new global setting of the world economy is defining the
framework for operation of the industrial sector both inside the national boundaries
and internationally. Such a setting can be characterized by several trends and
discontinuities:

II



• Increased financial, trade and investment flows;

• Rapid and accelerating
microelectronics, leTs,
nanotechnologies;

• Responses to the sustainability challenge and changes in consumer and political
values;

technological progress; in pervasive
biotechnology, new materials, lueI

lields
cells

such
and

• Demographic and political change;

• New international regulations and standards, trade, quality, labour, environment,
intellectual property rights;

• New systems to design, produce, distribute, and manage;

• Global value chains and production networks emerging in all types 01 industries
managed by multinational companies and global buyers.

The corporate sector uses foresight (either in a formal or informal sense in terms of
how it is labelled) to detect and prepare responses to such changes. Cuhls and
Johnston (2006) in reviewing experience in this sector divide activity into two major
categories: foresight in business, performed by companies for various reasons
including loresight for innovation and predictive markets, apd foresight for business
performed by third parties but with the prime users being firms. Even inside the firm
quite different models prevail, ranging from specialized dedicated units through to a
close integration with strategic or design functions. Becker (2002) identified five
major functions:

• Anticipatory intelligence, i.e. providing background information and an early
warning of recent developments;

• Direction setting, i.e. establishing broad guidelines for the corporate strategy;

• Priority setting: i.e. identifying the most desirable lines of R & D as a direct input
into specific (funding) decisions;

• Strategy formulation, i.e. participating in the formulation and implementation of
strategic decisions; and

• Innovation catalysing, i.e. stimulating and supporting innovation processes
between the different partners.

Daheim and Uerz (2006) detect a new trend of "open foreSight" in the corporate
sector, strongly linked to the open innovation theme discussed in this paper. This
seeks to get beyond trend analysis and defines the term "open" foresight to refer to at
least four aspects of openness: the involvement of relevant stakeholders from within
and outside the client organization; open beyond a single sector environment;
organized as an open process that does not end when a specific project has been
achieved, but rather continuously overhauls and re-invents itself; and finally to act as
an "irritant" for the organization.
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A key issue in corporate foresight is the means by which the analyses interface with
strategic processes within the firm. While impacts are of necessity intangible it is
essential to find means for senior management to feel ownership of results through
direct engagement rather than receipt of remote reports. As with other aspects of
foresight stakeholder involvement is crucial as is the commitment of key
personalities in positions of influence.

From the perspective of enterprises in developing countries a key objective for
corporate foresight is a means to keep them in touch with trends which impinge
upon their future technological and market prospects especially beyond their
immediate national environment. Assistance may be needed both to build capability
and also to connect to wider networks. Understanding of different cultures and
practices is a pre-requisite for those who intend to engage with wider markets.

2.4. Development Pathways of Foresight

If we consider the reasons for emergence of the foresight activity described above we
can see the types of motivation discussed in the introduction with foresight being
driven by policymakers seeking to set priorities in face of restricted budgets and
international competition & to strengthen networks. The emergence of foresight in
the 1990s coincided with the biosciences revolution and consequences of leT
developments becoming manifest. As already noted the second wave of activity was
associated with those responsible for research and innovation systems or
organizations perceiving major strategic challenges such as EU accession, outdated
missions and wanting to build commitment to new visions of the future. All of these
motivations except the historical moment of EU accession remain valid and even
there the challenges involved in achieving cohesion with more advanced EU Member
States remain just as strong.
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An earlier stylised characterization of the emergence of foresight used a generational
model. Initially presented as three generations, we may now argue for five:

• First Generation: Foresight is here emerging from what are mainly technology
forecasting activities, with the analyses driven mainly by the internal dynamics of
technology and with ownership clearly in the hands of technical and foresight
experts.

• Second Generation: ForeSight projects seek to engage with technology and markets
simultaneously. Technological development is examined in terms of its
contribution to and influence from markets; and there is a strong emphasis on
matching technological opportunities with market developments (and also with
non-market needs such as environmental and social problems). Participation is
across the academic~industrial nexus.

• Third Generation: Foresight's market perspective is enhanced by inclusion of a
broader social dimension, involving the concerns and inputs of a broad range of
social actors? The need to take into account complicated issues concerning

2 A similar concept has emerged in research policy more broadly, notably in the European Union's



social trends and alternative institutional arrangements means that the methods
used and the knowledge bases drawn on have to be expanded to deal with such
issues.

• Fourth Generation: Foresight Programmes have a distributed role in the science
and innovation system, rather rhan being "owned" by a single policy sponsor.
Multiple organizations sponsor and/or conduct exercises that are specific to
their own needs, but are coordinated with other activities (e.g, sharing resources
and results, having shared working groups).

• Fifth Generation: A mix of Foresight Programmes and exercises, also distributed
across many sites. The principal concern of these activities is either (a) structures
or actors within the STI system or (b) the scientific/technological dimensions of
broader social or economic issues. Foresight here takes its place among a broader
range of policy approaches.

II.lpractice. these generations are not mutually exclusive and it is not uncommon for
specific exercises to exhibit characteristics of more than one, What we can see is
both a growing engagement with broader issues and a higher level of embedment in
other policy and strategy developmental activities.

2.5. Understanding the Impact of Foresight

For foresight to become truly embedded it must be able to show impacts upon
strategic behaviour either in the corporate context or in public policy. It is widely
recognized that it is difficult to attribute decisions and directions uniquely to
foresight. In part this is because the impact of foresight involves interaction of
foresight outputs with the strategic behaviour of policy and economic actors and this
behaviour is subject to a number of other influences. However we may also carry
lessons from this observation. On the one hand it is possible to use foresight as a
means to influence corporate/business strategy. On the other ihere is a need for
foresight design to build in an interface with existing strategic processes where
possible.

Keenan has observed that foresight not always tuned to the needs of recipients and
that information needs to be presented in a way that policy/strategy mechanisms can
receive and absorb it. For example, timing needs to synchronize with policy cycles
and the level of recommendations needs to match the available funding or capacity
for reform. allowing for the occasional need to introduce highly disruptive thinking.

MOVingto the public sphere an evaluation of foreSight needs to be accountable for
the resources expended to support it. The approach hinges upon the additionality of
foresight. summarized as the degree to which public support for foresight makes a
difference and addressing questions such as:

Would foresight have happened without the policy intervention?

Is foresight done differently/better because of the policy intervention?

Fifth Framework Programme (Caracostas and Muldur, 1997) and its successors.
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IS

Are the resulting actions better because of foresight?

Have persistent changes been achieved (eg foresight culture)?

In the modern terminology of evaluation foresight promotion needs to demonstrate
bebavioural additionality, to become embedded in the behavioural routines of the
organizations concerned (OEeD, 2006). Priority needs to be given to building a
foresight culture which is persistent beyond the original support.

3. Extending the Mandate to Innovation Foresight
3.1. Trend towards structural focus driven by knowledge economy focus

As noted in the introduction there has been a certain convergence of innovation and
industrial policy in the context of the knowledge economy. This is evident for
example in the emphasis given by the European Union's Lisbon strategy to the
creation of a knowledge based economy and society and in many national economic
strategies. However, in most countries innovation policy has not yet managed to

move away from a strongly supply-side orientation - including support for the
research system and a number of policies which aim to improve linkages especially
across the science-industry interface. Beyond the conventionally understood market
failures which provide a rationale for government to support industrial research and
innovation it is today widely recognized that there are systemic failures such as lock-
in to existing technologies preventing the adoption of new alternatives, and
inadequate support infrastructure. For developing and emerging economies such
systemic failures are often as major a barrier as lack of resources.

In such a context the Government role becomes one of ensuring that system has
capacity to support the needs of innovating enterprises. This involves at a basic level
the provision of the right framework conditions. Beyond the necessity for
macroeconomic stability, this also involves creating a microeconomic climate
conducive to innovation involving for example:

• An adequate supply of educated and entrepreneurially-oriented human capital;

• Supportive institutions for research and knowledge transfer;

• Policy coordination to create a favourable market and regulatory environment.

3.2. Addressing Needs and Deficiencies - Policy Mix and Foresight

One way in which policy needs can be defined is to consider the deficiencies and
barriers that need to be remedied. At the level of the firm these broadly fall into four
categories:

• Resources: Insufficient resources to undertake the work without public funds.
Generally true for academic research & accepted for business R&D which is
highly uncertain and! or where social returns justify an investment which does
not meet private criteria.



• Incentives: Scientific structures or the market provide insufficient incentives for
socially desirable behaviour, for example academic-industrial collaboration. Also
fragmented or risk averse markets filay obstruct innovation.

• Capabilities: Organizations lack key capabilities needed for the innovation
process, eg ability to write business plans or raise venture capital.

• Opportunities: Generation of opportunities for innovation and provides one of
the main justifications of public support of science. Need also to consider how
firms can get hold of such opportunities through knowledge transfer/exchange.

Table 2 below shows how some typical policies correct these deficiencies. This
emphasizes the need for a "policy mix" but also the opportunity for foreSight to act
as a balancing and linking mechanism.

Table 2. Deficiencies Addressed by Innovation Policy Measures

Policy measure R I C 0 .

Support for basic research ,( ,(

Support for public research directed to industry ,( ,( ,( ,(

Support for training & mobility ,( ,(

Grants for industrial R&D ,( ,( ,(

Fiscal support for R&D ,( ,(

Equity support for venture capital ,( ,(

Co-location measures ,( ,(

Information and brokerage support ,( ,(

Networking measures ,( ,(

Systemic policies ,( ,(

Public procurement of innovations ,( ./

R-Resources I-Incentives C-Capabilities O-Opportunities

Furthermore, if we consider the more comprehensive taxonomy of policies shown in
Figure 1, we may see that foresight occurs as a policy measure itself in the category
of promoting networking but foreSight also has a role in informing and developing
policy. Thus we may distinguish between Foresight for policy and ForeSight as policy.

• For policy

o Use as a tool to inform and develop policy in any area
o Also for "joining up" policy across domains
o In our domain normally areas of policy with a strong science/research input

16



• As policy

o Use as an instrument to implement budgetary, structural or cultural changes
o In our domain as an instrument of research and/or innovation policy

The role as policy includes making other policies function more effectively. Examples
in the taxonomy include:

• Funding for science and Grants for Industrial R&D

o role in establishing funding priorities;

• Cluster policies

o forming the vision around which a knowledge-based cluster is formed;

• Procurement and Regulation

o developing a technology road map to inform procurers of the radical options
which might offer innovative forms of supply (and build networks with
conventional suppliers) and regulators of potential technological and/or
socio~economic situations which regulation may promote.
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As already noted, foresight may also be applied explicitly as an instrument to design
the whole or part of an innovation support system. At a national level, we have noted
the example of Futuris in France and there are further examples from Finland
(Salmenkaita and Salo, 2002). Such work may also proceed at a regional level - for
example it is currently being applied by the EU-funded Structural Funds Futurreg
Project.'

3.3. Developing and Transition Economies

Considering the situation of developing and transition economies an important issue
is the system capacity for strategic development. Again we may consider what
deficiencies exist. These may include:

• Lack of conducive integrated policy and institutional framework;

• Under-developed technology and innovation promotion planning capabilities;

• Short-term thinking and reactive mode action;

• Implementation failures on strategies;

• System linkage failures and poor coordination;

• Disconnection of application of new technologies from socio~economic
problems;

• Scientific institutions with strong and inflexible disciplinary focus;

• Low technology and innovation intensity in industry.

And resource deficiencies:

3 http://www.futurreg.net/.



• Lack of funding for technology acquisition and diffusion

• Lack of human capital and increasing hUlllan resources crisis (brain drain,
demography)

• Absence of adequate equipment and infrastructure

This list of defiCIencies was confirmed by a recent foresight exercise which aimed to
assess the capacity for international scientific cooperation with the EU of four
developing regions of the world: Latin America (excluding Brazil and Mexico);
Former Soviet Union (excluding Russia and Ukraine); the Maghreb/Mashreq region;
and sub-Saharan Africa (excluding South Africa). SCOPE 2015, as the project was
called, was also an example of application of foresight in policy development.4 One
finding emerging from this study was that the often well-intentioned influence of
donor organizations nonetheless created a fragmentation in national and
organizational strategies as each donor attempted to impose their own priorities.
With the strong financial influence they exerted in poorer countries the result could
be to remove any space for effective strategy-making. Foresight could playa role in
redressing this balance.

In seeking to engage foreSight with the problems of underdevelopment it is necessary
to highlight the diverse circumstances of developing regions and countries. Apart
from geographical and cultural location, there are huge variations evident in such
parameters as size and demographiC composition, industrial output and economic
structure, the development of technological capabilities and positioning in global
value . chains, the characteristics of private and public actors and entrepreneurial
and other attitudes - and the stability and openness of institutions of government
and governance. The situation in the world's poorest nations bears little resemblance
to hat in emerging or transition economies. As discussed in the EGM," the
problematique of underdevelopment cannot be reduced to one of the listed factors - it
reflects the (varying) complex combinations of such factors in speCific cases. There is
not one solution to problems of development and while Foresight can often be part
of the solution, it may not always be the policy instrument that is most urgently
needed. Equally, "one size fits all" approaches have to be discounted: the sorts of
ForeSight practice, and the ways in which these are articulated into policy and
governance, will vary from country to country, region to region. The ways in which
questions of Science, Technology and Innovation (STI) are posed (whether they are
central to the process or just one among several elements), the stakeholders involved
(which agencies are or should be responsible for STI policy, what actors in
Universities, firms, civil society need to be mobilized), the types of expertise and
knowledge required - all these will vary.

How then to engage foresight with poverty reduction, competitiveness, sustainability,
and the other goals. Long-term perspectives are necessary for much effective policy
and strategy, especially as we confront rapid technological and geopolitical change,

4 http://prest.mbs.ac.uk/prest/SeDPE/.
5 Thanks to the EGM rapporteurs for this section of the paper - Ian Miles and Jennifer Harper, as

well as to all of those taking part in the discussion, notably Anthony Clayton and Tony Marjoram.
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the challenges of climate change and globalization, and the like. These are issues that
create a need for reform of many well-established STI systems - and that are
particularly problematic for those countries and regions where such systems are
barely functional. The multifaceted nature of these issues also demonstrates the need
to situate STI analysis and foresight within a much wider context of thought and
action.

Taking foresight to be the systematic combination of long-term perspectives, wide
participation, and effective policy/strategy formulation and implementation, these
general attributes have numerous potential benefits to offer. Across different
contexts, they may help in risk management and raising awareness of impending
problems and opportunities; inform and help structure planning and priority-setting;
promote the establishment of the networks and exchange 01 knowledge that are vital
to dynamic STI systems; diagnose the weaknesses in these systems and indicate
areas of strength and those where remedial action is necessary; and play other roles
that have been documented in case studies of foresight in Western industrial nations
(and also in Japan and in a few more industrialized developing countries). One
interesting point to arise from the discussion was that even in developing economies
characterized by high levels of political polarization, foresight activities can play an
important role in allowing actors to move beyond the patterns of thought and
compartmentalized discourses that are grounded in immediate problems and short-
term concerns. Common ground and new ways of framing issues could be
established by longer-term approaches (the case was mentioned of moving away from
the immediate crisis facing a speCific agro-industry, to broader considerations
concerning the scope for higher-value-added land use (planning). This coincides with
experience in more developed countries, where ForeSight has been used to break
down professional and disciplinary barriers that reduce the effective use of expertise
in STI decision-making.
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Q Figure 1. Taxonomy of Research and Innovation Policies

I Suoply-side Measures
I

I I
I Finance I I Services I

I I I I I I
Equity Fisca I Support for Support for Grants for Information & Networking

support measures public sector training & industria! brokerage measures
research mobility R&D support

I I II I I
Public Corporation University Tailored Grants for Contact Support for
venture tax funding courses for R&D databases clubs
capital funds reductions Laboratory firms Colla bar- Brokerage Foresight to
Mixed or for volume or funding Entrepreneur ative grants events build
subsidized increment in Collaborative ship training Reimburs- Advisory common
private R&D grants Subsidised able loans services visions
venture Reductions in Strategic secondments Prizes to Inter·national Co-location
funds employers programmes Industrial spend on technology in
Loss payroll tax for industry research R&D watch incubators,
underwriting and social Support for students hips Patent Science
and contributions contract Support for databases parks etc
guarantees Personai tax research recrUitment Benchmarking
Tax incentives for Equipment of scientists
incentives R&D workers sharing
for investors

I Demand-side Measures

I I I I
Systemic Regulation Public Support of

policies Procurement private

demand

I I I I
Cluster Use of R&D Demand
policies regulations procurement Subsidies and
Supply & standards Public Tax incentives
chain to set procurement Articulation of
policies innovation of innovative private

targets goods demand
Technology Awareness
platforms to and Training
coordinate Catalytic
development Procurement

Framework Conditions - Human Resources and Employment Conditions, Science Base, Regulatory Framework (including State
Aid, Competition and IPR), Fiscal Environment

Source: Edler, J. and Georgniou, L. (2007)



4. Conclusions

To draw towards a conclusion we may revisit the initial intention of this paper to
explore the implications of a shift of emphasis from technology foresight to
innovation foresight. This does not imply the neglect of technology as a driver but
rather an opening up to the wider implications of the knowledge economy and
society and the forces and trends that drive and impact upon innovation. In the
economic sphere that innovation is most often effected by the business sector,
though it may be in the course of the provision by that sector of public goods. Two
key areas have been discussed in respect of this shift, its role in innovation and
industrial policy and the promotion of foresight at the corporate level. In these two
dimensions we may now conclude.

4.1. Innovation and Industrial Policy

Taking the first of these headings, we have identified a particular role for foresight in
taking advantage of the trend towards what we may term new wave demand-side
innovation policy. This means the use of foreSight as an instrument of bringing
together not only those responsible for the development of the technological or other
knowledge needed for innovation, but also those who are likely to make use of the
technology or to provide the regulatory environment in which it develops.

Along with promotion of cooperation between existing innovation actors, this fast-
tracks the development of an open innovation system and new industrial eco~sy~tem
in developing economies; systems which may otherwise continue to be dominated by
traditional structures. This has the double advantage of making successful innovation
more likely to occur and of channelling it towards solutions to some of the problems
posed by the path towards sustainable development.

As discussed in previous sections, foresight is an essential component in addressing
dimensions of innovation and industrial policy such as clusters and technology
platforms built on base of common visions and in creating a propinnovation culture
that channels broader government such as public procurement towards the use of
innovative goods and services again in a context driven by shared visions.

In practical terms this would mean that capacity building and assistance activities
should also engage with sectoral ministries and agencies responsible for areas such
as health, eco-innovation, food, housing and transport and to involve them in
foresight activities, along with the relevant industrial sectors and their knowledge
partners.

This approach combines elements of the emergent 4th and 5th Generation foresight
approaches discussed in earlier sections with a shift from the monolithic national
programme to a distributed, bottom-up model of foresight embedded at multiple
levels within (increasingly distributed) innovation system. It also recognizes that
knowledge acquisition by firms is as much about ability to scan and draw in external
technology and manage partnerships as it is about internal R&D.
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Multi-level governance provides many starting points for foresight which includes
both sub-national and supra-national regional dimension·s. Foresight is not about
reaching a single solution and may in this context also be driven by diversity and
competition.

Also important to emphasize is the need for more attention to be given to foresight
on structural issues, using it as a means at exploring and developing new paradigms
for themes such as industry-science relations, human resources for innovation and
sectoral policies.

For those concerned with support for poliCY,practical realization of this shift of
emphasis is largely not a matter of changing the instruments used. Capacity building
and t.raining remain key elements, awareness and foresight culture are core,
identification and spread of good practice between countries through conferences,
workshops, mobilization of experts and codification through gUidelines and online
resources are all important. Mobilizing finance is also essential for many countries.

The difference comes mainly in extending the content of such activities to a broader
range of actors and themes within productive sectors. Partnerships for foresight then
become the core for emergent knowledge-based economic initiatives. This also
implies partnerships between international agencies. For developing countries we
have seen that the chief benefits of foreSight lie in two dimensions:

• Creation of a space in which "difficult" issues of the present may be properly
aired by shifting to the future context; and

• Providing a means for transition which is designed to network with those who
will not only provide future markets but also are the conduits of information
about economic, social and cultural trends that may otherwise threaten to
exclude actors in developing countries.

4.2. Corporate Foresight

The development of corporate foresight capability on emerging economie,s cannot be
disassociated from the changes in the innovation environment which we have
discussed with their emphasis on networks and linkages. Nonetheless, speCific tasks
exist to build the corporate culture and capability to sustain foresight activities in
enterprises which may suffer both from lock-in to traditional thinking and markets
and from difficulty in escaping the day-to-day pressures of business survival.

If we can take two key messages from the experience of corporate foreSight to date
these would be:

• Foresight is only worth doing (or commissioning) if the engagement of the
principal stakeholders in the company is assured. This engagement is a function.
of the organizational positioning of foresight, the efforts made to secure
involvement before, during and after each specific exercise, the skill of
practitioners in presenting complex findings in a digestible format which
nonetheless maintains the necessary detail, and the ongoing challenge of
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demonstrating relevance and impact even when it is one signal among many
competing for attention in strategy-formulation; and

• The trend to open innovation has been matched by a similar move to open
foresight and emphasizes the need for corporate practitioners to be willing to
share ideas and approaches in return for gaining the necessary knowledge and
insights needed to perform their own functions effectively.

The most likely prediction for foresight is that it will continue to adapt and reinvent
itself both to keep pace with the changing structures in which technology and
innovation are managed and to maintain the interest and attention of the most
stakeholders that it needs if it is to have an impact either at the corporate level or on
the policies and partnerships that create the environment for the business sector.
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Experiences and Practices of Technology Foresight in the
European Region
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Abstract

Foresight has evolved as a distinct prospective analytical tool: it considers alternative
futures of various S&T fields or socio-economic systems by bringing together the
representatives of various stakeholder groups, and thus assists the decision-making
processes at different levels. In order to avoid the emerging of "hype -
disappointment cycles", which could be observed in the case of new, initially
promising technologies, the potential contributions to decision-making processes by
foresight should be clearly understood. The paper puts foresight into this broader
context of policy (decision) -making processes: it describes the evolution of different
policy rationales since the 1950s, develops a framework to classify the impacts of
various types of prospective analyses, and reviews the evaluation results of several
national foresight programmes by using this framework.
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1. Introduction
The evolution of foresight since its inception in Europe in the 1990s is a success
story; it has acquired prominence as a process aiming to support forward-looking
opinion formation in decision-making, both for public policies and businesses. This
is reflected, for instance, in the range of domains to which the initial national
technology foresight approach has been transferred over the past few years: (i) multi-
country; and (ii) regional levels, as well as (iii) sectoral perspectives; and (iv) various
policy areas, beyond STI policies.

In spite of this apparent success, the perspectives for the future are far from clear.
The notion of "hype -disappointment cycles", which has been developed to describe
the patterns of attention paid to emerging technologies, might be applicable to
foresight, too: initial enthusiasm has given way to a significant deal of scepticism in
several countries, and more recently to a more realistic assessment of the strengths
and the weaknesses of various types of prospective analyses.

There are two main reasons for this: (i) embedding foresight in the decision-making
processes is a far from trivial task; and (ii) the requirements from the new application
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domains where foresight is used, are not only challenging, but also different from
science, technology and innovation policies.

In this paper, we will look specifically at one of the policy areas where foresight has
become more prominent: innovation policy. The paper will proceed along three main
steps. First, we position foresight in the context of political decision-making and
implementation processes. Second, we analyse to links between foresight and
innovation policy. Third, we summarize the insights into the actual and expected
impact of foresight gained from several evaluation exercises, with a particular
emphasis on policy impacts.

2. Policy Challenges: Why to Conduct Foresight

2.1, Policy rationale for running foresight programmes

A number of technological, economic, societal, political and environmental trends
affect all countries and most areas of policy-making, thus a new culture of future-
oriented thinking is needed. Foresight can assist policy processes in various ways. It
stresses the possibility of different futures (or future states), as opposed to the
assumption that there is an already given, pre-determined future, and hence
highlights the opportunity of shaping our futures. Further, it can enhance flexibility
in policy making and implementation, broaden perspectives, and encourage thinking
outside the box ("think of the unthinkable").

The increasing number of national foreSight programmes suggests that foresight can
be a useful policy tool in rather different national innovation systems. As a growing
body of literature analyses this surge, the major factors explaining the diffusion of
foresight can be summarized here in a telegraphic style:

• Globalization, sweeping technological and organizational changes, as well as the
ever-increasing importance of learning capabilities and application of knowledge
have significantly altered the 'rules of the game'. Thus, policymakers have to take
on new responsibilities (as well as dropping some previous ones), while firms
must find new strategies to remain, or become, competitive in this new
environment.

• Given the above factors our future cannot be predicted by any sophisticated
model. Planning or forecasting of our future becomes more and more ridiculed in
light of rapid and fundamental changes. History also teaches us valuable lessons
about the (im)possibilities of planning and predicting the future. Therefore,
flexibility, open minds for and awareness of possible futures are inevitable.
Diversity is a key word: diversity in scope (in terms of possible futures, differing
analyses etc), as well as diversity in solutions or policy options.

• Decision-makers face complex challenges: socio-economic and technological
factors interact in defining issues of strategic importance, e.g.
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~ education and life-long learning (new demands on education systems; new,
mainly IT-based tools and methods for teaching and learning; the growing
need tor interaction and co~operattonwith businesses);

» environmental issues;

~ quality of life (health, education, demographic changes, especially the
growing share and special needs of elderly people, living and working
environment, social conflicts, crime prevention, etc.)j

~ competitiveness (at national and EU-level for attracting talents and capital, at
firm level maintaining and increasing market shares nationally and
internationally, etc.);

~ regional disparities, 1 especially in large countries.

• Most policy problems no longer have 'self-evident' solutions. Governments are
forced to make use of 'evidence-based policies', policies based on
knowledge/insight into what works and what does not. This does not mean that
values are no longer of importance. Values are still very important, but have to be
considered in the context of a given issue,

• Policymakers have to learn to cope with growing complexity and uncertainty of
policy issues themselves. Thus the precautionary principle is of a growing
significance.

• New skills and behaviour are required (e.g. problem-solving, communication and
co-operation skills in multidisciplinary, multicultural teams meeting more often
only "virtually", as well as creativity) if individuals or organizations are to prosper
in this new setting. This, in turn, creates new demands on the education and
training system (see above).

• Clusters, networks (business - academia, business - business, both at national,
international levels) and other forms of co-operation have become a key factor in
creating, diffusing and exploiting knowledge and new technologies, and therefore
in satisfying social needs and achieving economic success.

• There is a widening gap between the speed of technological changes and the
ability to formulate appropriate policies (which requires a sound understanding
of the underlying causes and mechanisms at work).

• Given the growing political and economic pressures, governments try hard to
balance their budgets, while cutting taxes, and hence they need to reduce public
spending relative to GOP. In the meantime accountability - why to spend
taxpayers' money, on what - has become even more important in democratic
societies. Public R&O expenditures are also subject to these demands.

• Policymakers also have to deal with intensifying social concerns about new
technologies (mainly ethical and safety concerns in the case of biotech or nuclear

I In this particular point, regional disparities are to be understood as intra~country ones.
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technologies, and fears of unemployment and social exclusion caused by the
rapid diffusion of information and communication technologies).

• Even the credibility of science is somewhat fading. Scientific research no longer
stands for 'true' in itself. The 'objectiveness' of policies based on scientific
research is questioned (by citizens, interest groups, etc.) as scientists themselves
are known to have different opinions and come to different conclusions on the
same issue.

• More generally, individualization, as a major recent trend, has several
repercussions. The ever more mature and independent citizens want to be
catered to their needs; this calls for 'mass customization' not only in
manufacturing and services, but to some extent also in policy-making. They are
also more and more informed about possibilities, possible negative effects, and
will not hesitate to voice their preferences. On top of this the social bases for
decision-making are quickly eroding. The 'usual', erstwhile social groupings to
which people belonged (e.g. churches/ religions, socialists, entrepreneurs,
workers) no longer provide relevant, sufficient guidance for all areas of decision-
making. People can, and nowadays do, belong to a multitude of different interest
groups; they are not bound by the traditional 'pillars'. Thus, the role of the
traditional intermediaries (political parties, unions etc) is becoming less
dominant. More and more specific interest groups (new intermediaries, e.g.
NGOs) have sprung up, and become increasingly important. This can be seen as
a supplement to democracy; citizens are exercising 'voice' in new ways (not just
once in 4-year election periods). Therefore decision-making is becoming ever
more complex. Coalitions (not those of political parties, but of stakeholders) are
not fixed, they tend shift issue by issue. All this calls for openness on possible
futures, flexibility, and room for diversity as mentioned above.

Besides the above trends, there are other speCific, policy-relevant methodological
reasons to apply foreSight. First, it can offer vital input for 'quantum leaps' in policy-
making in various domains. Usually policies evolve in a piecemeal 'way, in
incremental, small steps. From time to time, however, a more fundamental rethinking
of current policies is needed. In other words, policymakers occasionally need to ask
if current policies can be continued: do they react to (early) signs of changes, block
or accommodate future developments?

The parable of the boiling frog illustrates this point 'vividly': put a frog in a
cooking pot with cold water, and start heating the water. The frog will not jump
out, because it does not alerted by the slowly rising temperature. It will boil
alive.
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Second, foresight can also help in picking up weak signals: weak but very important
signals that a fundamental re-assessment and re-alignment of current policies are
needed. In other words, foreSight can serve as a crucial part of an early warning
system, and it can be seen as an instrument for an adaptive, 'learning society'.

In sum, participative, transparent, forward-looking methods are needed when
decision-makers are trying to find solutions for the above challenges. Foresight - as a



systematic, participatory process, collecting future intelligence and building medium-
to-long-term visions, aimed at influencing present-day decisions and mobilizing joint
actions - offers an essential tool for this endeavour, (EC DC Research, 2002) It helps
in making choices in an ever more complex situation· by discussing alternative
options, bringing together different communities with their complementary
knowledge and experience. In doing so, and discussing the various visions with a
wide range of stakeholders, it also leads to a more transparent decision-making
process, and hence provides a way to obtain public support. The process, in which
stakeholders communicate and share ideas concentrating on longer~term issues,
generate consensus, and co~operate with increased commitment in devising and
realizing a national strategy, has been deemed so crucial in several countries that it
has become one of the explicit objectives of running a foresight programme. The
foresight process can reduce uncertainty, too, because participants can align their
endeavours once they arrive at shared visions. Many governments have already
realized the importance of foresight activities, and thus this relatively new, and
innovative, policy tool is spreading across continents.

2.2. Relevance of Foresight for policy in CEE and other emerging economies

The above general considerations apply in catching-up countries in the Central and
Eastern European and NlS region, too. Quite a few pressures - especially the need to
change attitudes and norms, develop new skills, facilitate co-operation, balance
budgets - are even stronger than in the case of advanced countries. Moreover, most
of these countries also have to cope with additional challenges: the need to find new
markets; fragile international competitiveness; relatively poor quality of life; brain
drain. These all point to the need to devise a sound, appropriate innovation policy,
and even more importantly, to strengthen their respective systems of innovation.
Foresight can be an effective tool to embark upon these interrelated issues, too, if
used deliberately in this broader context.

Foresight can also contribute to tackle yet another challenge of emerging economies:
most of them are struggling with 'burning' short-term issues - such as pressures on
various public services, e.g. health care, education, pensions and thus severe budget
deficit; imbalances in current accounts and foreign trade; unemployment; ete. - while
faced with a compelling need for fundamental organizational and institutional
changes. In other words, short- and long-term issues compete for various resources:
capabilities (intellectual resources for problem·solving); attention of politicians and
policymakers who decide on the allocation of financial funds; and attention of
opinion-leaders who can set the agenda (and thus influence discussions and
decisions on the allocation of funds). These intellectual and financial resources are
always limited, thus choices have to be made. A thorough, well-designed foresight
process can help identify priorities, also in terms of striking a balance between short-
and long-term issues.

Further, foreSight can offer additional "process benefits" in the CEE/NlS region. By
debating the various strengths, weaknesses, threats and opportunities of a country
posed by the catching-up process, and the role of universities and research institutes
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in replying to those challenges, the process itself is likely to contribute to realign the
S&T system (including the higher education sector) to the new situation. An intense,
high-profile discussion - in other words, a wide consultation process involving the
major stakeholders - can also be used as a means to raise the profile of S&T and
innovation issues in polities and formulating economic policies. (Georghoiu, 2002)

To conclude, foresight can be a useful tool in the CEE region and other emerging
economies, too; in spite the fact that these countries can only exceptionally push the
frontiers of S&T progress. A number of factors seem to contradict this conclusion at
the first glance. Foresight is costly in terms of time and money. Further, advanced
countries regularly conduct foresight programmes, and their reports, Delphi-survey
results, etc. are readily available. Yet, only a national programme can position a
country in the global context and stir up dialogues on how to react to major S&T,
business, societal and environmental trends. Similarly, strength and weaknesses of a
given country would not be discussed by other programmes, let alone broad socio-
economic is.sues. Process benefits cannot be achieved without a national programme,
either. Without these, a country would not be able to improve the quality of life of
her population and enhance her international competitiveness.
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There are even stronger needs for strategic thinking in CEE countries and other
emerging economies than in the advanced countries, given their specific challenges,
in particular their transition processes and major changes in their external
environment. Yet, long-term thinking is discredited across the region. Policymakers
do not rely on modern decision-preparatory tools to a sufficient extent, and quite
often do not realize the close interconnections between RTDI processes and socio-
economic development. Thus, in many cases, they are only willing to spend on R&D
when "we can afford" - although it should be the other way around: "we spend on
promoting RTDI processes, because we want to foster wealth creation". Science,
technology and innovation policies are isolated from each other - if not "fighting" for
the same, limited set of resources - and major economic policies are not coordinated
with STI policies.

Foresight may change these attitudes, but exactly because of these factors, foresight
programmes are only scattered in the region. One cannot observe strong commitment
for profound foresight programmes, that is, serious consideration and determined
implementation of policy recommendations, acceptinglintroducing a new decision-
making culture, along with a new way of thinking, with more emphasis on
communication, co-operation, consensus among the major stakeholders, and joint
commitments to take action.

However, foresight should not be conducted for its own sake - just because it is
becoming "fashionable" throughout the world, and currently being promoted by
international organizations. On the contrary, there should be a strong link between
foresight, decision preparation and policy-making: foreSight should be used as a
policy tool to address major socio-economic and political challenges. It is not a
panacea, however; it cannot solve all the problems listed above, and cannot solve any
of them just on its own. Obviously, other methods and tools are also required, as well



as an assiduous implementation of the strategies devised either at national, regional,
sector or firm level.

3. From Technology Foresight to integrated policy strategies
3.1. Positioning foresight in the policy process: towards policy integration

In the 1960s, government policies in relation to research and technology were
predominantly inspired by an approach that today is often labelled as "picking
winners"; promising technologies, sectors and large players were selected as being of
particular public or strategic interest and were thus doted with significant amounts of
financial and other types of support. With the recognition of the limitations of
government's ability to actively plan and shape future developments in an efficient
and fully informed manner, the late 1970s saw the emergence of new paradigm in
research, technology and - then also - innovation policies, which was characterized
by a focus on shaping framework conditions that are conducive to innoyation. This
'hands off' approach was subsequently evolving into what is nowadays called the
systems approach to research and innovation, which not only deals with framework
conditions but also with the institutional and structural settings for R&D and
innovation (RTDI). In line with these concepts, the 1990s were also characterized by
a great reluctance of government policy to prioritise and select technologies and
research themes in a top~down manner. In recent years, and driven by fiercer
competition at global level for, especially, private investment in RTDI processes, we
can observe a shift in policy-making practices from shaping framework conditions
and structural settings towards strategic decision-making. Strategic II).eans here that
the thematic portfolio of a country and region and the medium- to long-term
perspectives are given a greater weight in science, technology and innovation (STI)
policies again. However, the growing complexity of innovation processes is also
recognized, by stressing the bottom-up component of networking and clustering as
important instruments for enhancing the innovative performance in emerging areas
of specialization. (OECD, 2002)

Similar to this shift in approaches to innovation processes and STI policies, there has
been a shift in the conceptual understanding of policy processes. Taking into
account inSights from strategic planning and complex social systems thinking, recent
developments in policy-making processes go beyond earlier cycle models and stress
interactivity, learning, and the decentralized and networked character of political
decision-making and implementation. Earlier technocratic and linear process models
of policy making in terms of 'formulation - implementation - evaluation' phases were
replaced by cycle models, where evaluations are supposed to feed back into the
policy formation and implementation phases. Already in these cycle models, policy
learning is seen as an essential ingredient of political governance. Recognizing the
fact that in view of the compleXity and the ever changing character of the object of .
policy - which strongly applies in the case of innovation policy - there is neither a
clear-cut recipe for, nor an overarching theory, of policy. From a different angle, we
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should acknowledge a fervent need for continuous adaptation and re-adjustment of
policies and related instruments.

More recently, it has been recognized that the effectiveness of policy depends also
on the involvement of a broader range of actors than those formally in charge of
policy decisions. The concept of distributed policy-making and intelligence
(Kuhlmann et al., 2001) draws our attention to various policy practices relying
extensively on the knowledge, experience and competence of the different
stakeholders concerned. From this network perspective, policy making is not just
about government, but about the joint impact of public and private decision-making
having an impact on society's course of change and the networked interactions that
precede formal decision-making. For government policy to be effective, this implies
the participation of stakeholders. Further, the role of government is shifting from
being a central steering entity to that of a moderator of collective decision-making
processes, that is, the principles of modern democracy have an effect in these fields,
too.
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With such an open and distributed model of policy-making in mind. it is now
increasingly recognized that an opening of political processes is necessary to ensure
the robustness and the effectiveness of its outcomes. This is also reflected in the EC's
White Paper on Governance (EC, 2001), which stresses five principles of good
governance: participation, accountability, openness, effectiveness, coherence.

The complexity and the interdependencies involved in policy-making are also
recognized in the need for policy coordination, if not integration, in four different
respects:

horizontal policy coordination, i.e. between different policy areas;

vertical policy coordination, i.e. between different administrative layers;

multi-level policy coordination, i.e. between different levels of governance
(European, national, regional);

temporal policy coordination, i.e. between different phases of policy making
processes. (OECD, 2005)

In this context, foreSight assists increaSingly interdependent and partly autonomous
decision-making processes in a systematic manner. Foresight looks well beyond
current day-to-day decision-making concerns. It uses a parricipatory approach to
generate insights on future challenges, directions of change, and thus devises
alternative visions with the aim of informing decision-making processes, either in
general terms of open debates or more specifically in support of specific issues that
are up for decisions.

The aforementioned shift in conceiving of policy-making processes is reflected in the
evolVing practices of foresight. First of all, it has emerged as a distinct approach as
opposed to forecasting exercises on science and technology. Historically this trend is
linked to the adoption of the term 'technology foresight' as distinct from 'technology
forecasting' and the like.' The underlying difference is that foresight is a participatory



activity, involving representatives of different stakeholder groups, while forecasting
activities are solely based on S&T expert opinion.'

As a second important trend, several foresight programmes have incorporated market
and business aspects, while yet another group of them considered societal issues.
This broadening of the scope of forward-looking exercises can be interpreted as a
reflection of the abandoning of simplistic models of technological change, and the
adoption of a systemic understanding of innovation processes, including the co-
evolution of social, economic, and technological changes.

Thirdly, we can see a strong emphasis on, and belief in, the contribution of foresight
activities to shaping rather than predicting and controlling the future. The Delphi
surveys in the 1970s and 1980s were strongly influenced by the linear idea that the
consensus achieved given the Delphi exercise could serve as a forecast, and thus as a
foundation for taking preparatory actions to exploit emerging technologies. A
similarly linear perspective, but from a different angle, holds for the critical
technology studies conducted in the US, in France and the Netherlands. They also
relied largely on a predictive approach and combined it with the idea of being able to
secure through national poliCYa leading edge in selected technologies. (Andersen et
aI., 2007) Subsequently, new forms of Delphi have been developed that do not strive
to achieve consensus on future forecasts, but rather to map diversity of opinion.
(Best et al., 1986) In the meantime, countries that until the 1990s were relying on
Delphi surveys to support their research and technology policies have recurred to
complementing their tool box by other methods to promote more intense
participation (e.g. direct communications among the participants); the cases in point
are, for instance, the German Futur process or the French FutuRIS project.

ForeSight processes bring together not only experts, but also decision-makers from
research, industry, policy-making and society, and thus a shared understanding of
current problems, goals and development options can be expected to emerge among
those actors that have an important role to play in shaping the future. This
converging understanding of the issues at play is likely to contribute to improving
implicitly the coherence of the distributed decisions of these actors, in line with the
shared mental framework developed. In other words, the future is being shaped by
aligning expectations and thus 'creating' a self-fulfilling prophecy. These so-called
process outputs are often regarded as more important than the actual substantive (or
tangible) outputs like reports and websites.'

Finally, and most recently, we can observe an increasing interest in foresight activities
that aim at supporting strategy formation both at collective level and at the level of
individual organizations, e.g. "Adaptive Foresight" (Eriksson and Weber, 2007), or
"Sustainability Foresight" (Truffer et aI., 2007). This interest is fuelled by the
recognition that there is a translation problem apparent in foresight approaches that
predominantly rely on broad participatory processes, namely the translation of
shared collective problem-perceptions, expectations and visions into concrete
decisions of individual actors and organizations. From this perspective, Foresight can
be interpreted as an integral element of networked and distributed political decision-
making by providing three crucial functions (da Costa et aI., 2007; Eriksson and
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Weber, 2007; Weber, 2006), which - in line with the network-type distributed model
of policy-making processes - are provided simultaneously rather than in distinct
phases:

First, policy informing by generating consolidated findings concerning the
dynamics of change, future challenges and options and transmitting it to
policymakers as an input into policy conceptualization and design, This
function is an important incentive for policymakers to initiate a foresight
programme in the first place,

Secondly, policy strategic counselling by merging the insights generated in the
context of policy informing foresight activities with perspectives on the
strategiC positioning and options of individual actors, to support their
internal decision~making processes,

Thirdly, policy facilitating by building a common awareness of current
dynamics and future developments as well as new networks and visions
among stakeholders, thus facilitating the implementation of policy strategies,

Figure 1, Adaptive Foresight

Open participation
Discourses
Joint visions! scenarios
Mobilisation

Facilitate implementation &
realisation
Concrete follow up
Collective actions
Coordination

internal processes
Interpretation
Individual strategies

Source: adapted from Eriksson and Weber (2007)

Against this background, it is now pOSSible to systematize the potential policy
impacts of foresight, by draWing first of all on the three main functions of foreSight in
relation to policy-making processes, secondly on the range of impacts that have been
assigned to foresight in the corresponding literature and thirdly on the time lag at
which an impact occurs.' (Table 1)
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Table 1. A Framework to Classify Impacts of Foresight Activities

Function Time lag Targeted and/or unintended impact

Informing Immediate • Increased recognition of a topic area

• Awareness of science, technology and innovation among players,
creating debate

• Awareness of systemic character

• Training of participants in foresight matters

• New combinations of experts and stakeholders, shared
understanding (knowledge network)

Intermediate • Articulation of ioint visions of the future, establishing longer- -
term perspectives

Ultimate • Integrate able new actors in the community

Intermediate
Counselling Immediate • Make hidden agendas and objectives explicit

• Devising recommendations and identifying options for action
• Activate and support fast policy learning and policy unlearning

processes
• Identify hidden obstacles to the introduction of more informed,

transparent, open participatory processes to governance
Ultimate • Influence on (researchi policy) agendas of actors, both public and

private (as revealed, for instance, in policy strategies and
programmes)

• Incorporate forward-looking elements in organizations' internal
procedures

Facilitating Immediate
Intermediate

• Effective actions taken

Ultimate

• Formation of action networks
• Creation of follow-up activities
• Adoption of foresight contents in the research and teaching

agenda of organizations; Foresight spin-off activities in various
disciplines

• Improved coherence of policies
• Cultural changes towards longer-term, holistic, and systemic

thinkin"'9 _

Source: ARC sys, building on Cassingena Harper and Georghioll (2005), PREST (2006) and
ForSocicly (2007)

3.2. Different application areas

The various benefits of foresight in the policy-making processes can be enjoyed at
the level of national economies, as well as at multi-country, or regional levels. or in
industrial sectors. Moreover, policy-oriented foresight exercises have been addressing
a wide range of fields. Thus, a rough categorization of foresight exercises can be
made in terms of its focus on:

A certain geographical territory (i.e. local! regional, national, transnational,
international)
A certain socio-economic domain (a specific industrial sector, 5MEs, clusters,
etc.)
A certain policy field (transport policy, innovation policy, etc.)
A certain topic (women entrepreneurship, crime prevention, etc.)

In all these respects, the recent years have witnessed a broadening coverage of
foreSight programmes. The initial focus on predominantly national foresight exercises
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has been complemented especially by regional foresight (Gavigan et aI. 2001), but
also by a growing interest in European Union level and/or multi-country foresight
exercises, where appropriate. The three latter 'thematic' categories have received fast
growing attention, often in combination with one of the geographic levels. While
initially, technology foresight was the dominant thematic focus of foresight initiatives,
we have recently seen the emergence of topics that have hardly any link with
technology, covering subjects such as poverty, social security systems, cultural
heritage, ete. Not the least the regional wave of foresight has contributed to
substituting the technology focus by the much broader concepts such as innovation
and regional development.

These arguments are supported by the findings of the European Foresight
Monitoring Network (EFMN), which has conducted a systematic scanning and
analysis of foresight exercises worldwide (though with a strong emphasis being put
on the European Union). It shows that out of about 800 exercises analysed (as of
September 2006), a fairly even coverage of the eight thematic areas can be observed,
with exercises focusing on social science and humanities perspectives standing out a
particularly important.5 (Figure 2a)

Over time, there has been quite some fluctuation in terms of the relative importance
of these thematic areas (Figure 2b), with socio-economic issues (in the database, and
hence in the figure labelled as social sciences and humanities), leT and energy
growing significantly in importance over the past three to five years. Environmental,
energy and transport-related themes turned out to be the most important concerns
cutting acroSs the entire set of EFMN exercises (i.e. they were frequently mentioned
in the EFMN exercises with a different focus), whereas projects on social sciences
and humanities tend to be conducted rather as stand-alone activities with little
reference to other areas. (Keenan et al. 2006, p.9; Figure 3)

This quantitative evidence on the broadening of the thematic orientation of foresight
work is further reinforced by looking at some of the specific themes that were
addressed in the most recent generations of national foresight programmes, with
subjects such as crime prevention (UK Mark 3), flooding (UK Mark 3), sustainable
infrastructures (German socio-ecological research programme).
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Figure 2a. Importance of different thematic areas
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Figure 2b. Evolution of the importance of different thematic areas 1996-2006
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Figure 3. Consideration of main thematic areas in foresight exercises
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While this first statistical analysis of recent developments in foresight! prospective
activities reflects the changes in importance that is assigned to different thematic
areas and issues. it does not say much about the actual results that have been
generated. In fact. a comprehensive and thorough analysis of the content of foresight
exercises has not been conducted so far. not even for foresight in Europe. Cross-
cutting analyses of foresight activities in Europe have focused on specific themes and
areas.o

Foresights reports and policy strategy documents from seven EU countries have been
analysed by Mahroum et al. (2004). The study identifies both major emerging socio-
economic challenges and the potential contributions of main current and expected
future developments in major fields of scientific and socio-technical research to
tackling these challenges. Six main challenges were identified:

Pervasive globalization: Globalization is widely regarded as an unavoidable
trend that is creating major social and structural challenges for societies. The
world's economies are bound together by trade. investments. financial flows
and the growing mobility of highly trained people. Globalization does not
only make collaboration and openness between countries imperative, but
also within societies. The rapid expansion of globalization is literally
transforming the European region into a borderless area with massive
opportunities and enormous challenges.
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Transition to a knowledge~intensive economy and society: All countries are
preparing for the knowledge-intensive society, as knowledge has become the
most important competitive factor. The emergence of the knowledge-intensive
([earning) society is identified as a main challenge in the vast majority of
foresight reports analysed. In fact, the Finnish foresight report is even
entitled The Future is in Knowledge and Competence.

Growing regional disparities and social marginalization: In a globalizing and
urbanizing world, in which cities compete with each other to attract inward
investment, local politicians are seeking to create high quality, healthy,
attractive living environments for their own citizens, and to attract businesses
from elsewhere. Businesses with high value-added and complex, knowledge-
intensive activities are located in regions with good development conditions
including strong knowledge infrastructure, a good business climate,
availability of skilled labour, and a good liVing environment. All industrial
countries are competing to create dynamic regions that provide these or
similar conditions. However, this co~petition creates not only winners, but
also losers, and growing disparities can be observed at the level of regions as
well as at the level of individuals.

Transformation of health care: The various foresight/prospective reports
indicate a clear need for a substantial overhaul of the health care systems, as
Europe (and the world) embarks on a new dawn of preventive and pervasive
health care services and delivery. Those will be primarily driven by a number
of forces, technological advances, aging, and changing lifestyles. Europe will
be further challenged to harness its research capabilities to increase its ability
to deal with, and prevent, health crises. The challenge is thus for European
health care systems to move from curative to preventive health care systems.
Preventive health care systems will require focusing on new ways of life (diet,
drinking and smoking habits, sports, etc.), delivering health services, the
development of new pharmaceuticals, diagnostics and treatments and also
the development of healthy and functional foods and materials.

Management of environmental resources and energy supply: The
environment, high quality of life, and stable and efficient energy sources will
increasingly become 'values' that people are interested in taking care of and
that they are willing to pay for. The values are visible in investment patterns,
consumer behaviour and legislative changes.

Consolidation of the information society: The development enabled by digital
solutions and the Internet will continue to have a crucial impact on the
development of all industries and social sectors as well as on the lives and
practices of individuals according to all reports surveyed. The digital
revolution, with its new communications and information technology, has
changed society and our way of living and it will continue to do so. The
digital dimension is everywhere. These new applications will continue to help
improve productivity in the traditional sectors of industry. They will also
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continue to change the workplace and the ways we work, providing us with
greater independence in terms of time and space.

While these six challenges reflect the most important future concerns many
European countries share, the reports analysed also underline the crucial importance
of five existing and emerging areas of science and technology development for
addressing these six challenges.

Complex systems management is a critical scientific field. In almost all the
challenges mentioned above, issues of a complex (as opposed to a merely
complicated) nature at are play. In fact, the transformation of large-scale
socio-technical systems can only be handled on the basis of a consolidated
understanding of how mechanisms of complexity work.

Information and Communication Technologies have obviously a key role to
play when dealing with the problems of globalization, with the realization of
the knowledge-intensive society, for reducing regional and social disparities,
for environmental management and for health care. It is this pervasive
character of lCT which makes it so critical.

Nanotechnology is equally a pervasive technology, though not yet to the
same extent as ICT. A.s an enabling technology, it also has an impact on the
advancement of ICT and other ground-laying technology areas, which then
find their application in health products and services, or various types of
advanced products in a knowledge-based society/economy. Furthermore, due
to its - contested - impacts on resource consumption, nanotechnology will
have a direct impact on environmental resources, whether this impact will be
positive or negative.

Biotechnology and genetic technology are repeatedly mentioned as S&T
areas of strategic importance, However, as their importance grows, they raise
a number of important risks and contentious issues with respect to social
disparities (e.g. access to advanced genetic cures), globalization (investment
in genetic technology with lax regulation) and knowledge-intensive
economy/society (who benefits economically from genetic technology), let
alone environmental resources (e.g. impact of genetically modified organisms
and food).

Energy systems have a rather dear prime challenge to address, i.e.
environment and energy, but it is also of importance of globalization (global
energy supplies of oil, hydrogen, electricity), knowledge-based economy
(economic impacts of cheap energy, external costs) and regional disparities
(the energy rich vs. the energy poor, adapted technology to poor countries).

While this may be a sketchy representation of what is regarded in Europe as major
challenges and S&T developments of the future, it is a first approximation.
Obviously, the level of attention paid to these issues differs by country and depends
on their specific socio-economic situation and cultural context.
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4. Innovation policy and foresight
Similar to foresight, innovation is a horizontal, cross-cutting policy matter that affects
many other policy areas, most notably energy, environment, transport, regional
development, industrial change, health, education, and others ("horizontalisation").
These policy areas, in turn. can have quite important impacts on innovation
processes and innovation performance, too. This implies that the requirements of
these policy areas need to be taken into account in innovation poIlcy and vice-versa.
The growing inter-dependence of policy areas is one of the motivations for stressing
the need for better policy coordination with respect to innovation-related issues, and
it has been one of the drivers behind the emphasis put on systemic innovation policy
instruments in order to complement classical policy instruments such as direct
research subsidies and public procurement. Systemic instruments are meant to
enhance the capability of innovation systems for self-organization and therefore
address innovation policy at a system level.

These insights also contributed to the emergence over the past two decades of a more
'humble' perception of what policy-making can actually do and deliver with respect to
innovation: (i) policymakers cannot be seen as perfectly informed social planners,
but at best as mediators and initiators of collectively negotiated decisions, and
(ii) the formation of policy strategies must be seen as a continuous, interactive
learning process.

From this perspective, foresight on innovation policy issues can be interpreted as a
systemic coordination mechanism that not only mediates between policy actors and
different stakeholder communities, but also between different policy areas (and their
respective stakeholders) affecting innovation. In other words, foreSight activities
contribute to an infrastructure of distributed intelligence that is enabling the whole
system to better address future challenges, and especially also link RTDI processes
more closely to socio-economic needs by offering a forum for exchange between
RTDI demand and RTDI supply perspectives. It is also reckoned that foreSight actors
develop a stronger inclination towards long-term strategic thinking and better access
to relevant knowledge for developing their internal strategic planning. As a
consequence, combining foreSight practices with the establishment of other
intelligence competences helps ensure the tight embedding 01 lorward-thinking and
policy learning.

These observations may serve to underpin the potential lor synergies between
innovation policy and foresight. but the actual effectiveness 01 foreSight depends to a
Significant extent on its neat embedding in the innovation system and innovation
policy context ('contextualization'). Subsequently, four important dimensions of this
contextualization shall be briefly discussed: governance culture, policy attention,
socio"·economic dynamics, and resource availability.

Governance culture

In countries that already have a set 01 elaborated innovation policies in place, these
tend to be underpinned by a whole set 01 strategic intelligence instruments, ranging

42



from innovation research and monitoring to impact assessments and evaluations.
Within this portfolio, foresight often acquires a special role to inform debates,
support strategy formation and facilitate the implementation of policies, but its
influence on innovation policy depends on the role of the other instruments of
innovation policy intelligence and learning, This kind of situation is characteristic of
most Western European countries, where more or less differentiated governance
mechanisms have been established to develop, monitor and re-orient government
policies, In countries, where the innovation policy culture is less developed, such as
in most transition economies, in developing and/or industrializing countries,
foresight as a participatory approach can be much more prominent ('visible') in
contributing to the coordination of poliCies and actors, not the least due to the
absence of other intelligence approaches. In these countries, it seems to have the
potential to structure catching-up processes in assembling new actors, integrate them
into a consensus-oriented dialogue and thereby effectively support policy-learning
and unlearning processes. Moreover, it provides the ground for setting up and
exploiting the potential of other intelligence approaches by contributing to the
shaping of an innovation and strategy culture. (The obvious examples are, CEE
countries, Malta, and a number of developing countries).

Policy attention

Still, the governance culture alone does not explain major differences in the
effectiveness of foresight. In countries with a highly developed innovation policy
culture, the importance of foresight as compared to other instruments depends very
much on its positioning and the support enjoyed by high-ranking policymakers. The
British Mark I Foresight experience and its impact on agendas was not the least due
to the high-level of policy attention it received, and to the close link to the
responsible Minister's office. In Sweden, the existence of a well developed range of
other policy support mechanisms made foresight one instrument among others, and
without gaining priority, it left much less room for impact. The on-going innovation
policy foreSight by the City of Vienna is closely tied to a process of re-positioning its
STI policy. even if this close link may not have been intended right from the outset.
However, one should also note the risks involved in a close link with, and attention
of, policymakers. Policy attention is often closely tied to issues that are high on the
policy agendas. a situation that may give rise to an instrumental use of foresight
results for political purposes rather than to an open-minded discourse about
challenges and options for the future. The framing of a foreSight exercise, e.g. in
terms of time horizon, objectives and ownership is crucial to ensure the right balance
between attention and openness.

Socio-economic dynamics

The timing of a foreSight exercise is also very important for the contribution it can
have to innovation policy. In countries that are facing major structural changes and
expecting new developments to emerge in the coming years, the need for orientation
and forward-looking information is much more pressing than in countries that are in
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a comparatively stable economic and social development phase. The transition
economies in Central and Eastern Europe are examples in case (Havas 2003b). as
well as many industrializing countries. However, also in the so-called advanced
countries, characterized by apparently stable socio-economic structures, foresight
can be highly relevant to discuss alternative futures. In the light of strong pressures
stemming from globalization and major social and techno-economic forces, quite
fundamental and structural changes are reqUired (e.g. in ierms of business practices,
economic structures and incentive mechanisms, skills development, attitudes, etc.),
but are difficult to introduce due to strong path-dependencies inherent in the
dominant socio~technicalregimes.

Resource availability

Closely related to the dimension of socio-economic dynamics, the availability of
resources and finance can reinforce the interest in and the impact of foresight.
Economic standstill or even recession tends to lead to resistance to change and
makes it very difficult to allocate resources to new future-oriented activities. Yet, even
under such unfavourable circumstances, shared visions can reduce uncertainty,
facilitate priority-setting or at least the acceptance of the need for priority-setting,
and thus lead to a more effective use and exploitation of scarce public money.

The horizontal nature of both innovation (policy) and foreSight, and the embedding
of foreSight in its wider socio-economic and political are key aspects to be taken into
account when discussing the impact of foresight, and its likely future(s).

5. The impact of foresight on policy
5.1. Assessing the impact of foresight in the context of innovation policy

The assessment of impacts of foreSight must rely on a consolidated understanding of
the policy processes it is embedded in, taking into consideration the three functions
outlined above. The policy facilitating function has been highly stressed among .
foresight experts. However, the first methodological attempts to grasp not only the
direct but also the indirect impacts of foresight exercises on the shape and course of
government policies have been made only relatively recently. The empirical basis on
which to draw is thus rather scarce. The analysis can only be based on the evaluation
of four recent foresight exercises, the second rounds of the UK and Swedish foresight
exercises, the eFORESEE project in Malta, and the experience with the Hungarian
foreSight exercise (TEPl. with a fifth evaluation, i.e. the one of the German Futur
process, not being publicly available.'
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Table 2. International Foresight Activities and their Evaluations

Country Dates of Foresight Date of Years in Public R&D Expenditures
Process Evaluation Between (2003. % of GDP)

Report! Analysis
Hungary 1997-2001 2004 3 0,62
Malta 2002-04 2005 1 0,19
Sweden 2002-04 2005 1 1,02
UK 2002-now 2006 0 0,68

Source: ARC sys, public R&D expenditures from the European Innovation Scoreboard 20058

As regards the various functions of foresight, little is known so far in terms of impact
assessment. While the informing function is generally acknowledged (though little
hard evidence provided), the policy counselling and policy facilitating functions are
still comparatively novel, and have thus not yet been subject to deeper investigations.

In this chapter, the various evaluation reports are analysed in terms of the impacts
the foresight programmes had with respect to the three main functions of foresight
according to the process model and the impact assessment framework outlined in
Section 3: policy informing, policy counselling, and policy facilitating. Some key
issues resulting from this analysis of assessment results are discussed thereafter,
aiming at highlighting contextual factors that strongly influence the likelihood of
haVing an impact on policy (or not).
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Assessment of the Policy Informing Function

Results of the foreSight process constitute a 'reservoir of knowledge', which is
available for policymakers over the following years. They unevenly find their way as
active inputs in the political discourse, either through personal networks or simply
because there is a conclusive text available 'off the shelf' when policies are being
drafted. (Georghiou et al., 2004. p. 5)

With respect to the policy informing function, the quality of the reports produced
during the foresight exercise is crucial. To simply make a report of the unstructured
musings of a panel is seen as very negative and significantly undermines the effects
such reports can have in decision-making processes. This is especially true, if the
choice of the panel members, which consequently strongly determines the outcomes
of the entire foresight programme, is neither transparent nor systematic. The
information provided in the reports must not be perceived as party-political or partial
either, as this clearly impairs the confidence in their quality. Instead, the trust in the
quality of the reports (and thus their legitimacy as foundation for policy decision)
increases if i) high-level independent experts are involved and carry the exercise (e.g.
in the UK): and ii) the exercise is highly inclusive in terms of participation, which
means that the knowledge of a large number of interested and informed people is
tapped (e.g. Malta). In order to achieve this, foresight may need to be done in parallel
at different levels, with different customers. (Arnold et al., 2005, p. 33)



Assessment of the Policy Advisory/Strategic Counselling Function

There are clear difficulties in assessing the policy advisory function, the most
obvious of which is the time lag between the foresight exercise and the emergence of
results in political decisions, The impacts of foresight activities on policy-making are
likely to occur and become visible only some time after the foresight process for
several reasons, First, it often takes time for the 'reservoirs of knowledge' to be found
and absorbed, so they tend to shape decisions only after some time - although there
are exceptions from this general tendency, see e,g, the Irish case, Secondly, the
negotiation and bargaining processes associated with policy formation,
interpretation, and implementation also take their time and lead to a decelerated
perception of actual foresight impacts, (PREST 2006, p, 17) This holds for both the
products and the process benehts of foresight.

The situation is slightly different in those cases where foresight elements are closely
linked to processes of policy formation, like for instance in the context of the Dutch
Transition Management experiences, (Kemp and Rotmans, 2005; the recent review of
the Austrian technology and innovation policy strategy, BMVIT,2006) In these cases,
the impact on policy formation is quite immediate, but they require a balance
between open participatory and closed internal phases of opinion formation,

Assessment of the Policy Facilitating Function

There is very little known about the continuing contact of major stakeholders after
the end of a foresight exercise, In Sweden, at the individual level nearly everyone
found that participating in TF2 was an immensely enjoyable and learning
experienced and [...J that their personal networks were greatly expanded, in a number
of caSes they also argued that this would boost their careers. (Arnold et ai" 2005, p.
30) The adherence of distinct networks on the whole, formed during the foreSight
process, seems to depend to a great extent on financial support after the end of
foreSight exercise; see, e,g. the UK experience.

5.2. Special features of the evaluation of recent foresight exercises

5.2.1. The Second Foresight Round in the UK

The evaluation report of the UK ForeSight round launched in 2002 found as
immediate effects the increased recognition/profile for the topic area, and new
combinations of experts and stakeholders brought together. Both may be attributed
to the policy informing function, (PREST,2006, p. 17ff)

Intermediate effects include (i) the articulation of visions of the future, and (ii) the
formulation of recommendations and options for action, These first two intermediate
effects may be summarized under the policy advisory function, and were clearly
achieved through the reports generated by the various projects launched in the
course of the UK foreSight round 2002. A third intermediate effect is the formation of
action networks, which already points towards impacts in terms of policy
implementation. However, evidence is less conclusive concerning the formation of
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action networks, which seems to be highly dependent upon the sponsor agency, and
hence much more needs to be done to render them self-sustaining.

Ultimate effects include influence on research agendas of both public (the UK
Research Councils, UK government policy) and private actors (industry), and may be
observed in the range of policy counselling and policy implementation. Effects in the
public domain are evident in the stimulation of new areas of work within existing
programmes and fora, rather than the formulation of whole new programmes.
Ultimate effects are a lot more difficult to trace in the private sector. First, the private
sector features less prominently in the current UK foreSight round. Second, foreSight
impacts in industry do not manifest themselves in publicly accessible
documentation. What remains is anecdotal evidence of participants from industry
that foreSight activities are perceived as successful and interesting events.

A Brief Overview of Policy Impacts in the UK

The second round of foresight in the UK was organized in different projects, which
vary considerably in their impacts on policy making.

The foresight project on cognitive systems (CS) was not intended to directly exert
influence on policy (other than research policy, by offering funds for cross-
disciplinary proposals building on the CS project). (PREST,2006, p. 37)

The flood and coastal defence (FCD) project was used heavily to inform the
sponsoring ministry's (Defra) long-term strategy on flooding. It has provided a
route map as a result, a map for Defra to use in policy development and decision
making. Furthermore, the HM Treasury stresses the important contributions of the
project for the Spending Review (SR) 2004, which ensured the high level of
funding for flood management allocated in SR 2002. (PREST,2006, p. 43ff)

In the one-year-report of the project on cyber trust and crime prevention (CTCP)
on its impacts on government policy making, mention is made of workshops using
the project scenarios of CTCP, also of CTCP contributing to the definition of fraud
and to the Cabinet Office's development of a Strategy for Information Assurance.
The DTI Innovation Group's newly forming priority on cyber security presumably
relies to a large part on CTCP. However, some interviews suggest that the policy
impacts of CTCT may be limited or delayed due to factors outside CTCP e.g. the
turnover of the responsible minister. (PREST, 2006, p. 49ff)

The foresight project on exploiting the electromagnetic spectrum (EEMS) was
aimed at assessing the research field in terms possible commercialization. It
exerted some influence on the calls of the Research Councils and of DTI's
Technology Programmes, but Foresight in general is just one of the many inputs
DTI uses to identify areas to support. Yet, the response from the community to the
calls was below expectation, which suggests that it is an area still someway off
readiness for commercialization. (PREST, 2006, p. 56ff)

The project on brain science, addiction and drugs (BSAD) identified possible
contradictions in the current policy, with current a possible future developments.
The responsible ministry has already used the outputs. However, as the project
was launched in 2005, the views of those interviewed were that it was still too early
to speculate on longer-term impacts on policy. (PREST,2006, p. 6lff)
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5.2.2. eFORESEE in Malta

The foresight exercise carried out in Malta in 2002-2004 was conducted in the
context of a political system undergoing fast pressures of change in the critical phase
of pre-accession to the European Union. The assessment of the exercise revealed that
the impacts that are particularly elaborated on are the ones related to the project
Malta's Knowledge Futures in lCT and Education Pilot. The main targeted output here
was a vision of Malta in 2010. Furthermore. the pilot used five edged and well
identifiable success criteria as objectives and measures ot achievement

In the domain of policy informing, the objectives were to develop high quality
scenarios worthy of publication and the involvement of new actors beyond the
established players in the field. Concerning policy counselling. the objectives were to
identify textual modifications or inputs in the National Development Plan. a specific
reference and follow-up activities in the NDP, resulting from the foresight exercise.
With respect to policy implementation, the objectives were the development of action
plans worthy of publication, bringing to the table in the form of a 'core group', the
main high-level visionaries and strategic planners in Malta, and the formation of new
public-private partnerships that would take action on business opportunities
identified via this exercise.

An evaluation has concluded that the objectives have been met, the main policy
development being the launch of an updated RTDI Strategy (2003-2006) and its
implementing tool, the RTDI programme. The foreSight exercise has been
instrumental in identifying the key weaknesses in the national system of innovation,
which, in turn, have been targeted by the RTDI programme. (Cassingena Harper and
Georghiou, 2005, pp. 94 if)

Several major unforeseen impacts that came to the fore during the implementation
phase have also been identified:

Activation and support of fast policy learning and policy unlearning
processes,

Engaging able new actors and integrate them in a consensus-oriented
dialogue.

Identification of hidden obstacles to the introduction of more informed,
transparent. open participatory processes to governance.

A shift from the targeted set of objectives set at the beginning of the exercise
to the informal or societal goals, which also formed part of the task. The shift
was made when in the course of the exercise it became clear that in achieving
the objectives targeted in the outset, work had also to be addressed the set of
goals related to the socio-cultural context.

Increased awareness of science, innovation and technology policy concerns
among local players. This impact was accelerated as the exercise was highly
inclusive and sought to engage actors at all levels (strategic players,
politicians and policymakers as well as experts in the fields of social and
natural sciences).
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Increased awareness of the need for consensus-building approaches in long-
term vision-setting exercises if policies are to prove sustainable.
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Foresight spin-off activities in various disciplines, as some of the panel
members responded proactively to the issues under discussion and embarked
on their own foresight activities. (e.g. FutureChild, theatre foresight, tourism
foresight, etc.)

Investments in foresight training in order to ensure the quality of foresight
processes and results.

The adoption of foresight contents in the research and teaching agenda of the
University of Malta. (Cassingena Harper and Georghiou, 2005, p. 99ff)

5.2.3. The Technology Foresight Programme in Hungary

The Hungarian Technology Foresight Programme (TEP) proceeded from 1997 to
2001, as the first experience of a full-scale national foresight activity in a transition
economy. The Steering Group and the seven thematic panels assessed the current
situation, outlined different visions for the future, and devised policy proposals. The
thematic panels analysed the key aspects of the following areas: human resources;
health and life sciences; information technology, telecommunications and the media;
natural and built environments; manufacturing and business processes; agribusiness
and the food industry; transport. Their main concern was to identify major tools to
improve the quality of life and enhance international competitiveness, and thus they
emphasized the significance of both knowledge generation and exploitation.

TEP was evaluated by an international panel in 2004. (Georghiou et al., 2004) It was
Central part of the evaluation was a survey which produced 62 responses. According
to the survey respondents, the most important effects were mainly in the area of
cultural changes - establishing longer-term perspectives, and introducing greater
inter-disciplinarity were the effects which stood out most in their rating of
importance. Both effects may be interpreted as part of the policy informing function,'
the first effect also as part of the policy facilitating function. However, the effects
achieved in terms of the original objectives were seen as quite weak, particularly
influencing the research directions of industry or the public sector. It also had an
effect on the climate of thought as it introduced longer-term holistic thinking in a
period when the country was dominated by a short-term agenda (partly because of
economic challenges but also as an opposition to the long-term planning in the
political past). (Georghiou et a!., 2004, p. 4 ff)

With respect to policy counselling, the effects of the Hungarian foreSight on public
policy are apparent now, but they took much longer than expected to materialize.
(Havas 2003a) The process behind this materialization was a "slow and non-linear
process". (Georghiou et al., 2004, p. 5) In various policy areas (e.g. strategic
documents by the Prime Minister's Office, transport policy, the national health
programme, environmental policy, IT policy) do statements, recommendations,
sometimes exact passages, reflect results from TEP. It seems that the reservoir of
knowledge created by TEP unevenly entered the policy making processes, either



through personal networks or simply because there was a conclusive text available
when policies were being drafted. (Georghiou et al .. 2004, p. 5)

A few more impacts can be observed since the evaluation exercise was conducted.
The broad visions presented in the first National Development Plan (2004-2006) have
relied heavily on the so-called macro visions published in the Steering Group report
of TEP. Further, the first ever STI policy strategy, approved in March 2007by the
government, is also making explicit reference to these macro visions.

5.2.4. The Second Technology Foresight Programme in Sweden (TF2)

In Sweden, the foresight process took place in 2002-2004. and it was evaluated by an
international team in 2005. The evaluation report states that organizations (research
organizations. consulting agencies, and foundations) appear to be the main winners
and users of the results. (Arnold et al., 2005) There is little sign of direct influence at
the decision-making or political level (in our terminology: the policy counselling
function). However, there has been a considerable overlap between various
undertakings in the domain of research and innovation policy: TF2, the Research Bill
and the national innovation strategy Innovativa Sverige were all devised in the same
time. (ibid, p. 23) In their interviews, civil servants argued that the results of TF2 were
not well marketed in the policy-making system, and that the synthesis report was
produced well after the 'window of opportunity' to influence the Research Bill.
Concerning the policy informing function, it was argued that the synthesis report was
perceived to be party-political, which undermined its credibility. (ibid, p. 28) The
most obvious impact of TF2 was the organization of a series of fora for young people
to debate the future.

5.3. Key issues from the foresight impact analyses

As an overall assessment of its impact, Foresight is a useful decision-preparatory
tool, as suggested by its wide-spread use across continents, as well as by theoretical
considerations. Foresight can assist decision-makers in tackling a number of complex
challenges: it can reduce technological, economic or social uncertainties by
identifying various futures and policy options, make better informed decisions by
bringing together different communities of practice with their complementary
knowledge and experience, obtain public support by improving transparency, and
thus improve overall efficiency of public spending. (Havas 2006) However, network-
building effects are at least as important as the actual results of the process. The
added-value of foresight increases when it is possible to overcome traditional
sectoral! disciplinary barriers and to succeed in engaging able new actors beyond the
established and well-known players in the field. This forges novel linkages within the
innovation system and increases the recognition of the foresight topic area among
the various players.

The results of evaluation exercises conducted so far also indicate that there are a
number of key issues that can either hamper foresight from being effective in
exerting an influence on policy-making, or significantly enhance their impact.
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Enrolment of Able New Actors and Formation of Actor Networks

According to the participants of many foresight processes, the network-building
effects are at least as important as the actual results of the process, The added-value
of foresight increases when it is possible to overcome traditional sectoral!
disciplinary barriers and to succeed in engaging able new actors beyond the
established and well-known players in the field. This forges novel linkages within the
innovation system and increases the recognition of the foresight topic area among
the various players.

Interested customers with absorptive capacities

A key problem experienced was the linkage between the foresight activities and its
clients. Interested customers with absorptive capacity are a precondition if foresight
is to affect policy. In Sweden, the foresight results seem to have difficulty to compete
with the abundance of other reports, as civil servants do not have the resources to
work themselves through quantities of reports. (Arnold et aI., 2005) In the UK the
responsible minister was personally involved, which provided a focus and a clear
indication of pfiority and importance of the exercise, and quite likely this factor
increased the time resources civil servants devoted to the absorption of the results.
(PREST, 2006, p. 19)

Ownership of results

The more path-breaking and revolutionary the results of the foresight process are, the
more likely their implementation interferes with the competences of several
departments or even ministries. This seems often to be the reason why
recommendations derived from the foresight process lack commitment to acting
upon them. In Hungary, TEP produced a long list of recommendations, which are
sparsely implemented. (Georghiou et al., 2004, p. 4 ff.) In Sweden, implications of the
synthesis report were so Wide-ranging that they were beyond the scope of
individuals, units or even ministries. (Arnold et al., 2005, p. 28)
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Time horizon

A time horizon slightly beyond the concerns of even strategic policy decisions allows
more "out-of-the-box" thinking and creativity in exploring the future and its
implications. There is obViously a trade-off between creative, long-term thinking and
lhe likelihood of haVing an immediate impact on decision-making.

The Congruence of Actors in Foresight and Political Advice

The actors, individuals and groups, who inform and advice ministries in their
decisions and priorities are often the same that take a lead part in the foresight
processes. This makes it especially hard to judge the impact of the foresight activities,
even if political programmes and resolutions obviously reflect foresight results. In the
extreme, this leads to the conclusion of OST about the UK foresight activities that "in



the absence of Foresight, some or all of the successful outcomes might very well have
transpired in part or at a later date." (Keenan, 2000) This argument presupposes that
the ideas expressed in the foresight exercises "were around" anyway. Yet, t.here is a'
difference between ideas of visionary individuals that somehow find their way into
opinion-forming or decision-making processes and the development of a vision in a
foresight exercise, a vision that has been created jointly and that is shared by a
broader constituency. This difference has major implications with respect to the
ownership of results, and thus with respect to the likelihood, efficiency and efficacy
of implementation.

6. Conclusions and recommendations

Foresight is a useful decision-preparatory tool, as suggested by its wide-spread use
across continents, as well as by theoretical considerations. Foresight can assist
decision-makers in tackling a number of complex challenges: it can reduce
technological, economic or social uncertainties by identifying various futures and
policy options, make better informed decisions by bringing together different
communities of practice with their complementary knowledge and experience,
obtain public support by improving transparency, and thus improve overall efficiency
of public spending.

ForeSight can be applied for all sorts of decision-making processes (buSinesses,
research institutes, professional associations, NGOs, ete) - but our paper has been
mainly concerned with the role of foresight in shaping public policies.

ForeSight should not be conducted for its own sake - just because it is becoming
"fashionable" throughout the world, and currently being promoted by international
organizations. It is crucial to prove the relevance of foresight for decision-making: its
timing and relevance to major issues faced by societies, as well as the quality of its
'products' - reports and policy recommendations - are criticaL Only substantive, yet
carefully formulated proposals can grab the attention of opinion leaders and
decision-makers, and then, in turn, the results are likely to be implemented.
Otherwise all the time and efforts that participants put into a foreSight programme
would be wasted, together with the public money spent to cover organizational and
publication costs. The so-called process results - e.g. intensified networking,
communication and co-operation among the participants - still might be Significant
even in this sad case, but they are less visible, and much more difficult to measure.
Thus, the chances of a repeated programme - when it would be due again given the
changing environment - are becoming really thin.

Foresight can be a useful tool in a number of policy fields - well beyond science,
technology and innovation. It is time to embrace this broader notion of foresight, and
especially in the CEE countries and other emerging economies, facing daunting tasks
in a number of fields of socio-economic development.

International cooperation in foresight can raise awareness among the stakeholders,
and also enhance the chances of success by sharing lessons, easing the lack of
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financial and intellectual resources through exploiting synergies and economies of
scale. International organizations can also facilitate foresight programmes in
emerging economies, and in particular collaboration among them. It is crucial,
however, to maintain the commitment of local actors, e,g. in terms of time and funds
devoted to the programme, Willingness to implement the results. In other words, the
main forms of foreign assistance should be the provision of knowledge-sharing
platforms and other fora to exchange experience (among emerging economies as well
as with advanced countries), monitoring and evaluating foresight initiatives in the
CEE region and other emerging economies.
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Notes

I This understanding of foresight builds on the UK foresight tradition as begun by Martin and Irvine
(1989). Today, earlier technology forecasting approaches like the large Delphi surveys introduced
in Japan in the early 19705 and latcr on adopted by Germany and other countries are often
subsumed under the 'foresight' heading. For our purposes, however, the distinction between
foresight and forecasting is useful.

2 Participatory and constructive approaches are increasingly applied in technology assessment
activities, too, given the growing prominence of social, economic, environmental and ethical
concerns related to scientific and technological developments. (Decker and Ladikas, 2004; Joss
and Bellucci, 2002; Rip et aI., 1995) Here, the aim is to negotiate consensus on risks and
opportunities or at least achieve transparency about conflicting viewpoints, in order to contribute
to a normative debate on desirable future development paths.

3 Obviously, there are also certain types of foresight exercises that have a less pro~active intention
by concentrating on the identification of future challenges and issues only rather than aiming at
solutions.

4 See the study on methods and dimensions of impact assessment by Rhomberg et a1. (2006) and in
particular the still ongoing work on self-evaluation tools for foresight in the context of the
ForSociety ERA-Net (ForSociety 2007).

5 It should be noted, however, that not all exercises included in the EFMN database would qualify
as "foresight" in the sense of the definition used in this paper - quite a few of them would be
other types ofprcsopcctive or strategic analyses.

6 This is the case, for instance, for cognitive sciences and energy in the context of the European
Foresight Monitoring Network (EFMN), but also for ICT (see the analysis conducted in the
context of the FISTERA project) and other sectorally focused foresight projects at the European
Union level.

7 An evaluation of the German Futur process has been conducted, but not published. A short
account can be found in Cuhls and Georghiou (2004).

II http://trendchart.cordis.lu/scorcboards/scoreboard2005/docs/EIS2005 _database.xls.
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MULTI-COUNTRY FORESIGHT
Ana Morato, Jesus Rodriguez (ortezo and Ricardo Seidl da Fonseca

Abstract

Over the last decade, the framework in which decisions are taken has transcended
the borders of the states in various different ways. There is a regional concept of a
more geo-strategic significance and which is formed by various border countries or
group of countries that, in light of their social, economic, and geo-strategic
peculiarities need to set up actions and superstructures with a multi-country scope in
order to improve competitiveness and the living conditions of its population.

Multi-country foresight is used to analyse common problems, detect opportunities
for cooperation, identify complementary attributes, and deal with the subject of
possible infrastructures at a regional level, which could not be set up at national
level. The most important consideration at this stage is not to lose sight of the two
levels: National and Regional and also the participation mechanisms at the political
and operating level.
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1. Introduction

A collaboration research between the Foundation OPTI and the United Nations
Industrial Development Organization (UNIDO) was established in 2000 with the aim
to disseminate the foresight as a tool of technological policies and to elaborate and
carry out foresight exercises in which various countries participate with common
interests and issues. The use of foresight to groups of countries, which,
geographically or politically, constitute a single "region" with the same or similar
resources and capacities, was expected to be an effective tool in identifying synergies
and complementary atrributes, and in setting up actions assisting further
development of national and supra-national interests. The present paper makes a
balance of the application of the concept of multi-country foresight in different
exercises and indicates opportunities for its use in the future.

1.1. From regional dimension to multi-country scope - UNIDO foresight approach

UNIDO by launching the technology foresight initiative, proposed as a special
feature the regional dimension for its foresight approach, meaning in this context
addressing common issues of macro-regions such a Latin America and the
Caribbean, Central and Eastern Europe, Asia, Arab countries and Africa. This
approach has been evolVing to the present one where the organization concentrates
efforts in promoting and applying foresight methods at the supra-national, pluri-
country or multi-country scope. The core idea is to use the foresight process as a tool
for establishing multi-country research, development and innovation (RDI) policies
and programmes as well as for industrial policies and strategies.

'The regional concept used in this paper refers to geographical and political space
formed by: (a) more the one country, being direct neighbors or belonging to a
common macro-region; or (b) areas extending over more than one national
border, such as a river basin. In this case, it is use as interchangeable notion the
supra-national scope. By contrast, regional concept can also be used to
characterize an area inside a national boundary, such as provinces, oblast, states
.2.U!!.'mic:jF',-,a~h"·t-"ie",s,,. ......J

Nevertheless, it has to be considered that technology foresight exercises, by their
own definition, are undertaken with the assumption that the specific technological
development takes place within a well-defined social and economic framework and
its effects should be beneficial to the related society and economy. This means that
final results of a foreSight exercise will always have a national (or even local)
character, since it is at that level that strategic political or business decisions are
made.

However, there are several reasons that justify the multi-country approach. The value
of a technology foresight exercise depends on the one hand the strength of the
achieved expert opinions and consensus building, and on the other hand the
capacity of the involved stakeholders to influence future trends and events.

58



According to UNIDO, for most developing countries, conducting sub-regional
(regions inside a country) and multi-country or supra-national foresight exercises is
more realistic, to reach both the necessary quality and representative size of experts'
opinions collection as well as to form multilateral groups able to realize their visions
of the future by joining efforts, economic and political forces, Moreover, multi-
country foresight initiatives can build a solid consensus basis for corporate and
public investments in applied sciences and technology development by enlarging the
productive capability and markets. They can also provide guidelines for cooperative
research programmes in the private and the public sector, and they can vastly
improve national and international collaboration and networking. At the very least,
different national technology foresight exercises could be networked, whenever
possible, into regional initiatives for common awareness building and training. In this
sense, regional foresight exercises contribute to create a more comprehensive
perspective that will help to better define national policies on a higher level of quality
and implementation capability.

Notwithstanding the advantages of the multi-country (or supra-national) approach, it
can be only applied in a demand-driven manner and in regions or group of countries
where its implementation is feasible, the socio-economic situations among the related
countries are relatively comparable and/or the region or group has experiences in
integration processes.

Additionally, multi-country initiatives could help to overcome potential difficulties
and excessive costs that constrain developing countries to undertake full-scale
technology foresight exercises at the national level. The multi-country approach of
the UNIDO technology foreSight initiative facilitates less developed countries and
small countries to be aware of global and regional trends, which could bring
advantages or challenges to their economies.

In summary, the aim envisioned by UNIDO technology foresight multi-country
initiatives is to facilitate a process of joint reflection, brought in by international
experience, on key issues that may affect several countries and extract consequences
for national exercises in strategic decision processes. For this purpose, certain
production chains and/or areas of knowledge, that present a common interest for
different countries, are very interesting subjects for foreSight projects. The result to
be achieved is the identification of the broad trends of technological evolution
capable of influencing these production chains over the medium and long-term, so as
to facilitate strategic decision-making in relation to these tendencies in each country
involved.

However, it is necessary to take into consideration that:

• Multi-country or supra-national foreSight study serves as a support for, but does
not substitute the national exercises, and

• The exchange of knowledge in both directions implied by the relationship
between the national and supra-national levels of the foresight exercise
constitutes an effective mechanism of international collaboration among the
countries involved.
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In consequence, one of the greatest achievements of the multi-country foresight
approach is its contribution in structuring and networking the technological and
industrial communities of the target region or group of countries. Based on current
experience, the UNIDO multi-country initiatives have been instrumental for creating
the basis for national foresight capabilities,

1.2. Production chains

As already cited above, an interesting field of application for multi-country foresight
is on shaping the future of production chains, which in the course of the
globalization process are spread throughout various countries. This is also the case
of large countries, where nodes of production chains are located in difierent areas or
provinces.

The application of foresight methods for production chains involves the following
. steps:

• Modelling the production chain as an industrial system, composed by successive
and interlinked nodes and the segmentation of each node;

• Analysis of the institutional and organizational environment encompassing the
target production chain;

• Identihcation of needs and expectations of each segment and the whole chain;

• Anafysis of the performance of the chain and identification of the critical factors
for enhancing its performance;

• Prognostics of the future behaviour of the critical factors, and in consequence of
the expected performance of the chain;

• Creation of future scenarios and visions affecting the chain and its environment;

• Identification 01actions and key technologies to reach the future visions.

As a result. such an exercise would be able to identify:

• Technological demands and therefore orientations towards search lor
innovations, and

• Non-technological demands, indicating opportunities, threats and actions to be
taken inside the chain and related to its institutional and organizational
environment envisaging the enhancement of its performance in the future.

This approach, developed and applied in the UNIDO-promoted foreSight exercise in
Brazil for four production chains has been the basis for further exercises conducted
or coordinated by the organization, namely for the fishery industry and medicinal
plants in South America and food industry and water zero discharge in Eastern
Europe. Two of these exercises will be presented in more detail later in this paper.

60



2. Application of foresight at the multi-country scope
2.1 Contribution of the multi-country foresight to policy making

The multi-country foresight contributes in various aspects to strengthen the
capacities for strategic decision making at different levels, First of all, it is a platform
for mutual learning by sharing knowledge between professionals, both from academy
and business, from a particular area of knowledge or activity sector as well as sharing
knowledge between public and private decision-makers.

Multi-country foresight is also useful to promote joint analysis of common problems,
detect opportunities for cooperation, identify complementary attributes, and define
needed infrastructures at a regional level. which are not feasible at the national level.
All this enables to develop a region on common basis and create the consensus
nece.ssary to meet threats and opportunities from other regions.

6\

2.2. Motivations of the participating countries

In spite of these advantages, to mobilize the active participation of countries in multi-
country foresight exercises awareness and demonstration efforts are needed. The
main motivation arguments could be in two ways:

• Showing the existence of structural deficiencies, where development process is
difficult or non feasible to implement at the national level

• Demonstrating that specific constraints for economic growth can only be
removed through joint formulation of medium- and long-term policies

In this connection, the success of this type of foresight exercise will depend on
knowledge of the situation, realities and commonalities of the countries involved
with regard to the topic being tackled.

Another key aspect relates to the identification of the appropriate stakeholders,
amongst two main groups, On the one hand, it is necessary to mobilize public
institutions to carry out the exercise and subsequently use the results. On the other
hand, it is necessary to involve those who experience the problems in concrete
terms, including scientists, technologists, and industrial professionals, as well as
social actors, the latter being fundamental to projects in developing countries.



2.3. Organizing multi-country foresight processes

For the formulation and organization of multi-countries foresight. it is a key element
the consideration of the two interconnected levels: national and regional (supra-
national). It is necessary 10 formulate the methodology and the execution process of
the exercise closely taking this concept into account. and knOWingwhich aspects are
of an exclusively national nature and which are exclUSively regional. A point that
should be made about the multi-country scope is that the results of such a foresight
exercise are never the sum of the results achieved at the national scope for each
country, as only the common issues among the countries are addressed.

Secondly, it is necessary to formulate effective participation mechanisms at two
levels: tbe political level. which is essential for the project to succeed and for the
subsequent commitment to the implementation of results: and the operating level
(realizing the work packages). essential for the smooth development of the exercise
in each of the participating countries.

The following are some basic considerations when formulating the exercise.
including actions to overcome eventual obstacles:

• To draft Terms of Reference for national teams participating in the project. which
are clear and common to all the countries.

• The correct choice of a national work team, knowing how to combine technical
and methodological capabilities. On this point, added value is proVided to these
projects by technology transfer carried out in the area of foresight and the control
of its methodologies. These types of exercises are often accompanied by
methodological training courses.

• The need to organize Regional Conferences throughout the project. not only to
fulfil the different phases of the established methodology but also because they
constitute a forum to meet and debate the future of the group of countries.

• These types of projects work if it is possible to organize proper working in a
network. Working in a network is very useful. both from the point of view of
effectiveness and efficiency, but is not free of limitations and difficulties. The
technical project coordinator is a key actor in overcoming these obstacles.

• Finally, another large obstacle to be overcome in multi-country foreSight exercises
relates to ensuring tbat the multilateral cooperation takes into consideration the
determining factors of the local interests of each country.

2.4. Basic methodology

One of the main contributions of these type of foresight exercise, both from the
point of view of methodology and of the obtained results. is the way in which it
works on two levels: national and regional (supra-national). What does this double
focus mean? Firstly. it means that the different countries separately diagnose their
specific problems and obtain results regarding the future of a given sector. Secondly.
it means that projects for cooperation. synergies, and opportunities for development
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are identified, that transcend national borders and give rise to regional (supra-
national) policies.

Foresight exercises at multi-country level, about a productive chain, would start with:

• Diagnostics of the national situation of components of the productive chain: the
starting point of the work is the preparation of diagnostics in each target country
on the status and possible development of specific sectors in the content of the
subject productive chain, as well as the surrounding framework.

• Identification of the regional (supra-national) landscape: on the basis of the above-
mentioned diagnostics prepared for each target country, information is integrated
with the aim to extend the diagnostic to the regional leveL An analysis of
strengths and weaknesses is used as a starting point for the design of scenarios
for the future.
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• Regional conference: a conference is organized with three objectives:

To identify foresight methodology for regional productive chains

To present results of the work done

To launch the foresight exercises at the national level

• Foresight studies at the national level: there are different methods, as Delphi
questioners, Road Maps and Key Technologies surveys to develop foresight
studies where expert panels in each country identify technological and economic
challenges faced by the country and consult to identify critical issues for
developing the sector. The methodology applied by the panels, as well as the type
of consultation, is defined in the methodology workshop at the regional
conference. For the subject productive chain, this exercise generates national
foresight studies in the target countries.

• Final report on the multi-country foresight for the productive chain: a final report is
elaborated for the basis of the national foresight studies, which identify, inter
allia, the following aspects:

Strengths and weaknesses in the region

Critical issue for development

Future technologies

Industrial development trends

Markets

Tools and mechanisms of action

Decision making processes.



2.5. Opportunities

It can be concluded that the various types of multi-country foresight exercises offer
the following opportunities:

• They enable a shared vision of the future to be created.

• They boost the position of a country group in facilitating the implementation of
projects and joint infrastructures.

• They help to compare different states of development in relation to a sector and
facilitate benchmarking.

• They identify synergies.

• With the implementation of joint actions, they strengthen the competitive
position of a region.

• They create an instrument for dialogue, exchange of opinions, and creation of
networks.

• They allow joint consideration of future tendencies and a self-diagnosis of the
starting capacities.

• They establish consensus on future visions and opportunities for development at
the national and multilateral levels.

3. Experience and results of UNIDO-OPTI cooperation

UNIDO and OPT! Joined effort to develop and apply the approach of multi-country
foresight to specific regions and production chains. The first exercise ever in this
field was the foresight project Future of the Fishery Industry in the Pacific coast of
South America. The exercise involved the four countries of this sub-region: Chile,
Colombia, Ecuador and Peru. Other exercises under implementation are Medicinal
plants in the Andean region, involving Bolivia, Ecuador and Peru; Future of the Food
Industry in six countries of CEE; Future of zero discharge for industrial water in the
CEE countries. A briefing on the exercises dedicated to the fishery industry in South
America and the food industry in Central and Eastern Europe is presented in the
follOWingsections.

3.1. Future of the Fishery Industry in the Pacific (oast of South America

3.1.1. Project description and methodology

The purpose of this multi-country foresight project was the consideration of possible
futures for the fishery industry, conceptualized as a production chain extended to
four countries in the Pacific coast of South America: Chile, Colombia, Ecuador and
Peru. As a first step, an analysis was made in each of the countries involved to
diagnose the present condition of the production chain in each country. These
analyses were to serve as a starting point for the foresight study for each country, but
in parallel a regional syntheSiS was undertaken, with the aim of bringing out
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characteristic features, potentialities and common problems in the broader regional
framework.

The principles of the methodology and the basic criteria used in its application are as
follows:

a. The complete production chain of the fishery industry was taken as the subject of
study, including aquaculture in it. The nodes in this production chain are, in a highly
simplified form:

• The inputs for fishing and aquaculture activities
• Fishing
• Aquaculture
• The processing 01 the products of fishing and aquaculture
• Marketing
• Consumption

b. National teams were set up, one in each country, under common technical and
operational supervision;

65

c. The distinguishing feature of the project is articulation between the two levels,
national and regional;

d. The basic principle of foresight studies was applied, namely collective thinking by
as broad as possible a range of experts on hypotheses drawn up regarding the future
in a particular field.

3.1.2. Participants

The project relied on a somewhat complex organizational network consisting of the
following categories of participants:

• UNIDO, as general coordinator
• A high-level political counterpart in each country
• A national coordinator in each country
• OPTI as an agency with foresight expertise
• Technical advisers

UNIDO was responsible for the design and management of the project, coordination
among the participants, the preparation of and updating of information, a database
and the website, final evaluation and the preparation of reports.

The political counterparts, at deputy minister level, ensured the commitment of the
participating countries to the project.

The national coordinators were the executive officials in charge of the tasks to be
carried out in each country.

The agency with foreSight expertise, the Spanish organization OPTI, was responsible
for technical direction of the project.

Lastly, different experts participated as technical advisers.



3.1.3. Structure of the project

The project was implemented in various stages, such as:

a. A diagnostic study of the fishery production chain in each country, with an
analysis of the status of its components;

b. A regional diagnostic study, in which the characteristics of the region were
identified, and which was to serve as a basis for the regional foresight study;

c. A regional conference, where all the project participants met for the first time
and the national teams had an opportunity to exchange their experience and
concerns;

d. Foresight studies at the national level;

e. Final regional. level report;

f. Final regional conference for the presentation and discussion of the results of
the project.

Figure 1 sets out the reports drawn up in the course of the project.

Figure 1. Structure of the project
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Figure 2 shows the activities at the two levels, national and regional (supra-national).

Figure 2. Implementation of the project at the national and regional levels
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3.1.4. The results: technology related trends - a common vision of the future

The countries of the region (South American Pacific coast), taken together, constitute
one of the world's largest suppliers of fishery products. and they are potential
protagonists on the world stage in a scenario of greater demand for fish. For this
purpose, it will be desirable for them, going beyond their present very valuable
capacities, to give priority attention to rationaliZing their area of operations, to
guarantee, in the first instance, its sustainability and to obtain the maximum
advantage from their catches. Taking into account the trends observed in the
exercise, the first condition for achieving this result will be an effort by the countries
of the region to organize fishery activities jointly, making the protection of their
resources a common objective and a basis for cooperation. Such cooperation should
extend to prospecting work and the exchange of experience and technologies. The
capacities of the various countries differ greatly and are, in many respects,
complementary, and it would seem reasonable to hope that points of convergence
can easily be identified so that all can benefit.

Common objectives in the sphere of fishing are those identified in the foresight
exercise:
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• Diversification of operations to include new species found in the exclusive
economic zone, adjacent national and international waters and deeper waters
where fishing operations take place at the present time. This will require
exploratory commercial fishing cruises to ascertain the potential for these
species. in order to be able to guarantee their rational and sustainable
exploitation with adequate organization and management measures by countries.

• Better detection of and prospecting for resources, to permit a reduction in
discards and to provide a basis for the subsequent traceability of the products.
This will call for the incorporation of advanced technologies-i.e. considerable
investment in modernization of the fleet and fishing equipment and the training
of crew members in the efficient use of the new facilities.

• Fleet modernization which will allow improvements in techniques for handling,
storage and processing on board, including the necessary reconversion of fleets
now devoted to fishing for indirect human consumption, for the purpose of direct
human consumption. Governments will need to establish long-term soft credit
lines to guarantee the operationality and profitability of this initiative. An
effective training programme for crew members will also be reqUired, taking into
account the different needs and activities to be developed.

In the area of aquaculture, the first conclusion relates to the strengthening of this
activity in Ecuador and Colombia, and the need for a strong expansion in Peru. In
the latter country, the introduction of a national plan for the development of
aquaculture is being proposed, with the participation of the public and private
sectors. Ecuador and Colombia have offered cooperation, in view of their greater
experience in.this domain.

The objectives suggested by the trends identified in this field are:

• An effort to improve feeding patterns, a notable area of research being the
possibilities for replacing totally carnivorous diets by diets including vegetable
foods, of great importance for the future of shrimp cultivation, for example;

• The eradication of viral diseases through diagnostic methods and vaccination;

• The production of new species and the development of reproduction methods
permitting the selection of progenies;

• The availability of seeds in adequate quantity and quality for efficient operations;

• The utilization of genetic research and development to ensure greater productive
efficiency and an improved yield.
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In the processing industry, the following objectives are foreseen:

• The incorporation of advanced conservation technologies, such as modified
atmosphere, "active" packaging or, potentially, irradiation technologies, All these
developments, especially the last'mentioned, are subject to external conditions
that may hinder their materialization, In any event, conservation technologies are
a key factor for competitiveness in this sector.

• The development and introduction on international markets of new products,
among which mention may be made of those resulting from the use for human
consumption of species previously utilized for the production of meal and oils,
fish derivatives with a higher value added and degree of handling and products
related to the use of the different parts of the fish and of residues for other
sectors, such as tanning or the chemical or pharmaceutical industry, This will
significantly improve the economic efficiency of marine products, but there will
also be very positive effects for the environment.

• The modernization of production processes through the incorporation of new
equipment and new methods, This will give rise to needs for financing and the
t~aining of human resources.

Together with these sectoral aspects, there are certain topics, which affect the whole
productive chain and are of great importance in guaranteeing its overall
competitiveness and efficiency,

The first aspect is the quality necessary for access to international markets and the
product traceability that these markets require or will require in the future as a result
of the international standards established, inter alia, by the Codex Alimentarius and
FAO,

Secondly, there is a need to protect the environment at all stages in the production of
fishery and aquaculture products,

Thirdly, there is the need for the training of the personnel involved in the production
chain, who must adapt to the use of new techniques and also (and more important)
be made duly aware of the delicate questions of safety, for themselves and for others,
and of respect for the environment.

Lastly, both in Ecuador and in Colombia a desirable objective is considered to be
increasing the consumption of fish products among the population so as to reach at
least the average level for Latin America, which in any case is considerably below the
average world consumption level.
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3.15. The results: policy and strategies to implement this common vision

The study resulted in the identification of trends of evolution, possible and probable,
with a view of defining objectives and making decisions for medium and long'range
actions. The final report of the study, corroborated by the Second Regional
Conference of the Technology Foresight study on the fishery industry productive
chain in the South American Pacific coast, 25,26 May 2005, Manta, Ecuador,



identifies a series of recommendations for follow up actions and projects for the
development of the fishery industry in the sub-region. The Technology Foresight
study at the regional level has contributed to raise awareness and build consensus
and agreement among the key stakeholders to conduct these transformations in a
sustainable manner. The high authorities from the countries participating in the
foresight study on the fishery industry indicated their commitment in applying the
results and recommendations in their policy framework. both national and
international.

The participant countries agreed to follow the recommendations of the study in their
strategic decisions and specifically to pursue:

• Definition of a regional policy for strengthening the competitiveness and
sustainability of the fishery production chain

• Technology up-grading and investment promotion for re-conversion and
modernization of the industrial fishing and fish-processing vessels

• Creation of new regional center for capability building on 'fishery industrial
technologies and technology watch/road mapping

• Implementation of policy and infrastructure for establishing a quality mark of
origin for the fish products of the region, taking into account tradability and
traceabili ty.

3.2. Future of the Food industry in six countries of CEE - towards higher food
quality and safety

Project title: Healthy and Safe Food for the Future - A Technology Foresight
Project in Bulgaria, Croatia, Czech Republic, Hungary, Romania and Slovakia
(FutureFood6)

3.2.1. Project description

Food quality and safety are crucial aspects of human life and are, therefore, prime
policy objectives of the ED. Food quality and safety have to be secured through
regulations with regard to inputs, production processes, outputs, transportation,
storage, packaging, labelling, documentation of origin and the like, for creating an
adequate infrastructure for food markets and their smooth development. The food
industries in the CBB are undergOing sweeping ownership, technological,
organizational and financial changes. The new decision-making processes should put
a strong emphasis on safety and quality standards. Substantial changes in financial
services, wholesale market.s. commodities exchange. price informat.ion,
transportation facilities and infrastructure are also needed.

A foresight process is highly instrumental to tackle these complex issues. By bringing
together the relevant stakeholders with their wide range of expertise and
accumulated skills it is pOSSible to identify emerging technological and market
opportunities and threats, consider S&T and socioeconomic factors in their entirety,
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and thus devise appropriate policies and strategies, based on consensus among these
stakeholders.

The objectives of the project are as follows:

a) To promote a new decision-making culture among managers and
policymakers in order to put quality and safety issues into the centre of the total food
chain management.

b) To identify future key technologies and new business models to promote
the quality and safety requirements in food production, by establishing a Food
Quality and Safety Platform in CEE countries.

The ultimate goal of the project is to assist the total food chain in Central and
Eastern European countries to reach international quality and safety standards, and
in turn, to enhance 'European competitiveness as a whole by developing an industry,
which is synonymous with safety, diversity, sophistication and products of high
quality.
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3.2.2. Methodology

The methodology used in this project is based on different foresight tools. The key
axes of this methodology are:

• Mobilization of a variety of stakeholders groups with experience in relevant
science and technology fields, business, societal issues and policymakers from
Bulgaria, Croatia, Czech Republic, Hungary, Romania and Slovakia to share their
assessment and expectations of the future of the total food chain in these
countries.

• A socio-economic scenario building exercise to collect the views of consumers and
other societal groups concerned with the food industry and the impact of
different technologies. This exercise also identifies the major drivers for the food
chain.

• Interviews with speCialists from different disciplines and affiliation (industry,
academic institutions, public authorities, etc.). The goal of these interviews is to
gather information about the current situation of the sector, the industry needs,
problems and future prospects.

• A survey on key tecbnologies to address challenges associated with the future of the
industry. A special attention is devoted to identify and analyse all aspects
relevant to food quality and safety. Traceability and sustainability issues are of
specific concern throughout the project,

• Vision building exercise to depict multiple possible future states, based on the
views, experience and aspirations of stakeholders, consumers and other societal
groups, business people, researchers and policymakers.

• Technology road mapping to consider in the detail S&T implications of possible
future states and identify appropriate actions to exploit opportunities and
alleviate threats.



3.2.3. Project implementation

The project is iully iinanced by the European Commission through the Sixth
Framework Programme (FP6).

The project team consists oi the diiierent participants as seen in Figure 3.
Participants at level A and B are consortium members (partners).

Figure 3. Project Team
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A. The project coordinator is the United Nations Industrial Development
Organization (UNIDO). The project coordinator counts on with the support oi two
advisors:

• Methodological Advisor: Fundaci6n Observatorio de Prospectiva Tecnol6gica
Industrial (OPTI).

• Economic Sector Advisor: The Vienna Institute ior International Economic
Studies (WIIW)

B. A group 01 partners constituted as the Foresight and Innovation Group. experts
in Technology Foresight and Innovation, are responsible ior the core project
activities. The institutions 01 this group are also responsible ior the implementation
oi the project in their own country. The lollowing institutions constitutes this group:
The Vienna Institute lor International Economic Studies (WIIW), Austria; Institute oi
Economics, Hungarian Academy 01 Sciences (IEHAS), Hungary; Technology Centre
01 the Academy 01 Sciences CR (TC AS CR). Czech Republic; BIC Group, S.f.O. (BIC
Group), Slovakia; National Wholesale Market Company Inc. (NWMC) , Croatia;
Executive Agency lor Higher Education and Research Funding (UEFISCSU),
Romania; and Applied Research and Communications Fund (ARC Fund), Bulgaria.
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C. Committee of high-level national policymakers is set up with one representative
from each participating country. This committee advises the partners on major policy
related issues and guarantees the use of the project findings in policy formulation
exercises.

D. A knowledge institution on food industry from each participating country
supports the national FIG member in all phases of the project. They provide
expertise and assist in the identification of experts for the consultation exercises
(questionnaires and interViews).

The implementation plan consists of a set of work packages that are closely linked
with each other. A responsible partner, either the project coordinator or other partner
within the ForeSight and Innovation Group, leads each work package. The duration
of the whole project will be 24 months until the final conference, including the final
reports. Figure 4 represents the work packages and their sequence and linkages.
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Figure 4. Workplan flowchart
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3.2.4. The results - socia-economic scenarios building

The project is under implementation and is expected to be finalized on January 2009,
The interim deliverables can be iound at the project web page:
http://www.futureiood6.com.

As an important result at the present stage. for illustration. it could be presented the
basic construction of socio-economic scenarios. Through scenarios building
workshop and expert consultations. the project defined the four scenarios which will
be used for the deiinition of the key technologies to be further exploited in the
project.

The scenarios building exercise used four sets of future trends: social.
macroeconomic, technological and geopolitical, to be evaluated in terms of their
impact on the agrifood industry of selected countries and their uncertainty level with
regards to their final materialization, With this information, the project developed
four future scenarios for the sector: A. Consumer paradise; B, multinational golden
pond; C. consumer nightmare; D. Same old story. Figure 5 and 6 indicate the
graphical distribution and content of the scenarios, which will be further elaborated,

Figure 5. Definition of the scenarios axis selection
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Figure 6. Scenarios design
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The scenarios defined in the project can be characterized as follows:

Scenario A: Consumer paradise

• Technological dynamism expands the supply of food products.

• Development of disruptive technologies leads to advanced products concepts
which are introduced in the market.

• Technology levels within the industry are rather high.

• Advances in process technologies increase food quality and safety and makes
sustainable production feasible.

• Industry is structured in a flexible way allowing a rapid reaction to changes in
demand.

• Trust between enterprises.

• Strong public and private R&D support creates a favourable environment for
innovation.

• Highly fragmented and sophisticated demand, Demand-driven markets, Stronger
sensitivity to quality than to price, Deep understanding of consumers choice
behaviour.

• Wide acceptance of ethnic food and cuisine. Food expenditure linked to social
status.

• Diverse lifestyles with specific food preferences. Industry develops new and
personalized food. Awareness towards balanced diets and healthy lifestyles.
Dietary diversification.
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• eecommerce practises in widespread use among consumers.

• Personalized selferelevant nutrition information is available to consumers.
CompLete traceability 01products is a must. Ellective interaction with consumers.

Scenario B: Multinational Golden Pond

• Technology breakthroughs in several fields 01 knowledge. Innovation mainly
driven by costs reduction. Competitive low-cost producing and processing load.
Low product diversification.

• Controlled expenditure 01 consumers. Price concerns win the battle against
quality issues. Consumer requirements lor lood quality, health & safety exist but
not to very strict levels.

• Low penetration levels of ICT into consumers. Low levels of interaction with
consumers. Traditional distribution channels.

• Environmental awareness only arises during climate crisis.

• Supply-driven markets dominated by big multinational corporations. Companies
have the power to induce behavioural change in consumers.

• Available critical mass for undertaking extensive global food & nutrition
research.

• Diverse but mass segments of consumers.

• Strong public role in regulatory affairs.

Scenario C: Consumer nightmare

• High consumer awareness about environmental and social issues. Strong
requirements for food quality and safety.

• Absence of' a regional regulation. Increased production costs and slow
procedures.

• Failure of tech. breakthroughs. Mismatch between technology demand and
supply.

• Lack of funds for food & nutritional research.

• Scarce technological innovations hinder wide access to innovative food products.

• Weak product diversification. Consumer needs are not satisfied.

• Consumers mobilization to stop multinational dominance of food markets.

• Industry has not quick reaction capacities to changes in demand.

• Satisfaction 01 local demands through local production.

• Proliferation of small food business operating as isolated islands.
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Scenario D: Same old story

o Failure of disruptive technologies development.

• There are only incremental innovations which do not solve critical issues within
the industry. Low technological levels in the sector.

o Very homogeneous demand in large parts of the world. Supply-driven markets.
Low product diversification. Business models based in mass production
procedures.

• No interaction between the industry and consumers.

• Price driven consumer buying preferences.

o Weak implementation of sustainable systems for food production.

o Industry pays little attention to small consumers groups and focus marketing
strategies in large segments.

o Traditional distribution channels. Proliferation of intermediates. Increased prices
to the end user.
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Regions Foresight in Europe - The Case of Wallonia

Fran~oise Warrant

Abstract

Where, when, with whom and in which temporal horizon is technology foresight
organized in Wallonia? What are the results of technology foresight exercises? To
answer to those questions, this paper offers an insight on the most relevant practices
related to technology foresight during the last years in three different fields of the
regional policy ( R&D policy, industrial policy and employment policy), Even if pure
technology foresight is rather limited in Wallonia, the paper indicates its function
and also its distribution and embeddedness across many initiatives, Technology
foresight tends to become progressively a transverse concern, cross~cuttingsever~l
regional administrations and agencies, as well as different sectors, Nowadays,
technology foresight also reaches regional industrial and employment policies, By the
same time, the process of technology foresight becomes also fairly decentralized,

Beside technology foresight practices, Wallonia has also accumulated a huge
experience in territorial foresight which offers an interesting complement to
technology foresight in order to provide solutions to relevant problems for a region,
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1. The Multidimensional Role of Technology Foresight

As a preliminary remark, we would like to point out the broad scope of technology
foresight. As mentioned in 2002 by a high level group of experts working for the
European Commission' on the role of foresight, "the term of "Technology Foresight"
can be - and has been - misunderstood as dealing only with specific technologies in
a very narrow sense. This report, however, uses the term "Foresight" to emphasize
that the future is determined by interaction between technology, science and society."

In 2005, the European Commission (DG Research) has also commissioned another
expert group to explore the issues of Key Technologies for Europe (at the horizon
2015/2020). This group highlighted foresight's multidimensional role:'

"Foresight provides a new arena/space where policy and investment
decisions are discussed and in which futures are contested (...);

Foresight's outreach role of bringing about broader stakeholder participation,
engagement and learning in the communication of longer term issues and the
building of consensus on the most promising areas;

Foresight plays an important role as "coordination device" of collective
strategy development for realizing system innovations in society, by aligning
the individual strategies of the variety of industrial, research, policy and
societal actors when they are geared towards long-term objectives that cannot
easily be achieved through market mechanisms;

Foresight provides the tools (scenario-building, road mapping) for tackling
key problems and issues by developing different plausible scenarios against
which R&D action and road maps are tested (...j;

Foresight provides insights into decisions related to strategic funding of R&D
in relation with emerging opportunities and niche areas;

81

Foresight helps to identify the major trends and drivers (technical, political,
societal and economic) shaping the future and influencing the medium to
long-term environment of key technologies (...j".

The importance of deliberation is also stressed by von Schomberg, Guimariies Pereira
and Funtowicz.' For these authors, the quality of foresight-knowledge depends on
deliberative procedures. These deliberative procedures at the interface between
science and policy ensure an adequately balanced knowledge input.

I High Level Expert Group for the European Commission (September 2002), Thinking, debating
and shaping thefulure.' Foresight/or Europe, Final report prepared by a High Level Expert
Group for the European Commission, European Commission, Directorate-General for Research,
UnitRTD-K2, , p.l?

2 Key Technologies Expert Group (2006), Creative system disruption towards a research strategy
beyond Lisbon, synthesis report, Directorate-General for Research, Scientific and Technological
Foresight, Luxemburg, Office for Official Publications of the European Communities, EUR
21968, p.49.

3 Von Schomberg R., Guimaraes Pereira A. and Funtowicz S. (November 2005), Deliberating
Foresight Knowledge/or Policy and Foresight Knowledge Assessment, Luxemburg, Office for
Official Publications of the European Communities, EUR 21957.



Table 1. Multiple functions of technology foresight

Provision of tools

Provision of insights related to emerging opportunities and niche areas

Identification of trends and drivers shaping the future

Arena for discussion and deliberation

Bridge between several stakeholders

Coordination device of collective strategy development

Multiple functions of technology foresight

One has to keep in mind all these functions of technology foresight when
considering at the case of Wallonia (Belgium). Wallonia is a Region of 3,380 millions
inhabitants, located in the Southern part of Belgium, between the German and
French borders. It covers 16.844 km2 whereof 87.7 per cent consist of rural areas and
forests,

2. The Regional Context

2.1. Regional competencies

Wallonia is one of the three Regions that make up the Federal Belgian State, the other
two being the Flemish Region and the Brussels-Capital Region. The French
Community is one of the three Communities which compose the federal Belgian
state, the two others being the Flemish Community and the German-speaking
Community. The regional competencies consist of : regional aspects of the economic
policy, scientific research relating to regional matters, employment policy,
environmental policy, agriculture, regional aspects of the energy policy, spatial
planning, housing, public works, transport, foreign trade, superVision of the local
authorities, property belonging to the vadous religious groups, international relations
relating to regional matters. The Community matters concern education, social
affairs, cultural matters, and language use.

Within the highly federalized Belgian research system,4 governmental competencies
in the STI area are arranged as follows:

the Regions (Flanders, Wallonia, Brussels-Capital) have authority on research
policy for economic development purposes, thereby encompassing
technological development and applied research:

the Communities (French-, Flemish-, and German-speaking) are responsible
for education and fundamental research in universities and Higher Education
Establishments:

4 For more details, see Erawatch Research Inventory Reportfor Belgium, European Communities,
2006, <http://cordis.europa. eu!erawatch/>.
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the Federal State retains responsibility for research areas requiring
homogeneous execution at national level, and research in execution of
international agreements (e,g, space research),

The main responsibility for R&D policy and funding lies therefore within the
Regions and the Communities,

2.2. Regional economy at a glance

Belgium is a highly-industrialized country that has long had one of the most open
economies in· the world with extremely high export rates reaching 70 per cent of
GDP'. Belgium preserves its position of 10th exporter of goods in the world, In
addition, the share of foreign direct investment or control on domestic production
exceeds 50 per cent in most parts of the country. Its geogral'hic position at the heart
of the European Union has allowed it to benefit from inflows of business- and
government-related services.

In Wallonia, perhaps more than everywhere else in Europe, innovation and
technological development constitutes a major challenge of the redeployment of
regional economy. During decades, our products were recognized as being highly
technical, although they concerned to a large extent sectors now considered as
traditiona1.6

The regional economy is also heavily and increasingly based on services (at more
than 70 per cent).

2.3. Regional innovation system

In mid-2006, the Science Policy Council of the Walloonian Region' published an
evaluation report8 focused on the situation of R&D and innovation in the region.
Interestingly, it shows that nearly three-quarter of research is conducted by
companies. The share of the public sector as an operator of R&D is particularly weak
in Wallonia. Industrial research is strongly concentrated in some large High Tech
sectors (life's sciences, chemistry-pharmacy, aerospace, telecommunications,
computer operations). It is financed in major part by the companies themselves,
although relatively important publiC appropriations are devoted to that. An important
proportion of industrial research is carried out by some (very) large companies. This
concentration could be seen as a weakness of the Walloonian system of research. The
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5 Service public federal Economic (novembrc 2006), P.M.E., Classes moyennes, Panorama de
I 'economie beIge 2006, Brussels.

6 van Overbcke M.(2005), Les politiques de recherche et d'innovation aUjourd'hui, Working Paper
05~OI, Federal Bureau of planning, Brussels.

7 The CPS is a consultative body linked to the Economic and So<:ialCoundl of the Walloon Region.
The CPS advises the Walloon Government on science, research and technological development. It
is composed of thc social partners and representatives of various research groups (universities,
high schools, public research centres, cte) and the regional administration DGTRE.

8 Graitson D.(June 2006), La R&D en Wallonie: etat des lieux et perspectives, Conseil wallon de la
Politique Scientifique.



more traditional industrial branches, which still constitute an important side of
Walloonian productive system, are lagging behind from this point of view,

The report also pinpoints as an area of concern the trends in terms of science and
engineering graduates: currently Wallonia has a relatively good potential regarding
the share of R&D personnel in the active population,' showing figures above the EU
average. However, trends in graduates and registration for science and engineering
courses are negative or stagnating and life-long learning participation is insufficient.

Commercialization of research, notably in the form of high-tech spin-offs, is also an
acknowledged weakness despite some recent improvements, the causes may be due
to insufficient seed and start-up capital, according to the Science Policy Council's
report Over the last years, regional public RTD policy has put emphaSiS on the
exploitation of public research outputs in the economic sector and enhancement of
technology diffusion in companies. The process of transferring technologies to more
traditional 5ME's has required more attention. Recent initiatives to create a more
effective system of science and technology intermediaries, e,g. through the creation
of the Walloonian Agency for Technology Stimulation may help in this respect.

In Wallonia, the main instruments for R&D policy include:'° support for R&D
activities within enterprises through R&D subsidies and loans, specific subsidies for
SME's including for feasibility studies and for hiring innovation personnel, the
"FIRST"programmes with the aim of improving human mobility between universities
and enterprises, On the public research side, instruments include: funding grants for
research on initiatives within universities and research centres, subsidies for
technology development activities in research centres, notably through the support
of technology gUidance activities, Furthermore, there exist grants under the
"mobilizing programmes" for R&D in enterprises, research centres and universities in
areas of specific regional importance, New type of support for research-industry
consortiums is organized around key sectors (see infra). University interfaces are
funded by the Region in their role of "research valoriser" and with respect to their
activities in IPR management. A significant additional effort has been made by the
government of Wallonia since 200.5 through the so-called "Marshall Plan" which
injected some 270 million € of additional funding for R&D and innovation over a
four-year period 2006-2009,

2,4, Regional governance

Since 1999, the intensity and the quality of policy-making practices in Wallonia has
undoubtedly improved through the development of a strategic and region-wide
planning process within the framework of the "Contract for the future of the
Walloons". This planning and consultation process has gone through several
rounds" and the latest version was adopted on 20 January 200.5 by the Government

9 See Fiers J.(2005), ~(Innovation et R&D dans les regions belges dans une perspective europeenne
)~,Working Paper 13-05, Bureau federal du Plan, Juin 2005.

10 For a detailed description, see Erawatch Research Inventory Report/or Belgium, European
Communities, 2006, p.6.

11 The Contrat for the future of Wallonia (Contrat d'Avenir pour la Wallonic) adopted in 1999 and
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of Wallonia. The Contract is structured around six broad objectives (each with a
quantified target) and nine broad measures. Moreover. the Government has followed
one of the recommendations of the evaluation of the previous round by structuring
the implementation in the form of four strategic cross·cutting plans: creation of
activity, maximizing human potential, social inclusion and balanced territorial
development. The first and second of these strategic transversal plans ('Plans
strategiques transversaux' . PST is the French acronym), are more directly relevant for
innovation policy.

3. TechnologyForesight in Wallonia

Where, when, with whom and in which temporal horizon is technology foresight
organized in the Walloon Region? What are the results of technology foresight
exercises? To answer to those questions, let us investigate three different fields of the
regional policy: R&D policy, industrial policy and employment policy. In these three
areas, what have been the most relevant practices related to technology foresight
during the last decade?

3.1. R&D Policy

3.1.1. 40 Key technologies for Wallonia - Prometheus I

The Regional Innovation Strategy programme called PROMETHEE I, co·funded by
DG REGIO under Article 10 of the ERDF, was an important opportunity to conduct
a foresight exercise. Within the framework of the Prometheus project aiming at
stimulating the dynamics of innovation in Wallonia, the Directorate·General of
Technologies, Research and Energy" (Direction Generale des Technologies, de la
Recherche et de l'Energie -hereafter called DGTRE), launched several programs
simultaneously over these last years. First of all, it was carried out in 1999·2000 as an
exploratory study on the technological fields of the future for Wallonia which led to
the identification of the "40 key technology fields for Wallonia by 2010". The foresight
study," led by the consortium ECCE (F)/ LENTIC (B), was based on a methodology
developed for international work having similar objectives (in particular in France) as
well as on a broad interactive consultation of the Walloon actors and with the help of
international experts.

The exercise, primarily based on the needs and the potential of the Walloonian
companies, did not claim to cover the entire scope of the field of research. This
approach was considered indeed as not adapted at the stage of fundamental research.
The creativity of the researcher and the exploration of completely new fields cannot
be limited by too targeted policies.

the updated version adopted in 2002 (the "CAWA").
12 One of the 6 directorates of the regional administration.
IJ Ministere de la Region wallonne (200 I), Les 40 technologies-des pour la Wallonie, Les domaines

technologiques du fu/ur pour ia Wallonie ii 1'horizon 2010, etude realisec dans Ie cadre du projct
RIS/Promethee avec Ie sautien de la Commission curopeenne, Direction generate des
Technologies, de la Recherche et de !'Energie, Jambes.
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This analysis was carried out in technological terms of fields, The goal was to
position technological competences which are often transverse and to Hnd
applications in several sectors. Nevertheless, the sectoral analysis remains an
essential tool to highlight existing economic opportunities in these sectors of
application, This is why work relating to the key technologies was supplemented by
an examination of the growth potential of the Walloonian sectors, based on the study
of performances of our economy in terms of production, employment and export
during last years, This work revealed the existence of branches already well
established or in emergence, offering promising prospects and located in the
folloWingsectors: food industries, pharmacy, chemistry, materials, equipment goods,
textile, edition and printing works, transport and computer operations,

The crossing of the results of these two studies, by offering a thorough vision of the
technological and economic aspects of regional productive fabric, made it possible to
identify strategic fields in which specific actions are desirable, A matrix, specific to
Wallonia, has been built on this basis, which highlights the regional strategic sectors,
identified by the analysis of the structure and the recent dynamics of economic base
and of the key technologies which referred to it. These interactions were numerous,
several key technologies being potentially applicable in each sector, It offered a
synthesis of what could (or would have) be the technological request of Walloonian
industry during the next ten years, in the same manner that it highlights certain
elements of its capacity of technological offer. In addition, it clearly emphasized
technologies which playa part in the development of basic, essential sectors and
those which find applications in sectors carrying growth,

The purpose of this stage was to provide a tool for decision-making to all the actors
concerned with research and innovation.: public authorities, companies, research
centres and universities, There was no question of leading the research projects,
Creativity remains the driver, particularly at the stage of fundamental research (not
covered by the exercise), Afterwards, it was the task of the various interested parties
to seize these results, to analyse them and to draw some conclusions for their own
action plans, At the level of the Walloonian Authorities, the fields identified as key
are expected to constitute a source of inspiration for the setting up of 'mobilizing
actions',

The identification of the 40 key technologies has three ambitions:

1. Being a tool for positioning for the whole of the actors of research and the
innovation;

2, Being a window for the Walloonian technological potential;

3, Being a foreSight tool to highlight public policies of regional development.
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Table 2. 40 key technologies for Wallonia 2010

40 KeyTechnologies for Wallonia 2010

MATERIALS - CHEMISTRY
Non polluting surface treatments
Cleaning and scouring without effluents

New intelligent glazes

Technologies of chemical decontamination purification

Recycling of materials in the building and public works
Recycling of refractors

Materials with layers added and assembled to surface
Technologies of absorbing materials
New applications of wood material in the BTP and industry
Systems in aqueous phase

EQUIPMENT GOODS
Technologies of quality control
Eca-design and dismantling of the products at the end of their lifetime

Rapid protatyping

Intelligent sensors
Micro- and nanotechnologies in the equipment goods

Metrology applied to the environment

Technologies limiting radio electric pollution

Technologies of reduction of the noise of the transportation means

INFORMATION TECHNOLOGIES
Voice's recognition

Programming tools

Micro- and nanotechnologies in the lCT

Techniques of transmission of information

Treatment of the signal

New multi-media products

Bio-i n form atic s

LIVING ORGANISMS TECHNOLOGIES AND AGROALIMENTARY TECHNOLOGIES
Automated sequencing of the DNA

Vaccines resulting from the genetic engineering
.

Recombining systems of production of proteins

Gene therapy

Microphone and nano - manufacturing in the medical sector and the diagnosis

Bio-engineering

Technological revival in the food industries

ENVIRONMENT - ENERGY - TRANSPORTATION -CITIES
Smart hO\.lse

Management of water resources

Treatment and control of drinking water

Biological purification'of water and treatment of muds

Techniques of waste orocessing

New and renewable energies

Telecommunications for the control and the management of road flows

Techniques for construction, disassembling and rebuilding
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For these 40 key technologies, the consultants devoted themselves to a work of
analysis and characterization, which relates to the following aspects: technology itself
(description, nature, degree of maturity, sectors of application, investments);
interactions with other key technologies belonging to the five groups; the current and
potential market development (its size, its growth, the field for competition and
intensity of competition, the identification of the actors already present on the
market at the European level, the foreseeable tendencies); the position of Wallonia in
the field (degree of implication, degree of autonomy of the providers and of the users
of technology at the level of research and at the level of the applications, the
identification of the industrial and different actors). The widespread dissemination of
the results of this study took place in particular through a conference organized in
the beginning of 2000, allowing for a debate between the actors mobilized
throughout the study, and also through the edition of a work.

3.1.2. Technology clusters Program ('grappage technologique')

The DGTRE used the result of the Regional Innovation Strategy programme
(Prometheus I, co-funded by DG REGIO under Article 10 of the ERDF, as already
mentioned), and in particular, the regional technology foresight exercise which had
led to the identification of 40 key technologies, to define and launch a pilot action
aiming at encouraging hrms to co~operate in order to ~evelop joint research and
innovation actions related to these key technologies.

The Technology Clusters programme is an experimental pilot action of the DGTRE.
The overall objectives are to promote partnership and synergies amongst groups of
enterprises and between the business and scientific communities; and to reinforce
the innovation dynamic in enterprises through the support of new forms of
partnership allowing for exchange of knowledge and undertaking of joint actions,
training and commercialization, notably in terms of new product development. Two
calls for proposals have been organized. The ten elected projects concern the
following technology fields: Integrated and secure management of electronic
documents; multimedia; industrial applications of software engineering; friction stir
welding; rapid prototyping; mechatronics; recycling of refractors; digital signal
processing; nutrition: application of ICT to the graphics industry.

The financial intervention of the region is extremely limited and is essentially
intended to part-fund an expert or an animator for each of the clusters with the aim
of putting organizational procedures into place in order to identify the interested
stakeholders and assess the market and technological trends.

3.1.3. Prometheus II

Through the ERDF, the European Commission decided to co-finance the innovating
Action plan of the Walloonian region named Prometheus II. This project was
approved in 2003 and its implementation started at the beginning of 2004 and is
continuing until the end of the year 2007, Three operators were involved: the
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DGTRE, the centres of competence" and the Walloon Agency for
Telecommunications, 15

The DGTRE was entrusted to implement the actions focused on technological
innovation. In fact, it has carried out evaluation exercises rather than foresight
exercises. The programme comprises a analytical part on three aspects: identification
of the fields of competence of the Walloon laboratories in applied research;
evaluation of the Walloon system of scientific and technological intermediation;
assessment of the means to promote quality management in the activities of research.

89

3.1.4. Mobilizing programmes

In Wallonia, the choice of areas to be supported, notably, through the 'mobilizing
programmes' is usually made by consulting the Science Policy Advisory Council,
CPS, rather than through explicit Delphi-like or other types of formal analysis and
surveys.

Since 2000, through mobilizing programmes, the region follows two objectives: to
reinforce the scientific potential of its universities and high schools and to develop it
in Walloon industrial base. This double goal is pursued by. financing applicable
research projects, i.e. likely to lead in the long term to an exploitation of their results
in existing or future companies. The programmes contain generally sets of themes
and are focused on fields which are of great interest for Walloonian industrial base.
The evaluation and selection of each project are made by two independent foreign
experts. Moreover, they stress interdisciplinary collaboration between teams of
researsh and privilege, even impose. the implication in the projects of several
research institutions.

3.1.5. Collective research centres & excellence hubs

The mission of the collective research centres is to carry out applied research
activities in their sector of competence and provide training, technological
assistance, technological watch and dissemination of technologies to firms. In
addition to those collective research centres. a number of new research and
technology transfer centres" ('poles d'excellence) have been created, notably with the
support of the Structural Funds in the Objective 1 - province of Hainaut during the

14 Recently set up (from 2000 until now), the centres of competence are training infrastructures: they
are vectors of a new technical culture for the workers, the work applicants, the companies'
managers, the students, the teachers_ A first series of projects aims at reinforcing accompaniment
to the leT for the (very) small enterprises. Other projects aim to develop targeted sensitizing
actions related to the ICT for the work applicants and of the workers.

15 Created in 1999, the Walloon Agency of Telecommunications (AWT) is a public agency which aim
1S to promote the universal access to the leT and their generalized use. The AWT has developed
within this Prometheus II programme methodological tools necessary to the reinforcement of the
appropriation of the leT by the Walloon companies and citizens, i.e. a multi-media guide,
methodologically and technically innovating, available on line and suitable to the needs for
Walloon SMEs and the educational sector.

16 They differ from the collective centres on two main points: they originate from universities and
not from industry; they are originally 100 per cent publicly financed - 50 per cent by EU ERDF
funding and 50 per cent by the Walloon region.



period 1994-99. With respect to the existing collective research centres, the aim here
was to develop and strengthen existing know-how in additional fields, namely:
biotechnologies, chemistry, information technologies, telecommunication, new
materials and extractive industries. Alike the collective research centres, their mission
is to carry out applied research activities in their area of competence and provide
technological assistance, technological watch and diffusion of technologies to firms
(induding training ...). They are consequently an essential tool of the economic and
industrial redeployment of Wallonia insofar as they contribute to the diffusion and
the integration of emergent technologies in industrial base.

3.1.6. Involvement of stakeholders in R&D policy debates it Technology
Assessment

During the last decade, broad consultations on R&D issues have become a more
usual practice through a series of Research Meetings (1996-1997) and the
Prometheus programme (1999-2001). From June 1996 to November 1997, the Council
for Science Policy (CPS) and the regional administration (DGTRE) organized a series
of ten one-day conferences-debates,17 opened to the wider public. About 900
participants attended at least one of the meetings. This group was composed of
members from industry, universities, public agencies and administrations,
government. education, trade unions and other social organizations. Each conference
was organized on the same pattern: keynote speeches. induding some made by
foreign experts; roundtable discussions with representatives of concerned
stakeholders; discussion with the audience. The subjects of the debates were:
research listening to the civil society; organization of the research system.; scope and
means of R&D public financing in the region; industrial cooperative research
centres; sectoral and thematic orientations of regional public research; valorisation of
research results; evaluation of the impacts of R&D on society; social and cultural
conditions of innovation; internationalization of R&D; role of the researcher in
society. The CPS published a synthesis of the contributions and debates and issued
key policy recommendations for the future of research and of technological
development in the Region. The Prometheus I project described above can be
considered as a follow-up initiative of this broad consultation and discussion process.

In addition, during the last ten years, the region has significantly increased its
promotional efforts in scientific and technical culture, particularly focusing on young
people.

In the Walloonian Region, technology assessment (TA) capacities are not that well-
established. In 1994, the Region of Wallonia decided to institutionalize a consultative
TA mission at the level of the Walloonian Council for Science Policy (CPS). The TA
mission consisted of two tasks: to prepare opinions of the CPS on TA-related topics
and to manage an experimental research programme, granted by DGTRE and
subcontracted by way of calls for proposals to universities and research centres, by
way of calls for proposals. A small team for TA coordination was set up under the

J7 Graitson D., Les rencontres de la recherche, BuJletin Athena, no 136, decembre 1997.

90



authority of the CPS. Until now, the technology assessment assignment granted to
the CPS has not yet reached the visibility or impact that one might have expected
from a regional body experienced used to institutionalizing technology assessment.

In Wallonia, EMERIT" has been an original long term TA experience. EMERIT is the
acronym of 'Experiences de Mediation et d'EvaIuation dans la Recherche et I'Innovation
Technologique' (Experiments of Mediation and Evaluation in Research and
Technological Innovation). The project started in 1992. It consisted of a mission
entrusted by the Walloonian Minister of Research to a not-for-profit research called
'Technology to the Work & Technology Research Centre" at the Fondation Travail-
Universite (FTU). The assignments were to promote awareness and to create a
favourable climate towards technology assessment (TA) in the Region of Wallonia,

. and to support initiatives of mediation between research and the civil society. These
assignments resulted in a pluri-annual programme of activities: exploratory studies,
publications, organization of public events (conferences, workshops).

As Valenduc and Vendramin stated, "the Walloon situation is paradoxical today
because whilst expertise is growing in several research centres in the "technology
and society" field, regional initiatives on TA institutionalization are more or less at a
standstill".'"

3.2. Industrial policy

Competence for innovation policy matters within Wallonia is shared between the
R&D policy on the one hand (industrial research and technological innovation) and
economic policy on the other (investment support to enterprises, foreign investment,
start-ups and cluster policy, etc.). Let us have a look on the technological component
of the clustering policy and on the competitiveness policy.

3.2.1. Economic clusters

In January 2000, the Government of Wallonia fixed support to the development of
networks of companies among the priority measures of its Contract for the Future for
the Region. At the same time, awareness and support actions to clustering were
included in the 2000-2006 programmes of the phasing out of Objective 1 (Hainaut),
Objective 2 urban (Liege) and Objective 2 rural (Namur and Luxembourg).
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18 Valcnduc G., Vcndramin P. et Warrant F., La societe a' 'epreuve de la technologie, dix ans de
sensihilisation aux enjeux de la recherche et du changement technologique, FTU avec Ie sa uti en
de la Region wallonnc, mars 2002, ISBN 2-9300062-18-5.

19 FTU was selected as the host institution of EMERIT because of its experience in research on
technology and society, and its close cooperation with social organizations.

2U See Felt U. (ed.) and alii, Opening public understanding o.f science and technology ~Final report,
European Commission, June 2003.



The Clusters programme was launched" between July 2001 and March 2002 and
extended in 2003, on the basis of an initial positive assessment of the pilot actions,
These 'economic clusters' have been defined as: "an organizational approach of the
production system based on the initiative of the companies (with, if need be, the
participation of research centres) and characterized by a co-operation framework
encompassing related activities; the voluntary development between the companies
of a complementary relationship, vertical or horizontal, profit or non-profit, the
promotion of a common vision of development", A recent decree formalizing the
relationship between the regional authority and 'clusters' as beneficiaries of support
measures has been adopted by the region on 17January 2007,

Between 1999 and 2004, The Destree Institute has conducted an important foresight
exercise on behalf of the Government of Wallonia and its Administration, The
Foresigbt Mission Wallonia 21" was conducted with the task of encouraging the study
and production on a regional scale of foresight views and action programmes in the
framework of Wallonia's Contract for tbe Future,

Twenty actions were identified in this context to make of Wallonia an area of
knowledge, learning and creativity, described here, constitute a result of the Foresight
Mission Wallonia 21. The setting up of an economic cluster of creativity was strongly
recommended, This would have to associate partners of cultural industries,
designers, artistic reachers, etc. One of the most productive axis of innovation
consists of uniting people or teams which generally do not work together. This
cluster of the economic creativity is intended to generate new employment and to
reinforce the economic activity by the development of the growth, the vitality and the
competitiveness of Wallonia, It would reinforce the bonds between technologies and
the creativity. Unfortunately, until now, this recommendation has not been followed
by any public decision,

21 In July 2000, MERIT (University of MaastriCht) and Ernst & Young France issued a report
financed by the Minister of the Economy and the Economy Policy Division (DGEE/DPE). This
report confirmed the interest of the cluster concept for a large panel of Walloon companies from
different scctors of activity and examined how the Region could support the clusters. The private
initiative should be the prime movcr of the appearance and development of these clusters, the
Region operating as a catalyst by supporting the early stages of setting-up and consolidation. This
report is downloadable on this website: <http://clusters.wallonie.be>.

22 Three reports were published:
Destatte Ph. (cd.) (2002), ForeSight Mission Wallonia Wallonie 21, Wallonia tuned in to Foresight,
First Report to the Ministre-President o/the Government o/Wallonia, Charleroi, The Destree
Institute.
Destatte Ph. and Van Dorcn P. (ed.) (2003), Territorial Foresight as a tool o.fGovernance,
Charleroi, The Destree Institute.
Destatte P. and Van Doren P. (ed.) (2004), Foresight Missioll Wallonia 21, Foresight tuned into
Wallonia, Charleroi, The Destree Institute.
These rcports are available on line: <http://www.wallonie-en-ligne.net/Mission-
Prospcctive_ Wallonie-21.htm>.
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Foresight for enterprises in Wallonia" has also been conducted by the Destree Institute
in 2002-03 at the request of the Minister for Economic Affairs of the Wallonia
Government, within a global dynamic called 4X4 for Entrepreneurship. The aim was to
redefine the regional support policies for companies, by taking into account the
stakes and challenges on the horizon of 2020. The task went ahead mainly in
conjunction with company directors, the Walloonian Union of Enterprises and
experts from business circles. Through this foresight exercise, the participants
strongly emphasized the need for competitiveness clusters.

3.2.2. Competitiveness Hubs

Within the framework of its "Marshall Plan", the Government of Wallonia has
initiated a "Competitiveness Hubs policy", which aims at developing leading regional
sectors of activity which have the capacity to reach a high level of excellence, thereby
generating a new move for growth and allow to position Wallonia at the international
level.

A new measure, introduced in 2006 'Poles de Competitivite' fills the gap by focusing on
the relationship between businesses and research institutions. Competitiveness poles
policy will complement the Clusters approach developed since 2000. Whereas the
clusters were financed to drive a network of enterprises and to promote innovating
partnerships, whether industrial. commercial or technological. here, the
Competitiveness Hubs are essentially supported by the region for the achievement of
projects of investment, R&D or training in the wake of the competitive positioning
strategy they have themselves defined. On the basis of a economic survey performed
by Pc. Capron (ULB.lDULBEA), the Government of Wallonia identified five sectors
for which proposals for poles would be eligible: I) life sciences 2) agro-industry 3)
transport-logistics 4) mechanical engineering 5) aeronautics/space.

On 8 December 2005, the Government issued a call for proposals for the constitution
of hubs in 5 those fields considered as crucial for the regional economic
development. Proposals had to provide the follOWinginformation: the strategy and
the objectives of the hub should be defined the general strategy for the development
of the hub, its work priorities (markets / technological fields) and fields of
excellence, its objectives and expected results/impacts and the dedicated means: the
scope and environment of the pole: a detailed map of the hub should be presented -
which partners, their roles, their contributions, their competencies and respective
degrees of involvement, as well as the networking of the hub. The external co-
operation activities of the pole and its integration into international networks should
also be described .. A comprehensive diagnosis of the hub and its prospects should
be provided, covering its different components (industrial basis, R&D and
innovation, training ...). The hub should be positioned with regard to the sector and

23 A presentation of the foresight exercise has been made by Florence Hennart and Philippe Destatte
to the Seminar on Foresight.Info organized by DATAR on 24 March 2005: http://www.institut-
destree.eu/Reseaux/DIACT.htm. See also Destatte Ph. and Van Doren P . (2003), Reflexion
prospective sur les poli/iques d'entreprises en Wal/onie, Rapportjinal, Namur, Direction generate
de I'Economic ct de l'Emploi du Ministerc de la region wallonne (Direction des Politiques
economiques) - Institut Destree, 50 p.
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the market at the regional and international level. A multi-annual business plan must
be provided, detailing the content of the concrete co-operation projects to be
implemented by the hub (partners, objectives, dedicated means, expected results and
their exploitation, timetable) and their financing means. The proposal should
describe the formal and informal modalities to be installed to ensure the strategic
and operational monitoring of the hub.

On the basis of opinions delivered by an international jury of experts, the
Government selected the Competitiveness poles to be implemented. Four poles were
selected and officially given the label 'Competitiveness Pole' on 14 July 2006, namely:
aeronautics and space. agro-food, life sciences and transport and logistics. The
labelling of the Mechanical engineering Hub has been obtained on 15 September
2006.

At a strategic level, a formal governance board will be set up by each pole. all of
which will be topped by governing bodies. The coherence and the feedback will be
provided by a member of the Task Force for Strategic Priority One who will serve as
liaison between the governance of the poles and the task force. The private sector
plays a major role as a driver of Competitiveness Hubs, in co-operation with the
French-speaking universities represented within the Governance Council and
ensures the Vice-Presidency of each hub. The poles will provide research work
programmes to the regional authority every year.

The Competitiveness Hubs policy will be conducted as an experimental project up to
2009. An evaluation of the first poles is planned in 2008. The directorate general for
research (DGTRE) and the directorate general for economy and employment (DGEE)
of the regional administration have set up an ad-hoc administrative cell which plays a
key monitoring role with specific responsibilities for the collection of data and
development of tools to be used for evaluation and benchmarking purposes.

3.3, Employment policy

In the implementation of an active employment policy, one has to underline the
important role exerted by the centres of competence regarding future qualifications.
The Centres of competence provide qualifying training and improvement to the work
applicants. Beyond the training activities strictly speaking, the Centres of
competence intervene upstream (early-watching. information, sensitizing ..) and
downstream (validation of competences, improvement of the dies of insertion ...).
They are in charge of an early-watching mission on the evolution of the trades and
the needs for training.

At the end of 2006, the regional agency for employment has released a report called
'Jobs and skitl's requirements for the future'. This report is a transversal synthesis of
the early-watching reports written by those various Centres of competence and is
supported by reports concerned with the studies of 'ecosystems' carried out by the
regional agency for employment called FOREM. Three important factors of change
represented were highlighted lor each industrial branch: economic, technological and
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legal factors. The importance of these factors varies from one sector to another in
term of development of the jobs and skill requirements. The completely new jobs'are
rare. Generally, the worker is expected to hold more competences than before. He
must have technical skills which evolve with the technologies used in the company,
with the economic environment but also according to change within legislation and
regulation concerning the sector. He must also show autonomy, have a real sense of
the responsibilities and know how to communicate. Well-fit trainings to specific
branch of industry is more as ever of primary importance for the workers.

4. Territorial Foresight in Wallonia

As we have seen, pure technology foresight is rather limited in Wallonia. Regional
technology foresight has mainly followed informal ways rather than a structured one,
except for the "40 key technologies" study. Regional technology foreSight has been a
quite discontinuous process. Beside technology foreSight practices, Wallonia has also
accumulated a huge experience in territorial foresight notably through the expertise
of the Destree Institute.

Territorial (or regional foreSight) could be defined as an application of foreSight to
territories, whatever their size and governance structure.

The Destree Institute threw itself into the territorial foresight field in the early 1980s
by launching a cycle of exercises called Wallonia to the future, concentrating at first
on issues related to civil society. Between 1985 and 2004, The Destree Institute
engaged in six foreSight exercises" of which it was both the partner and the operator.

Since November 2004, these studies on Wallonia to the Future have been replaced by
a Regional ForeSight College, consisting of thirty personalities who meet on a regular
basis and concentrate their efforts on implementing a system of regional change,
springing from a foreSight analysis that relies on a diagnostic of the values, beliefs,
perceptions and behaviour of the Wallonia stakeholders.

At the request of the minister in charge of Town and Country Planning in the
Wallonia Government and the Services for Town and Country Planning" The Destree
Institute constructed an information platform called 'Wallonia territorial Intelligence
Platform' dedicated to foreSight projects in Wallonia with the idea of launching the
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24 The proceedings of these initiatives were published under the following titles:
- The Destree Institute (1989), Wallonia to the Future, Towards a new Paradigm, Charleroi.
- The Destree Institute (1992), Wallonia to the Future, The Challenge of Education, Charleroi.
- The Destree Institute (1994), Wallonia to the Future, The Challenge of Education, Consensus-
Conference, Charleroi.
- The Destree Institute (1996), Wallonia to the Future, Which strategiesfor Employment?,
Charleroi.
- The Dcstree Institute (1999), Wallonia to the Future, Leaving the 20th Century: Evaluation,
Innovation, Foresight, Charleroi.
- The Destree Institute (2005), Wallonia 2020, A Citizen Foresight Thinking about the Future of
Wallonia, Charleroi.
Most of these publications arc now out of print but may be consulted on line:
http://www.wallonic-cn-lignc.net/wallonie-publications/Wallonie-Futur_Index-Congres.htm.



project for Regional Environmental Planning, in order to provide informations on
regional foresight initiatives conducted in the field of local and supralocal
cooperation. This platform has been up and running since 2005 and the products of
its quarterly seminars can be ound on the website http://www.intelliterwaLneti.

Several exercises, - to some of which The Destree Institute gave methodological
support - are described there, and include Luxembourg 2010, Herve au futur, Charleroi
2020, Prospect 15, Liege 2020.

5. Main conclusionsfrom TF experience in Wallonia

Our conclusions about the Walloon experience of TF during the last decade could be
expressed in the following items:

1) A growing attention has been devoted to the evaluation of RDI policy by the
regional public authorities. This increase of the culture of evaluation is also
mentioned in the Trend Chart country report 2005: "the first and then second phase
of the Prometheus strategy exercise have significantly improved both the process (in
terms of widening the constituency of actors involved, the regularity of debate, etc.)
and the understanding of the bottlenecks in the regional innovation system which
limit the innovation potential in regional enterprises ».25 The analysis of the regional
system of innovation identifies the transfer of technOlogies and the valorization of
the R&D as the weakest links of the system of innovation. As a result, there has been
a strong emphasis by the regional authorities on clusterIng, on achieving crItical
mass and also, on simplifying the process of delivering assistance and subsidies to
companies.

2) Evaluation of RDI policy has received more attention than technology foreSight
in Wallonia during the last decade. Several factors can explain this attitude. On the
one hand, the penetration of foresight in the Belgian universities until now remains
very weak: the students are hardly made familiar with the culture of foreSight, the
methods and reference frames of foresight are not systematically taught in Belgian
universities as they are in Great Britain, in Germany, or in the Netherlands. There
could be a second factor that could explain the weakness of the technology foreSight
in Belgian teaching and practice: the future of the federal state is very debated which
reduces our ability to project ourselves in a long term perspective. The very existence
of the Belgian federal state is indeed often questioned. Lastly, the composition of the
consultative bodies as regards RDI policy, gathering the two sides of industry and the
universities and high schools, does not necessarily promote the use of foreSight.

3) From a methodological point of view, the use of key technologies as a foreSight
method has been predominant. Scenarios, Delphi, backcasting have not been used.
Nevertheless, one also has to mention the use of more general approaches like expert
workshops, interviews, literature review.26

25 European Trend Chart on Innovation, Annual Innovation Policy Trends and Appraisal Report
Belgium, 2005, p.l2

26 Keenan M., Butter M., Sainz de 1a Fucnta G., Popper R., Mappingforesight in Europe and other
regions of the world, highlights from the Annual mapping of the EFMN in 2005-2006,
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4) In the setting-up of regional RDI priorities, the main momentum of this
technology foresight process was the 'key technologies' study, conducted within the
Prometheus I programme. Otherwise, technology foresight has been a quite
discontinuous process. There is a strong need to maintain and to foster a technology
foresight attitude within our regional innovation system and agenda, notably through
sensitizing all the innovation actors and through periodic updating of the key
technologies study.

5) The key technologies' study has been the foundation stone for technology
clustering policy. However, the sectors were initially reluctant towards a cross-sectoral
analysis and policy.

6) One should notice that technological watch is more practised than technology
foresight (among collective research centres; competitiveness hubs; centres of
competence). This means that the regional strategy is more short-term oriented or
medium-term oriented than long-term oriented.

7) The process of technology foresight - or technology watch - is fairly
decentralized; more and more, notably through the new competitiveness hubs,
strategic positioning and technology detection and watching are carried out by the
actors themselves, with the help of an optional external expertise. As a result of this
decentralization process, the regional administration relies more and more on
external expertise and one could fear a decrease of TF expertise because of a lack of
human resources within the administration.

8) Technology foresight tends to become progressively a transverse concern, cross-
cutting several regional administrations and agencies, as well as different sectors,
Nowadays, technology foresight also reaches regio"nal industrial and employment
policies. However, the institutional context is characterized by a highly federalized
research system and a extremely strong fragmentation (e.g. during the last decade,
technology clusters have grown up as well as economic clusters and export clusters,
due to fairly separate responses to those different stakes).

9) Whilst expertise is growing in several academic centres in the "technology and
society" field, regional initiatives on technology assessment institutionalization are
merely at a standstill in Wallonia.

10) "While globalization has an impact on territories, (...) foresight has become a
major instrument of regional governance. (...) Each foresight exercise is unique and
should find its own path taking into account specificities of the territory, the
established processes, and the diversity and roles of its actors."" The experience of
Wallonia shows how regional technology foresight can be positively completed by
territorial foresight in order to take into account specificities of the territory.

August 2006, <http://www.efmn.info>.
27 Clar C. and Destatte Ph. (October 2006), Regional Foresight, Boosting Regional Potential, Mutual

Learning Platform Regional Foresight Report, Luxemburg, European Commission - Committee of
the Regions - IRE Network, p.6. and p.32. The document is downloadable on this website:
<http//:www.innovating-regioos.org>.

97



Regions Foresight in Europa: the Case Bashkortostan

Alexander Sokolov

Abstract

Innovation development in the regions is a key factor for increasing Russia's
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1. Background
Russia has always been one of major. contributors to the world stock of scientific
knowledge, During the years of economic crisis, due to sharp decrease of budget
R&D funding (4,5-fold in 1991-1998) and lack of demand from industrial enterprises,
national research capacities have been strongly deteriorated, number of researchers
in 1992-1998 decreased from 804 to 417 thousand (and then stabilized) - see Higher
School of Economics (2006), Nevertheless, Russian science still keeps competitive
positions in many fields of basic research,

The Russian S&T system has inherited from the Soviet era its peculiar features - very
large scale, institutional structure fitted to centrally directed management (most of
R&D is still concentrated in large research institutes), predominant orientation
towards government funding, R&D institutes, being separated from industrial
enterprises are often not able to produce R&D and technologies that could be in
demand at the markets and competitive vis-ii-vis the world best level. At the same
time, share of universities in total research performance is some 5-6 per cent
(4-5 times less than in developed countries),

In the recent years of stable economic growth R&D funding has been increasing, but
the level of innovation activities in industries remained lower than in developed
countries, One of the key elements of the government policy is ensuring
competitiveness of national producers and transition from the economy based on
export of raw materials and fuels towards the one based on innovation, latest
technologies and providing higher added value, With this purpose, the Russian
Government started developing a Concept of long-term development of Russia,
whereas particular strategies are developed for major sectors of economy,

To be competitive in the market environment and globalization, Russia has to
increase efficiency of its National Innovation System (NIS), The major problems in
this respect are overcoming barriers between industrial enterprises and R&D,
selection of strategic priorities of innovation development and developing policies
for their implementation, Modernization of innovation systems is of particular
importance for the Russian regions, many of which started developing relevant
strategies, One of the key barriers hampering innovation development is lack of
coordination between federal and regional policies,

Regional distribution of R&D in Russia is very uneven, more than 50 per cent of
national R&D expenditure is spent in the Central federal district (with more than
third of total - in Moscow), whereas other regions (except St.-Petersburg,
Novosibirsk, few other R&D centres and science cities) are much less developed in
this respect. The gap between R&D and industrial enterprises in the regions is even
bigger than in the centre, Local industries are less developed, The R&D-intensive
production chains have been Significantly changed or disintegrated, Lack of local
R&D-related initiatives, weak involvement of regional R&D units and universities to
the implementation of Government S&T pro-grams leading to deterioration and
disintegration of the national S&T system was one of the major concerns of the
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government. This was mentioned in many strategic documents, but clear policies to
overcome these trends had not been developed yet.

2. The Foresight initiative and actors involved
The Foresight study of regional innovation priorities was initiated by the Ministry of
Education and Science of the Russian Federation in 2005 as a pilot project aimed at
developing and testing methodologies for bUilding long-term innovation strategies at
the regional level. The Republic of Bashkortostan had been nominated as a pilot
region.

A few years before that, the republican government took a decision to build up a
regional strategy of the innovation development. Foresight was examined and chosen
as a working tool with regards to its possibilities and practical experience gained in
other countries. In November 2003, UNIDO together with the Government of
Bashkortostan organized a ForeSight workshop in Ufa where major issues related to
potential areas of ForeSight implementation were discussed.

Being selected as a pilot region for an innovation Foresight study, Bashkortostan
received the support from the Federal Agency of Science and Innovations. This
initiative was also backed with administrative resources provided by regional
authorities, in particular the republican Ministry of Industry, Investment and
Innovation Policy.

The Foresight exercise was implemented by the Regional Foundation for Innovation
Support and the Higher SchOOl of Economic (a Moscow based university) as a
project funded in the frame-work of the Federal S&T Goal-oriented Program in 2005-
2006. Besides that more than 120 experts were involved that represented largest
regional industrial enterprises, universities and research institutes.
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Table 1. Actors involved in the project implementation

I Type Name Role I
Federal gQvernment Ministrv of Education and Science Proiect benefldary

Federal Agency of Science and Funding agency
Innovation

Regional government Ministry of Industry, Investment and Administrative support, Project beneficiary

Innovation Policy

Regional partnership Foundation for Innovation Support Project contractor (coordination of expert

organizations panels, promotion and dissemination)

Universities Higher School of Economics Project subcontractor (development of
Ufa Aviation University methodologies, implementation and
Bashkir State University coordination)

Participation in expert panels

Research units Bashkortostan Academy of Sciences Participation in expert panels
Ufa Research Centre of the Russian

Academy of Sciences

Applied R&D units
Industry Enterprises Participation in expert panels
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3. Region's characteristics

The Republic of Bashkortostan (Bashkiria) is located in the Volga region of Russia
(see Figure 1). The population is over 4 mIn., of which 2.6 mIn. live in urban
settlements (more than 1 mIn. in the capital city of Vfa). By territory (143600 sq. km)
the region exceeds such European countries as Austria, Bulgaria or Ireland.



Figure 1. The Republic of Bashkortostan

The republic possesses significant natural resources including oil, gas, coal, iron and
copper ores, gold, salt, limestone and gypsum. The raw materials and manufacturing
industries are well developed in the region. Machinery producing industry and
mining (11 per cent of total sales in 2005), chemical and petrochemical industry
(9 per cent) and energy (7 per cent) are the main industrial sectors. The share of the
aircraft industry is also quite significant. Most of industrial enterprises are located in
Ufa and severa! smaller towns. The energy resources fully meet the demand of
regional enterprises. Company "Bash-kirenergo" is the largest regional energy
supplying system in Russia. The republic is also well known in Russia and abroad for
its scientific personnel. In 68 scientific organizations, there are more t.han
4.5 thousand of qualified researchers.

For the last few years Bashkortostan has been demonstrating a strong economic
growth: in last 7 years the GRP and the volume of industrial production have grown
by more than 50 per cent. The key factor of growth has been the development of the
raw materials and manufacturing industries. The financial sector is also characterized
by the dynamic development. Bashkortostan is one of few Russian republics with a
budget surplus. Qut of 88 Russian regions, it is 8th by GRP, 7th by industrial
production. 2nd by agricultural production.

Despite relatively good positions of Bashkortostan, regional authorities consider that
substantial economic potential of the region, its natural and human resources per se
cannot secure future well-being of the region. The low level of innovation activity
(just 8 per cent of all industrial enterprises in the region introduced technological
innovation in 2005, which was less than for Russia total (9.5 per cent) and few times
less than in developed countries), weak linkages between industries, R&D units and
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universities hamper regional development. Therefore one of the key goals of the
Foresight study was to identify key factors to foster innovation, increase
competitiveness, strengthen existing and create new networks for knowledge transfer
between enterprises and academic institutions.

4. Methodologies

t03

The general objective of the project was to develop methodologies for identification
of regional innovation priorities with respect to both regional peculiarities and
national interests. Among the specific objectives there were:

• Assessment of Bashkiria's S&T and innovation capacities;
• Benchmarking regional S&T potential vis-ii-visother Russian regions;
• Identification of key factors for sustainable innovation development;
• Development of the lists of regional critical technologies and the most promising

areas of their practical application;
• Contribution to the regional strategy for social and economic development.

The set of methodologies was selected with respect to best available practices
(UNIDO, 2005; European Commission, 2004 et al.). It was, on the one hand, based
on a general approach and envisaged expert assessment of regional S&T and
innovation capacities vis-ii-vis federal S&T priorities in order to identify the
breakthrough fields able to provide competitive advantages both to the regional
enterprises and to Russia as a whole. On the other hand, the methods were
customized for the region and included the SWOT analysis and detailed studies of
innovation demand (from regional enterprises for new technologies) and supply
(capacities of regional R&D units and universities to develop relevant technologies).

The whole Foresight process was designed with respect to the national priority areas
for S&T and critical technologies developed by the Russian Ministry of Education
and Science and approved by the President of the Russian Federation in 2006.

The exercise covered the folloWingparticular technology areas:

• Information and telecommunication;
• Nanosystems and materials;
• Living systems;
• Manufacturing;
• Energy;
• Rational use of nature;
• Transport and aviation.

For each area there was created an expert panel (15 to 20 leading researchers and
specialists from industrial enterprises) that was engaged in the project activities
during the whole period of its implementation. There have been conducted studies of
statistical and bibliometric indicators in order to benchmark Bashkiria vis-ii-visother
Russian regions, in particular the neighbouring ones.



A set of regional critical technologies was developed on the basis of interviews,
expert surveys and brainstorming seminars conducted for each of .above mentioned
technology areas. The project design envisaged sequential use of particular methods
with the aim to provide evidence-based analysis, maximal utilization of expert
knowledge, interaction and creativity of experts' participation. The sequence of
methods application is shown on the Figure 2 in the framework of the "Foresight
diamond" (Popper, 2007).

Interaction

Figure 2. Methodologies applied for the project

Creativity

Evidence

The SWOT analysis has shown that creation of the environment promoting
development of knowledge transfer networks and bridging the gap between S&T
community and industrial enterprises are the key issues to be addressed (Table 2).
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I Table 2. SWOT analysis

Strengths
Well developed raw materials and

manufacturing industries

Energy resources

Strong R&D capacities (world class research

in some areas)

Human resources in R&D

Skilled workforce

Weaknesses
Underdeveloped market institutes

Low share of value added
Dependence on the global fuels market
Deterioration of fixed assets

High costs of production

Low competitiveness

Lack of innovation culture

Opportunities

Sustainable economic growth in Russia and

increasing domestic market

Favourable situation at the global markets
High oil and gas prlces

Trade with neighbour regions

Threats

Joining WTO (increased competition)

Volatility of global economic situation

New legal regulations

High barriers to enter new markets

While developing the methodology of seleCting the regional innovative priorities, the
consistency with the approaches earlier applied at the federal level was ensured
(Sokolov, 2006).

The whole process consisted of several steps (Figure 3). The list of civil national S&T
priorities consisted of 6 priority areas and 32 critical technologies. For analysis at the
regional level there was added one priority area (manufacturing) and 5 relevant
technology fields in order to take into account needs of regional industries. The
whole set of 37 technology fields was further subdivided into more than
200 particular technologies. This list was at the first stage evaluated by regional
experts with respect to supply (S&T capacity available in the Bashkortostan R&D
units and universities) and demand (need from the regional industries and society).
At the second stage experts were asked to formulate the most important groups of
products that could be produced in the region with substantial use of locally
developed technologies. For each of priority areas there were selected from 5 to
10 such product groups. Expert panels, with respect to the evaluation results.
examined lists of technologies and chose (or reformulated) the most important of
them. Technologies that could contribute to the innovation development got the
highest ranks and were used as a basis for selection of priori-ties. The final list
included 7 priority areas, 28 critical technologies (subdivided into 75 particular
technologies) and more than 170 perspective innovation products. In total the
regional priorities differed from the national ones, because of their strong orientation
towards regional needs and availability of relevant R&D capacities. If the top level
was practically the same, there were more differences at the level of critical
technologies. For example, such national priorities as nuclear or hydrogen energy
were not included into the regional list, whereas some areas not covered by national
list like la-ser and plasma technologies were selected for the region. At the lower level
those discrepancies were even more articulated.
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Figure 3. Identification of regional priorities
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At the last stage experts were asked to assess existing situation ,related to utilization
of the selected technologies with respect to the following criteria:

• Research and technology excellence in the region (world best level, Russia best
level, etc);

• Practical utilizarion at regional enterprises;

• Major applications in the region, et aI;

and prospects of their development:

• Estimated growth rate for sales of product based on each of selected
technologies;

• Importance for increasing competitiveness;

• Potential competitive positions of the products at the regional, national and
global markets;

• Potential for occupying niches at emerging markets;

• Need in cooperation with Russian or foreign research centres.
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5. Results
The work of expert panels has resulted in the lists of regional critical technologies
(Table 3).

Table 3. Regional critical technologies
Transport and aviation
Managing transportation systems and systems of new generation

Aviation engineering

Energy-eWcient engines and motars for transportation systems

living systems
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Bioengineering and cell technologies
Enzymatic, bioartificial, biosynthetic and biosensor technologies

Biomedical and veterinarian technologies of life support and defence of a human being and an animal

Medicines

Diagnostics, medical treatment, and preventive treatment of the diseases

Nanosystems and materials

Volume nanostructure materials

Surface nanostructure materials

Composite polymers and elastomers
Composite and ceramic materials

Membranes and catalytical systems

'nformation and telecommunication
Intellectual management systems

Processing, storing, transmission and protection of information

Distributed computing and systems

Production of software

Manufacturing
Mechatronics modules based equipment

Forming, thermal processing, control and assembly

Laser and plasma technologies

Rational use of nature
Monitoring and forecasting state of atmosphere and hydrosphere

Resources assessment and forecasting state of lithosphere and biosphere

Processing and utilisation of technogenic wastes

Decreasing risks and damages of natural and technogenic catastrophes

Environmentally safe exploration of layers and extraction of minerals

Energy
New and renewable sources of energy

Energy production from organic raw materials

Energy saving systems for transportation, distribution and consumption of heat and energy

Among the most promising societal and economic implications the experts indicated
such product groups as helicopters, engines for aviation, jet nozzles with controlled
thrust vector, trolley-buses (aviation and transporr); medicines, immune-modulators,
biofertilisers, transgenic plants, bio-diagnostic gadgets, biochips (living systems);
superstrong, superfluid and other types of composites, nanostructural metals,
implants, special instruments, fixing systems et al (nanosystems and materials);
software development tools, CAD/CAM/CAE for oil and gas well-drilling, power



engineering and other applications, systems for data protection and distributed
computing for GRID-technologies (lCT); equipment for processing engine
components, processing high-alloy steel and metals, equipment on the basis of laser,
nuclear and plasma technologies for production of materials, membranes and
surfaces, gas-turbine engines for power engineering and gas-pumping
(manufacturing); water preparation, supply and purification, non-invasive control
systems, conservation of used oil wells, seismic profiling of oil stocks, biochemical
decontamination of toxic wastes (rational use of nature); gas turbines for electricity
production, cooled perforated blades with multicomponent thermo barriers, energy
saving equipment (energy).

Besides that there were proposed a number of policy recommendations covering the
following issues:

• concentration of R&D allocations from the regional budget on priority areas;
• shift towards competition based distribution of budget R&D funds;
• building research-industry networks via joint calls with matching funding in the

priority areas;
• facilitating higher education and training to build high quality human resources;
• development of technoparks and other institutions faCilitating innovation

activities.

6. Regional implication and policy options

The study has discloses significant capacities for intensification of innovation
activities in the regional industries. The share of innovation products and services
constituted only 4 per cent of total sales and 1 per cent of exports in 2005.
Intramural R&D expenditure in the republic did not exceed 0.5 per cent of GRP.
Even though the limited budget funds allocated to R&D are mostly distributed on the
institutional basis (With respect to size of relevant R&D units) with a very small
share of funds that are subject for a competition.

The technology transfer networks are underdeveloped, and industrial enterprises
prefer to purchase from abroad (sometimes obsolete) key-turn technologies despite
the fact that in the region there exist world-class research teams.

The Bashkoftostan government has been developing a mid-term (up to 2015) strategy
for social and economic development. The Foresight project findings created a
background for the strategy components related to S&T and innovation. Among the
policy options considered by the regional government there are complex measures
aimed at modernization of major enterprises in key industries, designing efficient
mechanisms tor integration ot S&T, universities and industries. introduction ot new
competition-based S&T programs with participation of businesses. There are
envisaged relevant changes in the regional legislation aimed at promotion of
innovation activities, technological modernization, and diversification of regional
economy (transition from predominantly fuel based economy to deeper processing of
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oil, gas and raw marerials, increasing added value, introduction of high,tech
products).

The list of regional S&T and innovation priorities will become one of the key
components of the regional strategy, it will be used as a background for practical
implementation of regional S&T and industrial policies. The success of the regional
policies will to a large extent depend on its consistency with the overall national
strategies. The approach used for the Foresight study allowed detailed expert analysis
of what technologies the regional economy needs, which of them could be success,
fully developed in the republic, and how Bashkiria could coordinate its innovation
strategies with neighbouring and other Russian regions.

A very important implication of the study was building of informal networks between
major stakeholders in the region (the government officials, industrialists, S&T and
education communities). The consensus on the key areas of innovation development
achieved in the course of expert panels and other activities creates a platform for
further concerted actions and development regional policies that are consistent not
just with federal strategies but could be shared by all parties involved in their
implementation. There are some examples of such actions supported by the regional
Foundation for Innovation Support after the project completion. There have been
announced competitions for innovators (projects aimed at innovation development at
enterprises with participation of research units). Another instrument is a web,site
publishing requests from regional enterprises to researchers for particular
technological solutions.
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Foresight for National Science-Technology-Innovation Strategy-
The Case of Romania
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Abstract

The paper presents the first National Science and Technology Foresight Exercise
(RTF) conducted in Romania from November 2005 to July 2006 as part of a larger
project called ROST (Romanian Science and Technology). ROST had the main goal to
elaborate the National RDI Strategy and Plan for 2007-2013. The prospective
consultation led to a list of 26 priorities, clustered in eight areas. Six other priorities
have been introduced, five of them in the supplementary space and security area,
during a strategic counselling phase. The scientific community analysed the basic
research areas where Romania has significant results, international visibility and
potential for future development. Priorities for the reconstruction of the national RDI
system were identified. A long-term vision document has been elaborated. More than
800 persons, representing key stakeholders participated to the negotiation
workshops, and more than 6000 persons expressed their opinions through electronic
surveys.
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1. Introduction
The Romanian RDI system passed through a very difficult period after 1989,
underinvestment and delayed restructuring enabling only in isolated cases the
connection to the global trends in S&T, while the still fragile enterprise sector in
Romania could not generate a real innovation demand. Practically isolated, the R&D
system became fragmented, the various components trying to survive with minimum
available resources, based mainly on public funding, within a mostly formal and
autarchic framework. The number of active researchers fell drastically from 1990 to
2004, while their average age increased. Many top researchers chose to leave the
country. The low attractiveness of research careers has determined qualitative losses
in human resources and a precarious adherence of youth to research. Low wages for
those working in RDI may be considered a key factor of low attractiveness, but the
reasons are more complex, as they are connected to the delayed institutional reform,
poor quality of R&D infrastructure and the absence of a performance! excellence-
oriented evaluation system. The lack of transparency in professional career
development may be considered as another discouraging factor. The quality of
outputs and weak international cooperation are reflected by the reduced number of
articles in mainstream scientific publications, the low number of citations of the
scientific results published by Romanian authors, and in the lack of interest towards
the protection of intellectual property. The extremely low number of patent
applications with Romanian authors, submitted to the national patent office, and
particularly to European, US and Japanese offices, confirms this situation. However
the project-based competitive funding launched since 1995 and extended in 1999,
has been contributed to increase in performance and change of attitude as regards
the access to resources.

Due to the significant improvement of Romania's economic performance (a
continuous economic growth since 2001, with annual growth rate of about 5 percent
and above) and a strong political commitment, public funding of R&D has
undergone a radical process of change starting from 2005. The CDP share of public
expenditures for R&D has shown a continuous increasing trend, from 0.24 per cent
in 2004 to 0.60 per cent in 2007, and targeting 1 per cent in 2010. The government
shows willingness to increase substantially the amount of resources allocated to
science and technology, should the system prove its capacity to reform itself and
produce results.

At the end of 2004 policy makers faced the complex problem of a lack of long term
vision of the Research, Development and Innovation (RDI) system, no RDI strategy
in place since 1990 including the consequences on planning effective use of
structural funds, and the National Plan for Research, Development and Innovation I
(1999-2004) was at the end of its initially planned period of implementation.

In this context, in the last part of 2004, the National Authority for Scientific Research
(ANCS) launched a priority project for defining the framework of RDI Strategy
development. It represented the preliminary, preparatory stage for the elaboration of
the Romanian Research Strategy correlated with the National Development Plan for
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2007-2013. Results were published as a Report "Methodology and procedures for
defining strategic objectives and priorities for the scientific research and national
technological development for 2005-2010" (Nica, 2005). The Report integrated the
knowledge base of previous studies (e.g. Organizational Performance Assessment for
National Plan for Research and Development I, in 2003), but also brought new
element, essentially through: (i) proposal for a new investment model for RDI system;
(ii) presentation of frequently used methods and procedures for RDI strategy
development and possible aggregations of these methods for the effective elaboration
in different time frames (6, 12, 18 months); (iii) defining a way to organize the
elaboration process of National RDI Strategy, proposal for successive operations and
time estimation; (iv) proposal for an alternative science and technology foresight
development exercise in Romania, starting with the presentation of the international
experience.

2. Romanian Science and Technology Project

2.1. Project Objectives

In early 2005, The National Authority for Scientific Research (ANeS) launched a
public call for the project entitled "The Elaboration of the National RDI Strategy for
2007-2013, based on elements of a strategic planning" (ROSY Project).

According to the Terms of References the main goal of the project was to deliver "a
programmatic document which will, eventually, anticipate a future framework
programme, the National RDI Plan (PN 2) for the period of time 2007-2013".

Therefore, mandatory objectives were:

To identify the problems of the National RDI system;

To define the set of strategic and specific objectives for the RDI system for
2007-2013;

To develop the National RDI Strategy, structured upon the elements of a
strategic planning, for 2007-2013;

To develop the PN 2 and to outline other programmatic instruments.

In order to make sure that the project's goal and expectations were to be met, the
contractor felt that a set of supplementary objectives needs to be formulated as
follows:

To develop individual and institutional capabilities regarding strategic
analysiS, diagnosis and prognosis, and the creation of an associative model of
decision orientation at the RDI system level;

To create a knowledge base allowing the post-implementation extension and
the dynamic exploitation of project results;

To develop skills and identify opportunities for speCific regional knowledge
transfer (Black Sea, Balkans, etc.).
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One of the main specifications of the project was the development of RTF with the
following objectives: to identify challenges, key trends and long term priorities of
Romanian RDI system; to develop scenarios and to ground the policy actions aiming
to make RDI contribute to a better social quality, knowledge development and
Romanian economy competitiveness. In this respect foreSight was seen as "a systemic
means of assessing scientific and technological developments, which could have a strong
impact on industrial competitiveness, wealth creation and quality of life" (Gheorghiou,
1996),

The ROST Project was implemented by a large consortium of 26 partners
(universities; national research institutes; research centres and institutes that belong
to the Romanian Academy; innovative SMEs, and a think tank) coordinated by the
National University Research Council (CNCSIS) and the Executive Agency for
Higher Education and Research Funding (UEFISCSU), The Romanian Academy itself
joined the Consortium as a full member later on, during project implementation,
Disadvantages of managing such a big consortium were far less important than the
value of having actively involved the key players of the RDI system in the project,
and making them aware of the project results (Curaj et. all, 2005), Involving them in
developing the science and technology foresight exercise became an opportunity for
settling the conflict by reframing it into a different context, where barriers are
overcome and reform is legitimized, It was a need because since 1989, when Romania
took steps towards a democratic society, change has been the source of continuous
conflicts, both interest-based and identity-based (Grosu, 2007), between the main
players in Romanian S&T,

Project implementation schedule is presented in Figure 1.
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Figure 1. ROST Project implementation schedule
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2.2. Organization and management

The coordination and the execution of the project were accomplished by the
following groups:

Ministry oj Education and Research - National Authority jor Scientijic Research
(ANCS) was the project promoter and sponsor. It was not direct involved in
project implementation. The President of ANCS, the State Secretary for
Research, was represented by a high level civil servant who participated to
almost all Steering Committee meetings, High Level Expert Groups meetings
as well as during the most of the intelligence gathering phase. Close to the
concept of the adaptive Foresight, it was used a strategic counselling phase
(Weber. 2006), (Da Costa, 2006) when results were translated into policy
strategy through an effective interaction with policymakers. It was a strong
political commitment for the project, not affected by the general election at
the end of 2004 and the change of Government.

The Steering Committee represented the highest level decision body and
assured the general project's coordination. It approved the work programme
and the methodology, and monitored the quality assurance process for the
project. It played a key role in raising awareness. lobbying for the project,
mobilizing the experts. A proper balance in membership of Steering
Committee contributed significantly to the achieving of the project
objectives. Steering Committee consisted of 5 key persons: immediate past
State Secretary for Research who launched the preparatory phase of the
project, in 2004; the State Secretary for Research who started the first
National Plan for Research, Development and Innovation (PNCDI I)
implementation (1999); a Vice.president of the Romanian Academy; the
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President of the Consultative Council for Science and Technology - National
Authority for Scientific Research, and the President of the National
University Research Council.
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The Scientific Council role was to provide technical scientific support and to
provide advices to ground the management decisions. Its members expressed
their opinions and made recommendations on the methodology as well as on
the project deliverables. Each project partner in the 31 institutions
consortium was represented in the Scientific CounciL

The Project Management Team - Project Team led the project on a daily basis. It
was composed of a Project Manager, a Deputy Project Manager, and four
Rapporteurs of the High Levels Expert Groups and staff members of the
Executive Agency for Higher Education and Research Funding (one of the
two project's coordinators). Project Manager was in charge with the team
management and took full responSibility for the project development in front
of the Steering Committee. He was permanently in contact with the Scientific
Board and maintained the interface between the Steering Committee and the
project sponsor, Ministry of Education and Research - National Authority for
Scientific Research. The Project Management team developed specific
managerial activities in order to reach the goals and to successfully
implement the project.



Higb Level Expert Groups (HLEGs) consisted of 15 to 20 members each. Due
to the project objectives and its complexity there were establish four l-ILEGs
as following:

• HLEG1 - Assessment of tbe Romanian RDI system - the main expected
contribution was a benchmarking study of Romanian RDI System. A
broad assessment of the Romanian RDI system was performed. including
strengths. weaknesses, opportunities and threats, while taking into
account the globalisation and the integration into the European Union.
Key persons from science and technology, economy, civil SOCiety,central
and local public administration, and non-governmental sector were
consulted. They identified bottlenecks and subsequent corrective
measures. The statistical data have been supplemented with two polls,
one focused on the RDI personnel activity and professional career (more
than 1000 persons: researchers, managers, etc.), and the other on the
Romanian patents (more than 600 individual and institutional patent
owners). The legal framework and the state aid issues were analysed. The
result of the whole approach was a comprehensive benchmarking study
on the Romanian RDI system, including recommendations for future
actions. More than 70 experts have been directly involved in preparing
the study;

• HLEG2 - RDI system priorities - the tangible results consisted of justified
priority proposals, and strategic vision of the RDI development.:
alternat.ive scenarios specifying the key element.s for the period 207-2013;

• HLEG3 - RDI Strategy 2007-2013 -- domestic and foreign studies and
reports were consulted, models of economic and social development were
analysed, statistical data were compared, and RDI strategies and strategic
plans were analysed. The result was a strategic study underlying this
document. More than 40 experts took part in the elaboration of the study.
While preparing the study, the complementarity, synergy and close
connection to national economic and political documents, strategies,
plans, including the National Development Plan and the National
Strategic Reference Framework, were taken into account. They
recommended the education strategy, particularly in its higher/tertiary
education components, to be correlated with the RDI St.rategy:

• HLEG4 - The National Plan for Research, Development and Innovation
2007-2013 - identified underlying principles for the National Plan for
Research, Development and Innovation II, and proposed an investing
model.

The HLEGs included expert.s from science, public administration, industry, science
and technology management, and civil society. The first were appointed l-ILEGs'
coordinators that were asked to propose the membership. Proposals were discussed
and validated by the Steering Committee. The l-ILEGs worked independently,
according to their specific terms of reference.
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From the project start, due to its complexity and time constraints as well as the
adopted projects structure, it was discussed the ways to avoid the risk to have the
HLEGs work as not interrelated sub-projects running under the project umbrella. As
a consequence it was decided each HLEG to be supervised by a Steering Committee
Member, and to facilitate the knowledge exchange between HLEGs members. At a
later stage of the project, three HLEGs (HLEG1, HLEG3 and HLEG 4) merged.

Expert panels consisted of 15 to 20 members each, leading national experts as
well as experts from science, public administration, industry, S&T
management, and civil society in a proper balance. The Steering Committee
and Project Team defined the terms of conduct for the expert panels. The
panel chair leader had been appointed first, and was asked to nominate
experts members, to the project Steering Committee, by consulting project's
partners and key stakeholders, and using her/his personal contacts. No
major changes from nomination to membership.

Experts were supposed to assure a high level of competence and legitimacy,
therefore science, public administration, industry, science and technology
management, civil society fields should be homogenously represented. These
are necessary for a correct dimension of the project, a warranty for the
validity of the final results. Due to the project financial constraints and time
constraints it was not pOSSible to organize an International Expert Group
which to provide their opinions and views on the project methodology and
results. However, the Romanian foreSight exercise have had a continuous
support from the ForLearn project (ForLearn, 2005), including a dedicated
mutual learning workshop organized in Romania before the project start, in
June 2005.

The International Advisory Board consisted of key persons from different
foreignlinternational organizations (EC/DG-R/Directorate K2 and IPTS-JRC,
World Bank, UNIDO, UNESCO-CEPES, European Science Foundation,
EARMA, US - NSF, Hungary Academy of Science, Spain, UK, Israel), and
representatives of key institutions in Romania (Presidency - a State
Counsellor; Parliament - Commission for Education and Research, and
Commission for ICT; Prime Minister - a Counsellor; Romanian Academy - a
Vice-president; Group Renault Romania - a Vice-president). The International
Advisory Board met two times, in May and October 2006 and expressed its
members' views and opinions on the methodology and project results. The
recommendations formulated by the International Advisory Board were used
by the project management for arguing some of the sensitive results obtained
during the foreSight process. It also contributed to a larger visibility of the
RTF.
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3. RTF - Methodology and results

3.1. Foresight Strategy

The context ot Romania's National Foresight Exercise subscribes to a power·driven
strategy of planning change. Therefore. the role of the authority figure becomes more
important and its involvement more necessary, in order to get an optimal result
(UEFISCSU.2005).

The objective of the foresight process is change, Change as an organizational process
has been studied within a framework of management of change. including three types
of strategies for planning change: (i) lnformation·driven strategies: (ii) Value·driven
strategies: (iii) Power·driven strategies (Nickols 2003), Recently, Relationship·driven
strategies were added,

Information-driven strategies rely on the principle that people are rational beings and
willing to change. Policymakers accordingly are Willing to promote change, if it is the
result of logical reasoning, is presented as a conclusion of a rationally motivated
process of visioning, For the implementation of the strategy the result of foresight
planning is put forward by the management group, who justifies change by pointing
out the relation between the foresight rationale and the chosen methods. The level of
participation needs to be underlined. Even though the whole approach is focused on
data, a variety of communication strategies are used to move things forward.

Value-driven strategies are based on the assumption that change is based on people's
perception on what is good and bad. All the stakeholders involved in policy dialogue
deliberations have a positive and active attitude towards change motivated by their
dissatisfaction with the current situation due to the clash between the political
"correct" discourse and fundamental value. Thus the process of seeking scenarios for
further developments becomes as important as the result itself and the involvement
of as many members of the system is the underlying principle. The primary
assumption is that intelligence is social rather than rational. Change extends beyond
the development of common understanding at a rational level, to include personal
meanings and values of the members,

Power-driven strategies emphasize that negative outcomes derive from the lack of
change implementation, Both the foresight process and the resulting outcome are
understood in the context of the international system, The two primary sub·strategies
in this approach include the use of legitimate power to promote change and the use
of economic policy instruments as a way to motivate change initiatives. Although this
type of strategies appears to be based on the negative motivation approach, they are
mostly combined with strategies of the first two types with eiiective results, But we
should also notice that the power·driven approach of the foresight exercise is a rather
risky one, taking into account the various external threats namely: the society might
not be fully prepared to accept the foreSight process, the implementing organization
might not be completely able to manage such a project, comprising much more
complexity than the other two preViously mentioned approaches; political decision
makers ordering the foresight exercise might change their priorities, Power·driven
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strategies include a large range of approaches, going from forcing change to
understanding authority as the main catalyst of change. It is the latter approach that
describes power·driven authority foresight strategy. In this case, the role of the
authority figure is to generate information~driven and/ or values~driven strategies, so
that the dynamics of the foresight process should not be influenced by the capacity
of the authority to impose change.

We must emphasize that the foresight process itself is the instrument of change and
not only its final outcome. On the other hand, it is hard to imagine that change might
be generated by the mere interaction of the entities of a weakly structured system,
characterized by a strong resilience to change. Involving the authority figure becomes
essential when motivating the experts and when taking decisions on structuring the
dialogue.

3.2. Foresight Process

During the last decades Foresight has become increasingly used as a strategic policy
intelligence instrument. Current Foresight theory is recognizing the complexity and
reflexivity of innovation processes and conceptualizes policy making as a continuing
reflexive learning process (Da Costa. 2006). The role of Foresight has been shifted
from product·oriented to process·oriented policy instrument.

RTF was both product and process·oriented. It aimed to supply anticipatory
intelligence such as the future challenges, risks and opportunities, SWOT analysis of
the current system, and visions for change for addressing them. According to ROST's
Project Terms of References, the deliverables list contains a benchmarking report,
direct policy recommendations such as priority list, multiple scenarios of future
developments, and recommendations for reinforcement of the institutional
framework of the consultative bodies and intermediary funding agencies.

The first learning cycle of the Romanian foresight aimed at identifying thematic and
systemic "directions of investigation" for Romanian RDI system as well as their
specifications. It was composed out of three future·oriented activities:

Consultations with key persons and key institutional stakeholders in science
policy·making;

An on·line issues survey· There were more than 1000 respondents out of
which 80 per cent Ph.D. holders. The target group consisted of experts
identified through a process of nomination and co·nomination that intended
to have a balanced distribution of experts from: science, public
administration, industry, science and technology management, and civil
society. It was a high expectation to have a larger participation of young
researchers, but it wasn't the case. The age average of respondents was 41,
below but very close to the researchers' age average in Romania.

A negotiation workshop.

The first two activities produced six directions of investigation, five of them in
which one could expect ideational transformations in science and technology,
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while the sixth direction was dedicated to system transformational priorities in
science management:

1. Information Society Technologies;
2. Competitiveness through Innovation;
3. Quality of Life;
4. Social and Cultural Dynamics;
5. Sustainable Development;
6. Institutional building/ empowering.

The final activity of this first stage was the first agora developed during RTF
(Grosu, 2007), a negotiation workshop. The modern agora is desctibed as a
public space translating "reliable" knowledge into socially robust knowledge,
while participants are both individual and institutional (Devenport, 2005).

More than 140 persons attended the negotiation workshop. They agreed on the
six directions of investigation above and concluded that there should be also an
autonomous space for science governance under the Mode 1 model of
knowledge production (Gibbons, 1999), (Nowotny, 2001). The Steering
Committee adopted the agora's point of view and defined a seventh direction of
investigation:

7. Science, frontier sciences and knowledge development.

The first learning cycle concluded on the name of the seven expert panels
(EP l-EP 7). Activities for defining the RDI priorities are presented in Figure 3.

The intelligence gathering phase had as key events the Negotiation Workshop
Conferences, organized for each direction of investigation identified before. EPs
coordinated preparation of those events. Their primary role was to interrogate
stakeholders on possible long-term priorities for Romanian research, analyse
answers, cluster them and put together an initial lists of long-term priorities,
functioning thus as an early filter, close to the methodology used by German project
Future. EP 7 had a supplementary role, to identify the key actors in basic research
(research groups, labs, departments, institutions).

The second filter was formed by the one day Negotiation Workshop Conferences
that have been organized using a negotiation formula that proved its efficiency
in international negot.iations. They were structured as series of autonomous
workshops, involving key persons from the scientific community, and also from
science governance, the business environment, or the civil society. Each
workshop was attended by up to 100 persons. The objective for each
disciplinary homogenous group was to select a short list of pOSSible research
priorities and to criticize other groups' selection. At the end, a negotiation
between representatives of each group produced a package with priorities
acceptable to everyone, but ideal for none. Each group was asked to accept or
reject the whole package, but not to modify it.
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Figure 3. The panels' activities for defining the RDI priorities
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3.3. Foresight Results

The list of possible priorities was submitted afterwards to a final selection through an
online voting procedure. RTF organizers felt "obligated" to use a questionnaire
somewhat similar to the one used in a classical Delphi survey, since this seemed to
be the sponsor's expectation, even if the time constraints gave no chance for
conducting a Delphi survey.

Results were processed and prioritized using the Analytic Hierarchy Process (AHP)
technique. At the end, the following short list of twenty-six research priorities of
socio~economic interest was obtained, Figure 4,

The Expert Panels were asked to synthesize the debates by defining a visionary
objective for each priority, the resources and science governance mechanisms
required in order to evolve toward those objectives.

EP 7 conducted a survey, asking researchers to express their opinions on the existing
potential of the areas of basic research to produce publications in highly ranked
scientific journals and! or to converge with the identified possible priorities of socio-
economic interest.
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Figure 4. The list of research priorities of socia-economic interest

1 Theoretical Informatics and Computer Science

Advanced Information Systems for e-Services
~--,-- ------ .-,---,--~- ---

Communication Technologies, Systems, and Infrastructures
Artificiallntelligence,'Robotics and Advanced Auto;';m-o-"-s-;S~y-st"e"'m"'s-----
Information Systems Security and Accessibility -----
Technologies for distributed systems and embedded systems -----
Nano-electronics, Photonics, and micro and nana Integrated Systems

2
3
4
5
6
7
8 Advanced Materials
9 Biotechnologies for Agriculture, Food Industry and Health

10 Advanced Technologies for Industrial Process Control

11 Innovative Products and Technologies for Transportation

12 Technologies for High-Precision Mechanical Products and Mechatronics

13
14

New Methods for Management, Marketing and Enterprise Development

Quality of Education

15 Quality of Health

16 Quality of Living

17 ·Quality of the Working Conditions

18 Human, Social, and Cultural Capital

19 Material/Immaterial Patrimony Cultural Tourism. Creative Industries

20 Soc:iallnequalities. Regional Disparities

21 Technology, Organization and Cultural Change

22 Methods and Procedures for Reducing Environmental Pollution

23 Sustainable Energy Systems and Technologies. Energetic Security

24 Territorial Planning. Infrastructure and Utilities

25 Waste Management Systems; Products Ufe-cycle Analysis, Eco-efficiency

26 Environmental Protection and Reconstruction of Endangered Areas; Conservation of Protected Areas

In order to complete the visioning process. the peripheral elements of the vision
needed to be identified, anchoring thus the vision in its environment. The RTF initial
methodology included a scenario building process and inclusive scenario workshops
organized by each of the five panels. relying on the entire short list of twenty-six
priorities. This did not really happen due to different reasons including the time
pressure. 1\ group of experts synthesized the data obtained from panel reports into
four scenarios. answering four major challenges for the Romanian R&D system
determined by the Assessment of the Romanian RDI system High Level Expert
Group: (i) Better interaction witb tbe international scientific community; (ii) Better
interaction witb Romanian industry; (iii) Better interaction witb Romanian non-
governmental environment (5ME. NGO); (iv) Better interaction witb Romanian
Educational system. A '·strategic vision·· that describes the most desirable path into the
future was produced afterwards.
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4. From Foresight Process to RDI Strategy and Plan

The RDI System Strategic and Specific Objectives were formulated during a number
of workshops attended by key persons in S&T system governance. The discussions
were focused on results of the foresight process (priorities and multiple scenarios),
the links with other policies. strategies, plans as well as the role of the Romanian RDI
system "to develop science and tecbnology, in order to increase tbe competitiveness of tbe
Romanian economy, tbe social quality and tbe knowledge likely to generate added value
and to expand tbe borizon of action".

To perform such role, the RDI system has three strategic objectives:

Knowledge creation, i.e. getting top scientific and technological results,
competitive on the global arena, contributing to the development of the
global knowledge pool, thus improving the international visibility the
Romanian RDI system and the application of the results into the economy
and society;

Increase tbe competitiveness of tbe Romanian economy through innovation with
impact on the private sector, and by transfer of knowledge to economic
practice. This objective concerns the achievement of top technological
results, complex problem solving research of local, regional or national and
international relevance, or requested by the business sector, and the
development of innovative technologies, goods and services, with direct
applicability;

Improve tbe social quality through development of solutions, including
technological ones, generating direct benefits for the society, This category
includes solutions to local, regional and national problems related to social
cohesion and dynamics, effectiveness of the policies, and issues related to
health, environment, infrastructure, land management and utilization of
national resources.
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Figure 5 presents the way the results from the different phases of the project were
used during the RDI Strategy development.

Figure 5. From Foresight Process to RDIStrategy
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The specific strategic objectives are:

Increase the overall system performance;

Develop the system resources;

Involve the private sector;

Increase the institutional capacity;

Extend the international cooperation;

Policy informing and Policy facilitating functions of foresight are obviously clear for
RTF. Besides supplying specific information as a support to policy design, from the
policy maker perspective, the main benefit from the foresight process was enhancing
of the system capability to change in phase with the specific policy under
consideration. It was possible a smooth implementation of policy strategies due to a
better responsiveness of actors in the field, actors that took actively part to the whole
foresight process.
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Both RDI Strategy and Plan 2007-2013 were approved in February and respectively
May 2007 by Government Decisions, The implementation phase has just started in
June 2007,

We can conclude that RTF was effective in create linkages, interfaces, knowledge
flows and networks between people and entities, The negotiation space created
during the RTF made possible, for the first time after 1989, the RDI Strategy to be
developed and supported even by people that traditionally have had opposite
individual and institutional interests, Different interest groups developed a shared
understanding of current situation and future challenges and agreed on a long term
view, It was part of policy facilitating function of Foresight.

We may admit the RTF was able to take the momentum of implementing such a
complex process valorizing a unique context.
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It is expected a high impact of the RDI Strategy and Plan 2007-2013 on the S&T
governing system, The institutional framework of the consultative bodies as well as
intermediary bodies financing the research, development and innovation will be
reinforced, Three public bodies are going to be set up/empowered: the Romanian
Research Council, the Technological Development Council and the Innovation
Council evolving from the existing institutional framework consisting of about
15 intermediary funding bodies,

5. Conclusions
Implementation difficulties during the Romanian foresight exercise point out on the
specifiCity of developing Technology Foresight in a power-oriented framework for
managing change, Such an approach looks like an easy solution for translating
visioning into policy-making, but it could comes together with pOSSiblecostly trade-
offs if the process is not properly managed, The ROST project management accepted
the challenge and took the momentum even if the circumstances appeared to be not
exactly favourable (time constraints, lack of experience in Foresight, very high
expectance on foreSight results, etc,), One of the most positive outcomes could be
considered that Romanian Science and technology foresight has generated the roots
of a foresight culture and "made the difference" into a society with low level science-
society dialogue, Peripheral elements of a shared vision can and should be
continuously fe-assessed; therefore, a better, more inclusive scenario building
approach should be a priority in the near future for Romanian foresight practitioners,
Cyber-agoras still need to be constructed, in order to produce the accumulator effect
of self-fulfilling prophecies the sooner the better. RTF can be considered as a start for
Romanian foresight practitioners' community development. A post implementation
evaluation of the RTF is going to be launch later on in 2007 and an impact
assessment will take place at the time of strategy midterm review, in 2010, Until then
the very fact that a first national foreSight exercise was successfully concluded in
Romania should be considered an important outcome,
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Corporate foresight - Shaping New Realities in Urban Mobility:
A Case Study of Foresight-Driven Innovation in the Automotive
Industry

Dr. Frank Ruff

Abstract

This case note briefly portrays the history of a foresight-driven innovation in the auto
industry from cradle to adulthood. Starting with the question how urban mobility could
develop in the future, alternative scenarios were developed by a research and foresight
team. The scenarios built the backdrop for workshops in which a multidisciplinary
innovation team developed new concept ideas for passenger cars. One of the concept
ideas that fit well with the future scenarios was a two-seater vehicle concept for
urban, lifestyle-oriented target groups. With an entrepreneurial decision to create a
new car brand the innovative car concept was developed and introduced to the
market as the today well known "smart", a brand of DaimlerChrysler. The case study
demonstrates that foresight-based innovation projects are not just an intellectual
exercise but that they can initiate, accompany and reframe large-scale innovation and
thus playa decisive role in shaping new realities.
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1. Introduction

Regarded superficially, the automotive industry and water industry, the mobility
sector and the water sector, belong to very diiferent worlds. The automotive industry
is of course a part of the industrial water cycle, hut not a dominant one, as vehicle
engineering and production do not consume much water, compared to other
industries. Besides this minor link, which is not the focus of this case study, there are
some commonalities on a more subtle level.

First, both domains are confronted with tremendous growth of demand and also
increasing scarcities that typically are a consequence of strong demand. In the mobility
domain, bottlenecks in infrastructures as well as environmental issues pose limits to
unbounded growth. The same is true for water. Second, in both domains, innovations
usually have large-scale impacts. Inventing new modes of mobility or introducing new
vehicle concepts into the marketplace has a broad impact on societies. In the same
vein inventing new technologies for supplying water also has broad impacts on
society. Third, in both domains experts see necessities for accelerated innovation, both
to serve groWing demand and to promote sustainable solutions that can be
implemented worldwide.

With both domains facing similar innovation challenges a case study on foresight-
based innovation is justified in this context. The approach is possibly apt to
stimulate thinking about foresight and innovation in the water domain. The focus of
this case study is not the incremental type of small step-wise innovations that
characterizes most of innovation activity in the automotive industry. Incremental
innovation prevails because road vehicles today accumulate more than hundred years
of engineering and usage experience. With the high level of maturity the leeway for
"revolutionary" innovation is naturally limited. Despite the dominant mode of
incremental innovation the focus of this case study is an innovation path that is, if
not revolutionary, at least clearly more than "incremental" because it aspires not just
to add another product to an established category but to shape new realities.

2. The limits of linear thought
Our research group is charged with conducting foresight projects in the context of
society, market and technology for the business units of DaimlerChrysler. Naturally, we
are frequently confronted with the questions:

• How does the future come about?
• What will the future of mobility look like?
• What type of innovations and solution will fit into the future?

Not surprisingly there are many answers to these questions. Dan Quisenberry, a
famous baseball player and poet, summed things up neatly in an answer that
corresponds to the common sense in modern societies: liThe future is much like the
present, only longer". Another - somewhat more profound - answer was given by
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Joseph Beuys, German artist and art theorist: "Before we know what we're doing, we
must know how we're thinkingll

.

In other words, to understand the current and future change in society and mobility,
it is instructive to think about how we think about mobility and society. As this is much
easier to demonstrate in retrospect I will highlight a historical example here.

H we take a look at mobility back in the 1870s the roads and streets of London were
still full of horse-drawn carriages and pedestrians (figure 1). What environmental
problems stimulated public debate back then? Far too many tons of horse manure on
the roads!

How does the future come about?
The limits of linear thought

In 1873, it was .actually forecasted that if the volume of horse-drawn carriage traffic
continued to rise, England would be covered by a metre of horse manure by 1961.As
a result of this, there were even calls from some quarters to restrict horse~drawn
traffic carriage in the city.

Figure 1

"Given the constant
growth of transport with
horse-drawn carriages,
the territory of England
will be covered by 1
metre of manure by the
year 1961."

(forecast from 1873)

In retrospect, we can easily identify into what mind trap these forecasts fell, like so
many others. These forecasts assumed a linear development of the technical means
of mobility then available. We know today that the challenges of that time were not
resolved or overCome by banning horse-drawn carriages or restricting individual
mobility, but by inventing and introducing new forms of transport in the city - light
rail systems and underground railways as well as two-wheeled and four-wheeled
engine-powered vehicles.

Around 13 years after this forecast, our company was first-to-market with the original
motor carriage by Gottlieb Daimler, which later evolved into the car. Motorized
mobility gave rise to an amazing explosion of options.
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The outpouring of innovation that triggered the Industrial Age between the late 19th
and early 20th centuries in the area of mobility was intense and full of imagination. It
is not by chance that turns of centuries are phases when radical new changes loom
large. Around 1900, there was a series of pictures on French chocolate boxes that
depicted the world in the year 2000 (figure 2). The enthusiasm around mobility at
that time culminated in the vision that we could use all degrees of freedom in the
city. We know today that for physical, economic and safety reasons, the flying car has
not yet appeared. However, inventors will continue to eagerly pursue this utopian
idea and we will see what will be possible in future.

How does the future come about?
Innovations inspire new ideas

Figure 2

Invention of the motor carriage,

3. Thinking "tram the outside in"

About 20 years ago, i.e. 100 years after the age of horse-drawn carriages, our
European societies again saw a surge of forecasts on the growth in contemporary
modes of mobility and fundamental debates on the future of mobility arised again.

• How will transport continue to develop?
• Are there limits to growth?
• What impacts does mobility have on the environment?

At this time too, there was another rash of traffic forecasts that predicted the
imminent end of mobility. One thing that all these forecasts had in common with the
forecasts a century earlier was that they operated on the basis of more or less linear
extrapolation of figures.

This pattern of thought basically corresponds to the perspective that we would adopt
if we sat in a car with a sealed-up windscreen. We would be inclined to assume that
we could see the road ahead by looking through the rear-view mirror (figure 3).
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In the late 1980s and early 1990s, the critical confrontation with this kind of linear
view of the future led us - colleagues in research, development and marketing - to
change the perspective and the questions we asked, The perspective became forward-
looking. Instead of forecasting developments by looking into the rear view mirror, we
turned to foresight with images of the future and scenarios. Instead of the question
"which future will we see with a continuation of the developments of the past?, it was
now about the question "how could the contexts for mobility change?"

The practical consequence of this shift of perspective was a joint project with vehicle
developers, designers and market experts, in which we established a working process
that departed from the usual routines. Before dealing with vehicle concepts or
technologies, we started open-mindedly with the question of how the environment of
urban mobility could look in the first decade of the 21st century.

The entire project followed an unconventional but simple philosophy and a structured
innovation process in 3 steps. The philosophy corresponded to the described change
in outlook: "Thinking from the outside-in": We linked the question about the future of
the car not to the car itself, but to the future change of the living space in the city.

Figure 3

Innovation through
"thinking from the outside in"

Trend Extrapolation = Foresight =
"Looking in the rear view > Thinking from the outside in
mirror with the windshield > Considering changing contexts through

being sealed-Up" alternative views of the future
> Thinking ahead (have ready ideas in stock)

• ~ • ~m,oo_ <IDPast : ,,"-- Future~[:'----'-" ~-- :}~Assessment
of Ideas:

~:\ --- ; Ideas Future-proof
! c pathsof

~-S:~;;;polatIOj . . Innovation
Present Future

,

The innovation process consisted 01 three steps. In the first step, we devised
scenarios, in other words different images of the future relating to urban mobility.
Inspired by the scenarios, innovation ideas were developed in the second step. In the
third and final step, the innovation ideas were assessed in the context of the images
of the future, and 'juture-fit" ideas were identified.

Key questions when devising our images of the luture included:

• How are urban living spaces developing - liVing,working, leisure and culture?
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• What shortages are to be expected in cities in future - in terms of space, access
entitlements or environmental aspects?

• What aspects of quality of life are important for city dwellers in future, in
particular for trendsetters in matters of mobility?

The overall view of the various images of the future gave rise to the inSight that
despite all uncertainty of individual developments in the long term, some driving
factors can be regarded as premises. These premises include (figure 4):

• Increasing shortages in urban habitats (e.g. roads, parking spaces)

• Usage, cost and image advantages for intelligent, resource-efficient solutions

• Individual lifestyles and changes in the world of work are leading to new models
of mobility: the classic model of the commuter who drives to work in the morning
and back home in the evening is being supplemented by journeys between
various workplaces. culture and leisure activities

• Growth of mobile services in the city, triggered by the growing importance of the
service economy. such as delivery services, health and care services

I Figure4-'=======1
,

Innovation through
"thinking from the outside in"

Urban Mobility - Driving Factors:

> Increasing shortages in urban living space
(circulation area, parking places)

> Usage, cost and image advantages for
intelligent, resource - efficient solutions

> More flexible patterns of individual
mobility

: G_hmmobhM-= ,:~ J
The discussion in the third step, which we deliberately put back a long way in the
course of the project; was especially vigorous. This step was focused on the question:
what vehicle concepts, what innovations could fit in particularly well with these
future city environments? But because we started with the future context of mobility
and because we understood that there are interactions between innovations and the
context, we added another level of aspiration: With what concepts could we promote
a paradigm shift to shape a new image of individual mobility in cities?
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In the innovation workshops, there was a growing certainty that a totally new, highly
compact yet safe and spacious vehicle concept could provide a special opportunity to
give individual mobility a new face in the urban context and be first-to-market with
this idea.

Fortunately, the engineers could also draw upon earlier work. The research division
of Mercedes-Benz had already developed an initial two-seater research vehicle in the
1980s. The "thinking ahead" in this project was followed by the corporate decision in
1994 to establish the brand "smart" with the smart fortwo as the core product. Today
we can see the consequences of this step, which added new dimensions to urban
mobility since the smart was launched in 1998. When we stroll through European
cities, we now see that the smart has added new usage patterns and images to the
mosaic of urban mobility.
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4. Co-designingturning points
With the smart, the aspect of efficient use of resources and environmental
acceptability was prominent from the beginning of the project. Even so, we had
extremely frank discussions as to whether and when the ecology debate could give
further impetus to the project. From our market analyses, we knew that ecology was a
low-priority issue in the minds of our customers, particularly if this involved
conSiderably higher costs or sacrifice of safety, comfort and individuality. Thus, one
of the key questions was:

When could there be a tipping point in society to take environmental topics from their
niche status to the centre of society?

This takes us to the present day: there is much evidence that the years 2006/2007
will go down in history as a "tipping pOint", as a "green tipping point" (figure 5).

Three milestones that have to be mentioned here are the Stern Report on the
Economics of Climate Change, which appeals to economic reason, the IPCC report on
climate change, which appeals to the notion that climate change is real and global,
and the film "An inconvenient truth" by Al Gore, which appeals to the emotions
regarding the environmental challenge.

We expect one significant consequence of this "green tipping pointT
! to be a rise in

the number of consumers who want to lead an energy-conscious lifestyle but without
sacrificing indiViduality, mobility, comfort and safety. "Driving with fun and
painlessly green" is the central theme here. The "thinking ahead" that led to the smart
has proved its worth. We are in the middle of a phase of shaping new paths into new
mobility and energy worlds.

If we hadn't already invented the smart, we would have had to invent it today.



Figure 5

Co-Designing turning points
"green tipping point"
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Our little journey into the past has now taken us back to the present. and it is now
time to ask how individual mobility in cities could evolve in future. "Will the future
simply be longer than the past?" (Dan Quisenberry) or do we need to follow Beuys
and ITknow how we1re thinking before we know what weTre doing"?

Is that actually a contrast? Here too, we find a ground breaking perspective from an
artist and art theorist of the 20th century, namely Kandinsky. In 1927, in an
international journal, he wrote an article on contemporary history entitled: "And -
Some Remarks on Synthetic Art" (figure 6). The "and" had a special meaning to
Kandinsky. He contrasted it with the "either-or" that he saw as the model in the
course of the 19th century. He believed that the 20" century would be characterized
in social terms by syntheses. From today's perspective, of course, we must emphasize
that he somewhat overestimated the speed of the transition to postmodernism in
society in the 20th century, emphasizing the idea of "synthesis" the idea of "AND"
which means combining features that were seen as contradictory before. If you look
at the smart you can recognize this principle of "AND", the integration ot features
that were seen as "either - or" alternatives before.
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Co-Designing turning points
the principle of "AND"

Figure 6

Wassily Kandinsky,
1927

"This order of things
departs from the basic
rule of 'either - or' and
slowly reaches a new
-'and'"

And in this concept of synthesis, our current deliberations on the mobility of
tomorrow meet the perception of society of modern artists,

Finally, let's take a short journey into the future, In the year 2022, your personal
digital assistant alerts you and refers you to two agency reports:

United Nations: The Attraction oj Cities continues to hold

In 2008, the world reached an invisible but significant milestone, For the first time in
history, more than half of humankind, namely 3,3 billion people, lived in urban areas,
Today, in 2022, almost 60 per cent of the world's population live in cities, with the
figure rising to four out of five inhabitants in the industrialized nations (figure 7),

At the UN conferences back in 2010, attention was mainly focused on the mega-
cities, As the smaller cities have accounted for most of the growth since then, a new
initiative of city partnerships called "Alliance for Sustainable Meso-Cities" was set up
in 2015,
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» The attraction
of cities continues
to hold

> In the year 2008 for the first time in
history more than half of humanity
lived in cities

> Today, in the year 2022,
nearly 5 billion people
reside in the cities

> In the industrial nations
four out of five inhabitants
live in cities
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Using voice input, you give your intelligent digital assistant the command: "look for
other related reports!", After a few seconds, your assistant alerts you:

Great Demand jor Urban Hybrid and Electro smart in Mega, and Mesocities

At an international conference on urban policy and mobility in 2022, the Chairman
of the "International Alliance for Sustainable Cities" explained that the member
states of the alliance had decided to pursue urban development concepts based on
European models, In his closing speech, the Chairman stated: " At the beginning of
this century, European cities like London, Paris and Berlin achieved significant
results in maintaining the high quality of life of the European cities as well as
diversity of individual mobility through innovative technical and organizational
solutions. At the same time, considerable increases in efficiency were at.tained. Urban
vehicles like the smart were key element in these_solutions invented in Europe, which
shaped a new image of individual mobility in cities" (figure 8),
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Figure 8

Journey in time to the year 2022
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These futures are closer than it may appear!

6. Conclusion: Lessons to be learned from this case

This case note briefly portrayed the history of a foresight-driven innovation in the auto
industry from cradle to adulthood. The story of the innovative car concept "Smart"
shows that for market success it is not sufficient to have a creative, innovative idea
that is embraced by certain target groups in the market. It shows that innovations,
that by necessity require high investments are risky, even if the innovation basically
fits into the emerging future business environment. The case also shows that changes
in the business environment, in this case the further rise of environment and
efficiency issues, can profoundly reframe innovations that companies were close to
abandon.

137

In fundamental terms the case shows that foresight-based innovation projects are not
just an intellectual exercise but that they can initiate, accompany and reframe large-
scale innovation and thus playa decisive role in shaping new realities.



Priority Setting for Future Critical and Key Industrial Technologies
as Driving Forces for Economic Development and Competitiveness

Professor Ron Johnston

Abstract

While the professional foresight literature has moved on to 'third generation'
foresight which regards technology as just one of the drivers, there remains a strong
interest in being able to map the emergence and future directions of technology,
notably through technology roadmapping. Major exercises to identify future key
technologies continue as industry and government face the challenge of making their
investments and plans for an uncertain and rapidly changing future. Key issues
which emerge in all these exercises are the criteria to identify key technologies, the
level of aggregation of the technologies and achieving policy relevance.

A number of case studies are provided to illustrate the direct way in which foreSight
studies can shape planning and decision-making, particularly when they are
characterized by a clear and shared focus, engagement of relevant stakeholders,'
embedding of the foresight in the existing planning and decision-making structures,
and explicit outcomes .

. The paper concludes by pointing to the special role of foresight in innovation
systems, and that that rather than attempting to abolish uncertainty, foresight
provides a potentially robust social process for acknowledging and addressing that
uncertainty. For companies, as for governments, advantage arises not from knowing
the future with certainty, but having developed robust and adaptive processes and
systems that allow some sense to be made of how the future might unfold, that
provide the capacity to monitor and identify at an early stage new contingencies, and
that have a deep organizational capacity to respond to and take advantage of these
changes.
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1. Foresight and Future KeyTechnologies
The development of foresight over the past decade has been characterized by a
number of authors as moving through successive phases or generations. For
example, Cuhls (2003) has provided a detailed account of the achievements and
failures of technology forecasting over four decades.

Georghiou (2001) proposed that the evolution of foresight could be characterized in
terms of three successive generations. He identified first generation foresight as
being concerned with forecasting of technological developments carried out by
technical experts. Second generation foresight involved industry and the market as
the main actors. Third generation foresight added to the elements of the second
generation a social dimension and a user-oriented (ie customer) perspective. A fourth
generation was also proposed in which foreSight moved away from a national
approach to a more distributed role in the science and innovation system.

Johnston (2002) proposed five stages in the chronology of foresight, with technology
forecasting and futurism leading to technology foresight, from which emerged
foresight, with its wider understanding of the economic and social processes that
shape technology. He notes the strong progression within foresight studies towards
being embedded within and directed towards planning and decision-making
processes at a level appropriate (frequently local or sectoral) to the responSible
organization

The focus of professional foresight practitioners, and foreSight studies, not to
mention academic publications, has moved strongly towards the more recent of these
generations. However, as with generat.ions of species, this does not mean that the
more recent (ie younger) generations have completely displaced the earlier or older
traditions. They continue to co~exist.

Indeed, the first generation model of foresight, with its emphasis on technology
forecasting, has continued, and even strengthened, in the process forming in part a
largely distinct community of interest in understanding and predicting future
technology developments. This is seen most strongly in the emergence of technology
roadmapping as a separate sub-speCies of foresight.

Technology roadmapping (TRM) has been defined as a needs-driven technology
planning process to help identify, select and develop technology alternatives to
satisfy identified needs." (DISR 2001) The essentials of the process are:

• It is a normative foreSight tool, requiring agreement be reached about the future
that should be achieved;

• It is industry and! or market-driven;

• It commonly has a time horizon of 5-15 years; and

• It requires the assembly of a team of technical and industry experts to develop it.

TRM can be applied at the company or industry level to help plan and coordinate
technology developments. It provides:
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• A means to develop a consensus about a set of needs and the technologies
required to satisfy those needs;

• A mechanism to help experts forecast technology developments in targeted areas,

As a result of technology roadmapping, a company or industry can make better
investment decisions because it has a better information base from which to:

• Identify critical product needs that will drive technology selection and
development decisions;

• Determine the technology alternatives that can satisfy critical product needs;

• Select appropriate technology alternatives; and

• Generate and implement a plan to develop and deploy appropriate technology
alternatives. (Garcia and Bray, 1997)

An example of the perceived value of first generation technology roadmapping is
provided by the Canadian Government's investment in TRM. Over the past decade,
more than twenty technology road maps have been developed, covering
industries/technologies as diverse as welding, fuel cells. aluminium casting and
languages. (Industry Canada. 2006)

How can this persistence in using first generation foreSight methods be explained, in
the face of the many analyses which demonstrate the difficulty, if not impossibility of
predicting accurately the future development of technology?

As Wagner and Popper (2003) state in their excellent review of the 'critical
technology' movement in the US, and its apparent lack of impact:

"When discussing the future course of technology, whether from the perspective of
public or private concerns, we are touching upon matters of profound uncertainty.
Our lack of understanding of future technology courses is not owing to a failure of
due diligence; it is inherent in the processes we are seeking to harness. This deep
uncertainty is the bane of our usual practices in strategizing and planning. What is
ideally required in such circumstances is to employ methodologies that will allow us
to frame plans that are both adaptive in their design and robust against a range of
alternatives."
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However, in Simple terms, it would appear that the benefits which emerge for
companies from engaging in a process which reduces the uncertainty about the basis
of future competitive advantage are sufficiently large to outweigh philosophical
limitations of the approach. For national governments, it provides some basis, no
matter how limited. for establishing priorities for their large investment in research
and development (R&D), As Keenan (2003) has noted: "A main reason for the
popularity of national technology foreSight exercises over the last decade has been
their promise of allowing emerging generic technology areas to be identified and
prioritized for resource-allocation purposes."



2. Some Recent Examples of Future Key Technology Identification

One relatively recent example is provided by the work of the United States' (US)
National Intelligence Council (2005) in its report Mapping the Global Future. The
National Intelligence Council (NIC) is a centre of strategic thinking and over-the-
horizon analysis for the US Government. This is the third unclassified report
prepared by the NIC in the past ten years that takes a long-term view of the future.

The project extended over one year, and the processes used included extensive
consultation with experts around the world, a series of regional conferences to
develop and test ideas, and an interactive Website which contained several tools
including a 'hands-on' computer simulation that allowed novice and expert alike to
develop their own scenarios.

The sixteen top-ranked technology applications to 2020 were:

1. Cheap solar energy: Solar energy systems inexpensive enough to be widely
available to developing and undeveloped countries as well as to economically
disadvantaged populations that are not on existing power grids;

2. Rural wireless communications: Widely available telephone and Internet
connectivity without a wired network infrastructure;

3. Communication devices for ubiquitous information access: Communication and
storage devices - both wired and wireless - that provide agile access to

information sources anywhere, anytime. Operating seamlessly across
communication and data storage protocols, these devices will have growing
capabilities to store not only text but also meta-text with layered contextual
information, images, voice, music, video, and movies;

4. Genetically modified crops: Genetically engineered foods with improved
nutritional value ~ e.g., through added vitamins and micronutrients, increased
production - e.g., by tailoring crops to local conditions, and reduced pesticide
use ~e.g .. by increasing resistance to pests;

5. Rapid bioassays:' Simple, multiple tests that can be performed quickly and
simultaneously to verify the presence or absence of specific biological
substances.

6. Filters and catalysts: Techniques and devices to effectively and reliably filter,
purify, and decontaminate water locally using unskilled labour;

7. Targeted drug delivery: Drug therapies that preferentially attack specific
tumours or pathogens without harming healthy tissues and cells;

8. Cheap autonomous hOUSing: Self-snfficient and affordable housing that
provides shelter adaptable to local conditions as well as energy for heating,
cooling, and cooking;

9. Green manufacturing: Redesigned manufacturing processes that either
eliminate or greatly reduce waste streams and the need to use toxic materials;
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10. Ubiquitous radio frequency identification (RFID) tagging of commercial
products and individuals: Widespread use of RFID tags to track retail products
from manulacture through sale and beyond, as well as track individuals and
their movements;

11. Hybrid vehicles: Automobiles available to the mass market with power systems
that combine internal combustion and other power sources;

12. Pervasive sensors: Presence of sensors in most public areas and networks 01
sensor data to accomplish widespread real-time surveillance;

13. Tissue engineering: The design and engineering of living tissue for implantation
and replacement;

14. Improved diagnostic and surgical methods: Technologies that improve the
precision of diagnoses and greatly increase the accuracy and efficacy of surgical
procedures while reducing invasiveness and recovery time;

15. Wearable computers: Computational devices embedded in clothing or other
wearable items such as handbags, purses, or jewellery;

16. Quantum cryptography: Quantum mechanical methods that encode information
for secure transfer. (Silberglitt et ai, 2006)
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Almost all of these technologies are currently available in some form, or are quite
visibly in development. This does not detract from the value, or 'accuracy' of such a
list. Rather, it reflects the development time of major technologies, and the extent to
which their realization requires the substantial transformation of production,
consumption, financial and regulatory regimes. They can quite rightly be
characterized as driving forces for economic development and competitiveness.

Another national technology forecast exercise which has been conducted on a four-
five year cycle for many years is the Japanese Science and Tecbnology Foresigbt Survey,
conducted by NISTEP (2006).

The core of the NISTEP technology forecasting is a major Delphi exercise. In the
most recent Eighth Report 130 areas and 858 topics were selected through repeated
discussions among more than 170 experts in the subcommittees on the 13 fields. The
fields are a mix of broad technology sectors and areas of application:

• Information/communication
• Electronics
• Life science
• Health/medical care/welfare
• Agriculture/ forestry / fisheries/ foods
• Frontier technologies
o Energy/resources
• Environment
• Nanotechnology/materials
• Manufacturing
• Industrial infrastructure



• Social infrastructure
• Social technologies.

A questionnaire with the participation of 2,300 Japanese researchers, engineers, and
other experts surveyed scientific and technological, economic, and social impacts in
each area, as well as the importance to, and level of research and development in
Japan. For each topic, the forecast times of technological realization and social
application were polled, as well as the need for government support and policies.

The technology advances that were identified as most important to Japan were
strongly related to the Japanese vulnerability to natural disaster, through earthquake,
volcanic eruption and storm. Seven of the top ten topics were of this kind (eg the
most important technology identified was "a risk management system that utilizes
disaster observation satellites, communications satellites, GPS, unmanned aircraft,
and so on to· observe disasters, understand situations after disasters occur, and
respond swiftly (send the necessary information where it is needed)." Of the other
three, two were concerned with the management of greenhouse gases and the third
with the demolition of nuclear power stations.

The top ten technology areas in terms of increase in impact, assessed against the
three criteria of increased intellectual assets, economic impacts, and social impacts,
were:

A. Increased intellectual assets

1 New principles for information and telecommunications
2 Environmental and ecological biology
3 Optimization of industrial infrastructure through regional dispersion and

concentration
4 Ultra--transparentcommunications and human interfaces
5 Software technology for large-scale networks
6 Ubiquitous networking
7 Nanobiology [Life Science field]
8 Brain generation and growth
9 Nanoscience for a safe and secure society
10 Nanomaterials modelling simulation

B. Economic impacts

1 New principles for information and telecommunications
2 Environmental and ecological biology
3 Ultra~transparent communications; human interface
4 Ubiquitous networking
5 Nanoscience for a safe and secure society
6 Integrated systems
7 Molecular and organic electronics
8 Nanobiology [Life Science field]
9 Information biology
10 Brain generation and growth
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C. Social impacts Current Medium-term

1 Nanoscience for a safe and secure society
2 Ultra-transparent communicat~ons; human interface
3 Environmental and ecological biology
4 Integrated systems
5 Ubiquitous networking
6 New principles for information and telecommunications
7 Nanobiology [Nanotechnology/materials field]
8 Brain generation and growth
9 Bioelectronics
10 Molecular and organic electronics

As for the preViously described study, these highlighted areas of technology
development are likely to act as driving forces for economic development and
competitiveness over the next twenty years. Evaluations of previous reports, in
hindsight, have found that about Vi of predictions were fully realized within the
expected time, Vi were partially realized, and Y, were not realized at alL

It should be recognized that the NISTEP Delphi exercise is only one component of
their continual effort to identify key technologies, Some of their other projects have
examined, for example, identification of 'hot' research areas by bibliometric analysis,
benchmarking technology development and supporting policies in different
countries, and documenting levels of technology imports and exports.
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A third notable project, with a somewhat different approach was that of the German
'Futur' project. (Giesecke, 2006) This project, known also as the German Research
Dialogue, is designed to assess the future needs and demands for science and
technology and to consider their broader implications for the socio-economic and
cultural development of the country. The intention is to include a large number and
broad variety of participants in the exercise representing not only science and
technology but also the various stakeholders of German society. In all about
1250 experts have been involved,

The main objective of Futur is to identify new priorities for future R&D funding
activities that would respond to relevant societal needs and demands, bring together
different fields in an interdiSCiplinary approach, support the competitiveness of the
German economy and be innovative,

Four 'lead visions' have been formulated which link socio-economic and
technological trends. These are:



Socio-Economic Challenges

1. 'Creating Open Access to Tomorrow's World of Learning' envisages a society where
each member is guaranteed access to his/her individual worlds of learning, adaptable
to personal needs, comprising institutional as well as human resources.

2. 'Healthy and Vital throughout Life by Prevention' reflects the aging sociery in
Germany, The goal is to stay healthy by preventative rather than repair approaches to
health by means of health-conscious behaviour by each individual.

3. 'Quality of Life through Healthy Nutrition' addresses the question how a
balanced diet can improve human health. lt raises issues such as sustainable supply
chain of nutrition. transfer from nut.rition science into every-day practice, and the
role of the food sector in the innovation system.

4. 'Water as resource - visions for a guaranteed supply and access for all in the
21st Century' - dealing with new technologies for the processing, distribution, use,
regeneration and substitution of water coupled with new concepts of water
management.

Technological Trends

1. 'Understanding thought processes' - exploration of how rhe brain manages
information processing, cognition and creativity. One anticipated area of application
is the development of medical neuro-prostheses that could give physically challenged
people a new perspective.

2. 'Living in a Networked World: Individual and Secure' - aiming to create a more
personal access to the ongoing and accelerating networking of information
technologies. Networks and technologies should be individualized, but the social
context of the individual has to be taken into consideration to prevent social
isolation.

3. 'Bionics: Ideas from Nature for intelligent housing' is based on the assumption that
by analysing and copying construction principles as they are applied by nature
housing can be adjusted and designed according to the changing demands and needs
of inhabitants,

4. 'Biological engineering' is a possible future lead vision aiming to use biological
systems, biological engineering and engineering sciences. The expectation is that
this combination would open up new possibilities for the systemic technical use of
biological systems,

There are two other aspects to briefly mention, Firstly, there is a great deal of
technology analysis and forecasting devoted to particular prospective technologies,
but of a form that is less precise than usually associated with a roadmap. As an
example, the author has identified more than twenty independent projects examining
the prospects for nanotechnology being conducted in 2006-7,

Secondly, it is not only national governments that have an interest in technology
forecasting, Consulting firms have recognized this as a knowledge-based service with
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great market potential. To cite just one example, Batelle (2006) has identified the 'top
ten 'technologies in a number of fields, including in strategic technologies to 2020,
These are:

• Genetic-based Medical and Health Care
• High-power energy packages
• Green Integrated Technology
• Omnipresent Computing
• Nanomachines
• Personalized Public Transportation
• Designer Foods and Crops
• Intelligent Goods and Appliances
• Worldwide Inexpensive and Safe Water
• Super Senses,

A different approach has been adopted by the Microsoft Research Institute in their
report 'Towards 2020 Science' (2006). This study sought to identify the requirements
necessary to accelerate scientific advances - particularly those driven by
computational sciences and the 'new kinds' of science the synthesis of computing
and the sciences is creating. Already this synthesis has led to new fields and
advances spanning genomics and proteomics, earth sciences and climatology,
nanomaterials, chemistry and physics.

The authors noted: "this report is not about attempting to predict or 'forecast' it.
Instead, our starting point was simply to consider what we believe are some of the
greatest challenges and opportunities for the world in the 21st century that urgently
require advances in science to address. From there, we considered how computing
and computer science needs to, and can, playa vital role in realizing such advances,
starting from how even current applications of computing and computer sc.ience are
already having an important impact on science and consequently on society. Finally,
we considered what needs to happen in computing and computer science - as well as
in science policy and in education - to accelerate advances in the sciences that can
then help address key global challenges towards 2020."
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3. General Approaches to Future KeyTechnologyIdentification
While these examples show there are a variety of approaches to the identification of
key technologies, a number of generalizations can be drawn, in particular about the
criteria of importance, the level of aggregation, and the policy relevance.

With regard to the criteria that are used to identify key technologies, there is
considerable variation. Remarkably, the process for the US critical technology
exercises were determined by legislation: the Defense Authorization Act which was
an amendment to the National Science and Technology Policy, Organization, and
Priorities Act 1976. The legislation mandated the preparation and submission to the
President and the Congress of a biennial report on the nation's critical technologies



through the year 2000, and that a panel of 13 experts, seven from government and six
from indusuy or academia.

Wagner and Popper (2003) note: "Unlike the practices in other countries undertaking
a review of nationally important technologies, the critical technologies panels and
the staff supporting them did not use formal forecasting or survey methods to arrive
at the list of technologies... The first two panels took their charge as one of
determining among themselves, based on their expertise, the list of critical
technologies. The third report drew from a larger group of experts, but, similarly, did
not use any specific method to determine what should be on the list. The fourth
report used a face-to-iace interview method based on 14 questions to elicit from
experts both nominations for important technologies as well as broader views on
where within the system these technologies should be developed and how
government creates the infrastructure for innovation."

The criteria applied in producing four reports on critical technologies in the period
1989-99 were a mix of significance for the trade balance and for defence security,
together with the potential of emerging technologies to develop into commercial
products. The first report identified six broad categories of critical technologies:
materials, manufacturing, information and communications, biotechnology and life
sciences, aeronautics and surface transportation, and energy and environment. The
second report expanded on the list by exploring national capabilities in nine
Teconomically important technology~intensive industrial sectors', The third report
contains a large list of over 100 technologies broken down into more specific sub-
categories. The fourth report lists eight technology fields that are critical because
they either have "cross sector ubiquity" or they appear at the interstices of various
important sectors.

In summary, the criteria used in the US to identify critical technologies are largely
regarded as self-evident, easily recognizable by appropriate experts. The more recent
US National Intelligence Council report on Mapping the Global Future, described
above, appears to follow the same approach, though introducing a more global focus,
and using the powers of the Internet to engage more people in consultation.

Similarly, there does not appear to be explicit criteria used in the Japanese Delphi
studies. The process of formulation of the many topics is based on expert opinion
and detailed review, but ultimately appears to be the product of collective informed
judgement.

In contrast, in the UK, Keenan (2003) notes the considerable attention to formalizing
criteria to identify key technologies. Thus, "the term 'generic' could have at least three
distinct meanings: (1) a class of closely related technologies; (2) a technology the
development of which will have implications across a range of other technologies; or
(3) a technology the exploitation of which will yield benefits for a wide range of
sectors of the economy and/ or society.

According to Martin (1993), 'Of the three possible definitions put forward above, one
could argue that definition (1) represents the strict or traditional definition of
"generic", [However], as far as the UK Government is concerned, what is of most
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interest is category (3). One reason for assuming this is that these will tend to be
more disaggregated or specific than category (1) technologies and therefore more
useful for policy purposes. In addition, it is precisely for technologies likely to yield
benefits across a range of sectors that the "market failure\! rationale can be used to
justify some government support in the early stages of their development.'

On the use of the term 'emerging', the folloWing definition from the US Department
of Commerce was quoted in Martin (1993): 'An emerging technology is one in which
the research has progressed far enough to indicate a high probability of technical
success for new products and applications that might have substantial markets within
approximately 10 years.'

Reflecting these arguments, six criteria were applied in the first UK .foresight study -
economic or social demands/opportunities, the ability of the UK to exploit those
opportunities ahead of other countries, scientific opportunities, scientific strengths
and weaknesses of the UK that will affect its ability to take advantage of the scientific
opportunities compared with other countries, cost and timeliness.

This approach clearly has the value of the criteria for selection being explicit.
However, as Keenan (2003) shows, the translation of these criteria into practical
judgements still raised many problems.

Hence, it must be concluded that attempts to identify critical technologies at
anything more than the most generic level reflecting an agreed likelihood to have
great promise and potential for exploitation ( as in the current worldwide focus on
nanotechnology) have had limited success. The Widespread hunt in the market place
to identify the "killer application" of a technology reflects the difficulty in doing just
this, and the intensive interaction in the marketplace necessary for such a technology
application to emerge.

Another issue is the level of aggregation which is to be applied. Statements that
nanotechnology, or renewable energy technologies are likely to have a significant
impact on addressing future issues and will lay the foundation of new industries
provides only the most limited intelligence, and no direction at all ascot what to do
about it.

Again, Keenan (2003) notes: "Attempts at identifying critical technology lists in other
countries have highlighted the problem of defining discrete technology areas to
prioritize, i.e. what should be the degree of disaggregation or 'granularity' of
technology to be considered? This is a question of compromise, requiring
consideration of two opposing tendencies: (1) a desire to generate a list of
technologies detailed enough to yield specific policy implications; and (2) a need to
avoid generating an inordinately long and complex list that would require excessive
amounts of effort to appraise.

I believe it can be concluded that identification of critical technologies at the generic
level serves the useful, but limited role of a signpost, raising awareness of the
potential associated with an emerging area of science or technology. At the more
detailed level, specific applications emerge as a result of the effort and insights of
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individuals and companies. In between these two. there is a place lor technology
roadmapping where companies can cooperate to identify a variety of technology

. trails to the achievement of identified capabilities.

A third issue is policy relevance. Keenan's (2003) detailed analysis of the UK
Foresight exercise noted that "Foresight has undergone a shift in emphasis, away
from identifying and ranking priorities towards an exercise focused upon the
development of networks between disparate communities." The generic priorities
identified by the Steering Group were not readily translatable into policy action.
Rather, "the more focused priorities of the sector panels were better suited to
perceptible follow-up action, including network-building." Indeed, it was the business
managers on these panels that formed a ready-made implementation vehicle
whenever they identified potential advantage for their companies.

4. Assessingthe Impact of Foresight on Decision-Making
Georghiou and Keenan (2006) have noted the difficulty of assessing the impact of
foresight exercises, among other reasons because of the different rationales for
different projects, and for different actors in the same project. Thus, "some common
stated goals for foresight are:

• Exploring future opportunities so as to set priorities for investment in science and
innovation activities ...

• Reorienting the Science and Innovation System ...
• Demonstrating the vitality of the Science and Innovation System
• Bringing new actors into the strategic debate ...
• Building new networks and linkages across jields, sectors and markets or around

problems."

In order to assess the impact of a particular foresight exercise it is crucial to identify
what is the goal, or combination of goals, that is being pursued through the
application of foresight.

This difficulty is particularly apparent when addressing national foresight projects. A
special issue of the Journal of Forecasting published in 2003 contains a number of
papers which attempt to assess the impact of various national foresight studies.

Thus, Keenan (2003), in his detailed analysis of reasons for the limited impact of the
UK foresight exercise, reached the conclusion. Among others, that: "There is an
inherent tension here between (a) a desire to identify topic areas sufficiently focused
as to yield specific policy implications and (b) a need to avoid generating an
inordinately long list of topic areas requiring excessive amounts of effort to appraise.
This tension is particularly acute at the national level, simply because of the breadth
and possible number of potential topic areas. From our account of the UK
Technology Foresight Programme, it is apparent that this tension was never
satisfactorily resolved. This resulted in the SG being criticized for identifying generic
topic areas that were too broad to yield specific policy implications."
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Durand (2003), in his report of the French 'key technology 2005' foresight exercise,
noted the aim was: "to (a) identify technologies potentially important for the future of
Europe, (b) evaluate how critical these may be, and (c) for each of the most critical
technologies, position the relative strengths of France and Europe versus world
competition." While 120 key technologies were selected, they were "not stand-alone
items. They combine and recombine in unexpected ways. Key Technologies were
thus qualified as 'meeting points' or 'roundabouts', connecting items from many
different origins."

As I have noted previously (Johnston, 2002): "it must be acknowledged that for a
great many foresight projects, particularly those at the foundational stage with an
emphasis on learning, creating a stronger future orientation, and building
networking, it is extremely difficult to identify any direct policy impact.

In some cases this may be because the studies have little intrinsic value to the policy
process. In others, the key policymakers have not been involved - a problem of
communication. In still others, the nature of the product and the process can be best
considered as infrastructure in support of policy, rather than a direct contributor, in
the same way that the collection of reliable statistics may contribute to improved
decision-making.

Hence, it is apparent that in order to assess the contribution of foresight to policy
and planning,. we need more than a simple empirical measurement. Indeed, the
notion that a simple empirical assessment can be conducted has proven illusory. The
systems are too complex, the number of intervening variables too many. Rather, we
need to establish a framework that will assist in understanding the structures and
dynamics of each of the arenas - foresight and policy and planning, and their inter-
relationship."

The conclusion that can be drawn from these and other findings is that it is likely to
be far easier to identify and demonstrate the impact of a foresight study if it has quite
specific and limited objectives. As a consequence national foresight studies probably
represent 'the most difficult case' in terms of clear demonstration of impact. For
these reasons, the case studies reported in the next Section are all modest in scale,
focus on a particular sector, and had precise objectives. They also are foresight
projects the author was closely involved in, and hence is in a position to apply
insider knowledge.



5. CaseStudies of the Impact of Foresight on Decision-Making
5.1. Advanced Medical Devices

There is a substantial medical devices industry in Australia. In 2002-03. it comprised
almost 2000 establishments, generated revenues of $832 million. imported goods
worth $1.9 billion and employed more than 5.500 people. It is characterized by high
levels of expenditure on research and development. a highly specialized and skilled
workforce, predominantly small to medium-sized enterprises. a significant degree of
fragmentation. or limited coherence. and a small number of globally recognized
products/ companies.

In order to strengthen this industry, the Minister for Industry. Tourism and
Resources called on the industry in 2004 to develop a coherent 'Action Agenda'
which would provide the medical devices industry sector with an opportunity to
position itself for future growth and sustainability (DITK 2005).

Action Agendas are a central element of the Government's industry strategy. Their
primary purpose is to foster industry leadership in developing strategies for growth.
agreeing on priorities and making commitments to change. The focus in Action
Agendas is on the actions industry itself can take to achieve its objectives. Whole of
government access is provided in addressing major issues including: innovation,
investment., market access and development, regional development, education and
training, environmentally sustainable development, workplace relations and
regulatory reform.

Scenario planning was used to address the agreed objectives of:

• considering the major forces likely to shape the future of the Australian medical
devices industry over the next twenty years (to 2025);

• identifying major threats and opportunities;

• developing viable scenarios of the future of the Australian medical devices
industry; and

• developing strategies addressing these possible futures to guide decision-making
and provide a sound basis for the Action Agenda.

The outcomes of this foresight project include the commitment of all major
companies in the industry sector to a shared vision of the future of the industry
based on developing world-class capability. increasing speed to market; and
expanding market opportunities. The Government has committed funding through a
number of programs to assist the industry to address the major challenges it has
identified for the future growth of the sector.

In summary. foreSight proVided a means of identifying and developing the extent of
shared interests between companies in this sector, the basis for constructing a
consensual vision of the future. the opportunity for an industry cluster to begin to
emerge. particularly through joint development projects. and for the attraction of
government support. Tangible results in terms of increased exports are expected to
be visible in the financial year 2007-08.
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5.2. Future Housing

The origin of this foresight project began with the realization by the representatives
of the Copper Industry in Australia that, with the emergence of new technologies, it
was important to look ahead to the changes that were likely to occur over the next
20 years in one of its largest market sectors - the Building Construction Industry,
which uses up to 60 per cent of the world's total copper output each year. The results
of such a futures study would enable technology suppliers, both within and outside
the copper industry, to focus better on future opportunities and to develop their
products to meet the emerging market.

In 2004, the Copper Development Centre of Australia (2005) signed an agreement
with. the Australian Department of Industry, Tourism and Resources to collaborate on
this industry,led, government,supported undertaking. Its objective was to explore
new and emerging technologies as they will affect the infrastructure and building
construction industries in 20 years' time, with particular reference to home building.

The foresight process used relied on input from a variety of different groups of
experts within a structure defined by four alternative scenarios of the future. The first
stage involved 40 futurists and strategic planners from industry, academia.
government instrumentalities and professional societies in examining the likely
major trends and key characteristics of dwellings during the next 20 years under the
four different scenarios.

The second stage involved industry experts in exploring the future 'last kilometre' of
infrastructure services to and within the property, including electricity, gas, water and
cabling for the delivery of information, communication and entertainment, again
under the four different scenarios. Ten key characteristics of fuiure housing were
identified, including flexibility of form, efficient water and energy management, and
high grade telecommunications capabilities supporting security, health, shopping,
education, work and entertainment, smart services and self'diagnosis and
maintenance.

The third stage required technology experts to examine the enabling technologies
that would address these ten key characteristics. In the final stage the trends and
enabling technologies underlying the ten characteristics were ranked to facilitate
identification of market opportunities and the challenges in achieVing them.

A specific outcome of this foreSight project is the formation of a number of cross'
industry working groups to pursue the opportunities presented. In at least two cases,
the development has reached the stage of intellectual property negotiations prior to
moving on to deSign and manufacture.
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5.3. Future of Irrigated Agriculture

The objectives of the project were to:

• Enable key stakeholders to develop a shared vision for the future of irrigation in
a major catchment area over the next 30 years and to identify major constraints
and opportunities and regional response options;



• Understand the social, economic and environmental consequences of various
scenarios through impact assessment;

• Build a consensus on preferred regional options for future irrigation, and
recommend regional follow-up actions: and

• Develop a methodology that can be applied elsewhere in Australia for sustainable
irrigation planning at a catchment scale,

Key features of the project were:

• The structured combination of hindsight, insight and foresight - the process
prepared for consideration of possible futures by an examination of the past, and
engaged the participants in identifying community aspirations prior to
considering possible futures

• A 'slow' foresight process, with intensive stakeholder engagement over two years

• Deep embedding in existing decision-making structures

• Relying largely on locaL/regional expertise

• A regional economic development focus with local and regional planning
authorities as the major clients

• A developmental approach based on adaptive management

• Avoidance of pre-determined scenario logics to define the key characteristics of
the scenarios to be developed

• Generation of a manageable number of scenarios by a separate process based on
the interaction of a Narrative team and an Analyr,icalteam

• Modelling of the quantitative consequences of each scenario

• A wide range of outputs tailored for different sectors of the stakeholder
community

• Explicit consideration of the implications of the scenarios for regional
stakeholder organizations in their planning

Specific outcomes of this project include:

• The organization responsible for water supply and management is planning for a
major reconfiguration of the irrigation distribution system to dramatically
increase flexibility based on scenario implications;

• The catchment management authority is reshaping its five-year plan for
catchment management to meet the major contingencies that emerged through
the scenario planning process

• Local Councils examining the implications of the scenario conditions for their
land-use planning, and economic and demographic projections

These case studies illustrate the practical implications of appropriate foresight
exercises on planning and decision-making, They are characterized by a clear and
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shared focus, engagement of relevant stakeholders, embedding of the foresight in the
existing planning and decision-making structures, and explicit outcomes,

6. Application of Foresight to Industry
The use of foreSight in industry has been widespread, though typically less reported
than for the public sector (Kuhls and Johnston, 2006), Thus, the UNIDO Technology
Foresight Manual (2005) reports: "In the last two decades several large enterprises in
such diverse sectors as energy, automotive, telecommunications and information
technology have established foreSight groups and strategic planning processes, which
analyse the long-term prospects of new technologies and their impact on markets and
corporate strategies, DaimlerChrysler's Society and Technology Research Group
(STRG) is one of the first future research groups to be established within a company.
Since 1979 it has investigated, in close cooperation with its customers, the factors
shaping tomorrow's markets, technologies and products,"

A survey of 18 major European firms with substantial R&D budgets in highly
competitive sectors (Becker, 2002) revealed that all were engaged in foresight, with a
focus on technology trends, or market trends, or both, There were two principal
reasons given: either they are a consequence of a companies' business operation
which inherently demand such a long-term orientation (as in industries with long
product cycles), or they are undertaken as a proactive step to better cope with
uncertainties in the business environment in general.

Five major objectives of corporate FTA have been identified (Becker, 2002, p, 9):

• Anticipatory intelligence, i,e, providing background information and an early
warning of recent developments

• Direction setting, i.e, establishing broad gUidelines for the corporate strategy

• Priority setting: i.e, identifying the most desirable lines of R&D as a direct input
into specific (funding) decisions

• Strategy formulation, i.e, participating in the formulation and implementation of
strategic decisions and

• innovation catalysing, i,e. stimulating and supporting innovation processes
between the different partners

In a review of their foresight activities, Daimler-Chrysler concluded:

• Foresight and future-oriented projects (beyond conventional strategic planning)
have developed from a "nice to have" status to a "we commit to";
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• Small and medium-sized companies might benefit strongly from foreSight
programs, trainings, initiatives etc, supported by national, regional and trans-
regional programs;

• Education, training and consulting is necessary to enable newcomers to conduct
foresight-related projects;



• Instead of setting up intricate evaluation and controlling schemes for foresight
projects "client satisfaction" and "demand for more" should be lead principles in
evaluation. (Ruff. 2007)

There remain many opportunities for the more extended application of FTA in the
business sector. In the traditional area of strategic planning, FTA approaches have
much to offer in the development of visions and goals, in the analysis of the
environment external to the organization and the opportunities and threats it may
pose in the future, and in the development of strategic intelligence. In risk
management, there are enormous opportunities for the better identification of
potential future risks, and of the stakeholders who may be affected.

7. Conclusions

The growing application of foresight in the public and private sectors has been
demonstrated, and evidence of speCific contributions to strategizing, planning and
decision-making identified. But while technology is a key driver of future competitive
advantage, it is not the only one. More importantly, the ways in which technology
generate new capabilities are profoundly shaped by the socio-economic context and
the capacities of innovation systems - the supportive environment within which
technologies are shaped, identified and refined.

In an earlier paper, the role of foreSight in "wiring up the innovation system" was
emphasized (Martin and Johnston, 1999). Our understanding of innovation has
moved profoundly away from linear models where the emerging technology
determines its future application and impact. Developing this idea, Georghiou and
Keenan (2006) emphasize that the rationale of foresight needs to be understood in
terms of addressing system failure. Thus:

"This move away from the linear model of innovation in itself reinforces the
current understanding that foresight needs to be an activity closely engaged
with wider socioeconomic trends. Typical questions addressed of foresight as an
instrument of innovation policy under this rationale would be:

• Whether the support helps to overcome a lock-in failure by introducing a firm to
a new or extended technology or market area? In this case the firm, without the
benefit of public intervention through foreSight, receives signals only from its
own market and existing technological networks and misses the major threats
and opportunities coming from beyond these horizons;

• Whether the support is building new networks or coordinating systemic
innovations such as those requiring establishment of standards, either between
firms or between firms and the science base? Again historical factors may have
created certain configurations and relationships which could be deficient in
supporting the emergence of a new idea or area. ForeSight can be used to build
the new social structures, especially in the context of the more distributed and
open innovation systems referred to in the definition above,"
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A second element that needs to be understood is that foresight does not attempt to
abolish uncertainty. Rather, it provides a potentially robust social process for
acknowledging and addressing uncertainty:

"When discussing the future course of technology, whether from the perspective
of public or private concerns, we are touching upon matters of profound
uncertainty. Our lack of understanding of future technology courses is not
owing to a failure of due diligence; it is inherent in the processes we are seeking
to harness. This deep uncertainty is the bane of OUf usual practices in
strategizing and planning, What is ideally required in such circumstances is to
employ methodologies that will allow us to frame plans that are both adaptive in
their design and robust against a range of alternatives ... once we make explicit
acknowledgement of the presence of uncertainty, it becomes clear that the issue
is not how to reduce that uncertainty but how to conduct ourselves in its
presence. Clearly, foresight then may be seen for what it is-or ought to be in
practice. Not an attempt to predict, forecast, or otherwise put a name on the
future and therefore reduce the anxiety we experience in 'its presence, but as a
means for reasoning about robust, adaptive strategies." (Wagner and Popper,
2003)
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There is no question that emerging technologies are driving forces for economic
development and competitiveness. There is equally no question that the form and
path of development these technologies will take is a result of multiple interactions
between the many players, instituti.ons, regulations and practices that form part of
the dense and complex innovation system.

For companies, as for governments, advantage arises not from knowing the future
with certainty, but haVing developed robust and adaptive processes and systems that
allow some sense to be made of how the future might unfold, that provide the
capacity to monitor and identify at an early stage new contingencies, and that have a
deep organizational capacity to respond to and take advantage of these changes.
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Programme III (2009 - 2014). Methodology used for this exercise combines analytical
desk research, work of multidisciplinary panel of experts, exploratory and normative
scenario building and it considers also a prioritization procedure based on
multicriterial assessment of technologies suggested by experts. Results of this
foresight initiative will help to identify priority thematic areas for financing research
in new research capacities built in the Czech Republic within the time period 2007 -
2013 using investment resources based mainly on the EU Structural Funds.
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1. Introduction
About 25 per cent of public expenditure on research and development in the Czech
Republic are allocated through the National Research Programme (NRP), The main
objective of the NRP is to support key research directions (research in key
technology areas) having a strong potential to contribute to a favourable economic
development and to the satisfaction of societal needs, The first National Research
Programme (NRP I) was launched in January 2004, It was based on a national
foresight exercise [1] conducted in 2001-2002, Due to (temporary) restrictions of
public spending on R&D in the Czech Republic in 2004 an additional work was
performed to focus NRP more on practical research results - wide consultations with
application sector were carried out. The updated NRP has been formally renamed to
National Research Programme II.

With a renewed rise of public spending on R&D and with opening of a part of
Structural Funds EU (2007-2013) for investments in research and innovation
infrastructure, the Czech Government formulated a request to prepare a new
National Research Programme 1II (NPR 1II), The NRP 1II will be launched for the
time period 2009-2014, i,e, application horizon for research results is to be
considered in the time frame 2015-2020, The NRP 1II is also to be a financial source
for funding research to be carried out in research capacities bUilt under the co-
financing from the EU Structural Funds in the programming period 2007-2013,

The Ministry of Education of the Czech Republic (responsible for R&D in the Czech
Republic) entrusted the Technology Centre AS CR with coordinating a foreSight-
based project leading to identification and formulation of key (priority) research
themes (technologies) for .the NRP Ill. Thematic part of the project (completed in
June 2007) is to be followed by work at the Ministry of Education focused on
preparing a system for organization, management and supervision of the NRP Ill.
The proposal of the NRP 1IIwill be submitted to the Czech Government for approval
in March 2008,

161

2. Methodology
The Foresight methodology used in this work can be characterized as a problem-
oriented multi-disciplinary approach consisting of several methodical steps:

• Analytical desk research;

• Work of multidisciplinary panel of experts - about 70 people from a wide
spectrum of scientific disciplines (ranging from socio-economic fields to
technical areas);

• Exploratory and normative scenario building;

• Prioritization procedure based on multicriterial assessment of themes suggested
by expe rts;"

28 Prioritization procedure is considered for reduction of the set of initial research themes



• Combination of a back-cast look (analyses) and forward looking (scenarios
generated by experts);

• Formulation of thematic priorities of the NRP III.

With regard to the objective of the project the thematic sectors corresponding to the
NRP III priorities should take the following main aspects into account:

• Above-average and excellent fields of both theoretical and applied research;

• Fields dominant in international cooperation in research;

• Fields having demand for research infrastructure development (EU Structural
Funds);

• Distribution of R&D funding and its dynamics;

• Development of economic structure of the Czech Republic since 1990.

2.1. Analytical desk research

Analytical stage preceded work of the expert group. The main purpose consisted in
creating a background map, specifying the needed expertise and R&D segments
corresponding to the priorities for the NRP III:

• R&D analysis:

o R&D output - scientific publications, patents;
o allocation of R&D funds;
o innovation potential of Czech regions:
o topics of projects proposed as preliminary intentions for drawing financing

from the EU Structural Funds through the Operational Programme R&D for
Innovation (2007-2013);

o international cooperation of the Czech Republic in R&D, especially in the
EU Framework Programmes;

o analysis of the NRP I and NRP II course of development and their results.

• Structural analysis of the Czech economy

• Analysis of human resources for R&D

• Review of strategic R&D documents

2.2. Panel of experts

About 70 experts were invited to participate in the panel of experts constituted for
this foresight .exercise. Thematic specialization of invited experts followed from
results of the preceding analytical stage of the project. The main objective of experts'
work consisted in identifying key opportunities and challenges for the Czech
Republic in the time horizon 2015·2020," to the solution of which research

(technologies) formulated by experts.
29 It is assumed that the application interval of the NRP III will last about 5 - 6 years after its

termination in 2014.
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supported from the NRP III may contribute, and identifying key thematic research
directions.

First, the experts were asked to suggest key themes from their research field and
outline a likely scenario for each theme, resulting in a probable future state regarding
the theme suggested. Probable future state indicated opportunities and threats
(problems) for the Czech Republic in the time horizon considered. To allow for a
final summary and evaluation of scenarios prepared by experts from different
thematic fields the experts followed a general template structure provided by the
coordinator (team of the Technology Centre) of the project:

• Theme proposed;

• Probable future development: locally and abroad, a likely situation in the Czech
Republic in 2015-2020, consequence(s) of such a development;

• Objectives achieved and benefits for the Czech Republic should either the
opportunity be exploited or the threat avoided;

• Research to be supported related to the theme.

A project-dedicated website was developed to support communication among
experts. Each expert published his/her theme on this website and all other experts
had an on-line access to it with an opportunity to make remarks and
recommendations. Their input was edited by the coordinator in cooperation with the
author of the original theme. Some themes and scenarios were prepared jointly by
experts from different fields (e.g. molecular biology, IT and social sciences). On-line
discussion among experts regarding individually prepared scenarios and their joint
work on some scenarios created conditions for a multidiSciplinary approach needed
for complex research tasks specified by experts.

Once the themes were collected they were sorted/grouped in cooperation with the
panel into thematic areas which would represent the main level for opening calls for
project proposals for the National Research Programme 111.Some issues were
discarded after discussion with experts to reduce thematic width of the NRP 111.The
structure of the NRP III is illustrated by the follOWingFigure 1.



Figure 1. Schematic depiction of the hierarchy of the National Research Programme
III: Themes (T) are grouped in Thematic Areas (TO), which are further
grouped in Thematic Priorities (TP).
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At this stage, the experts were asked to outline normative scenarios related to the
areas of grouped issues in terms of suggesting what to do so that the future
opportunity is exploited for a maximum benefit or the expected threat is minimized
or even avoided. Normative scenarios were concealed in the structure of the
template:

• Situation in the Czech Republic and abroad;
• Description of the desired state (regarding the issue) in 2015·2020;
• Objectives to be achieved, and their justification;
• Expected benefits;
• Research to be supported so that the objectives are met;
• Measures needed so that the objectives and the desired state in the future are

achieved (exploitation of opportunities - suppression of threats).

2.3. Multicriterial assessment of themes

From methodological point of view there is always a possibility in exercises looking
for priorities that experts suggest an excessive number of initial topics/issues to be
included in the final priority list. A rational and transparent selection procedure is a
difficult task. In this project reduction of initial set of themes suggested by experts
has been achieved through a comprehensive discussion of themes in the group of
experts, Nevertheless, due to budget restraints for the NRP III the Ministry of
Education may still require further reduction of themes suggested in the final stage of
the project. For such a case a muIticriterial assessment of themes is considered. A
similar assessment was used for selection of priority research themes in the first
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Czech foresight exercise in 2001 which led to formulation of the National Research
Programme I. The procedure is based on an assessment of each particular theme
against a set of criteria. Criteria are usually arranged into groups which are
aggregated into a low number (usually 2) of final parameters, e.g. "importance" and
"feasibility". The prioritization procedure is looking for maximum values of both final
parameters. The multicriterial analysis outlined briefly here is described in detail in
literature [2].

2.4. Results

Using the methodology outlined in the above section thirty-one thematic areas were
defined and these were grouped into four thematic priorities for the purpose of
administering the NRP III. Description of the full structure of the NRP III (including
thematic areas and individual themes) is beyond the scope of this concise
contribution. Summary of the final project report including the detailed structure of
the NRP III is to be published on the website www.foresight.cz after the project
completion by the end of 2007. Brief information on the structure of NRP III
(el. Fig. 1) is summarized in the following Table 1.
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1.
Table 1. National Research Programme III- thematic priorities and thematic areas

Information Society

g:

Research and
Development for a
Competitive Industry

1. A. Alternative Energy Sources

1. B. Nuclear Energy

1. C. Increasing Effectiveness of

Power Systems and Networks

1. D.lntegrated Mechanicai

Engineering

1. E. New Production Technologies,
Machines and Devices

1. F. Comoetitive TranSDort
Mechanical Engineering

1. G. Nanomaterials, Nanostructures

and Nanotechnologies

1. H. Microstructures and
Components

1. I. New Materials for Increasing
Competitiveness

2. Molecular Biology for
Health and Prosperity

3.

3. A. Intelligent Environment

3. B. Advanced Robotics

3. C. Computer Modelli~g and
Simulation

3. D. Monitoring and Diagnostic

Systems

3. E. Processing and Presentation of

Knowledge

3. F. Biomedical Informatics and 02-

Health

3. G.lntel1igent Transport Systems

3. H. Network and Communication

Inf ras t ruc tu re

3.1. New Computing and Software

Architectures

4. Society and Environment

4. A. Deveiopment of Life Quality and

Sust aina b ility

4. B. Optimal Land Use

4. C. Food for Healthy Nutrition

11. D. Safe Society

4. E. Protection of Popuiation,

Environment and Critical

Infras tructu re

6. F. Population Trends in the Czech

Republic and Their Political, Economic

and Social Implications

6. G. Governance, Public

Administration in the Czech Republic

and EU

4. H. Competitiveness of the Czech

Republic, Labour Market Education

IL I. Social Cohesion and

Marginalization
LPRD: Power Sources, Competitive
Mechanical Engineering, Material
Research

Input from LPROs: Molecular Biology,

Information Society

2. A. New Analytic and Diagnostic

Methods

2. B. New Treatment Methods and

Drugs

2. C. Advanced Biotechnologies

2. D. Genome and Proteome in Health

and Illness

LPRO: Molecular Biology LPRD: Information Society

Input from LPRDs: Molecular Biology,

Competitive Mechanical Engineering,

Social Science Research, Sustainable

Deve!opment

LPRD: Sustainable Development,
Security Research, Social Science
Research

Input from lPRDs: Information

Society

LPRD ~ Long-Term Principal Research Direction (8 LPRDs were adopted by the Government of the Czech Republic and included
in the National R&D Policy in June 2005)



A significant growth of research and innovation infrastructure is foreseen in the next
few years (2007-2013) in the Czech Republic. Development of this infrastructure
includes in particular building new research capacities. Financing will be provided
mainly by using the EU Structural Funds. Total financial volume available for that
type of investment in the Czech Republic will reach more than € 5 billion (provided
jointly by the Ministry of Education and Ministry of Industry and Trade).

National Research Programme III is supposed to be one of the main financial sources
for research carried out in new research capacities created using investments from
Structural Funds. General thematic orientation of investments is given by the Long
Term Principal Research Direction (LPRD) adopted by the Government of the Czech
Republic in June 2005. Recent screening performed by the Czech Council for
Research and Development has revealed that there is a large number of potential
projects on new research capacities. Their distribution according to LPRD is
illustrated by Figure 2.

Figure 2. Thematic distribution of investments into projects aimed at building of new
research capacities using Structural Funds in the Czech Republic in
2007-2013
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Comparison of Figure 2 with information on structure of the NRP III in the Table I
shows thematic links between both financial instruments through LPRD. Investments
into new research infrastructure will become operational in the next 3 - 5 years
which is matching the assumed launching of the NRP III.
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1. Introduction: The Case
The Flood and Coastal Defence (FCD) project of the United Kingdom Foresight
Programme, a project that ran from 2002-2004, involved an influential scenario
exercise. This had an extensive prehistory (including involvement with water
management issues), and which continues to evolve within a context where much
scenario work is underway.

The current (third) round of the United Kingdom Foresight Programme' was
launched in 2002. The Programme operates through having a number of projects
underway at anyone time. Of the five completed projects reviewed in the evaluation,
the Flood and Coastal Defence project was both the most expensive (it cost
c£1 million) and the one regarded as having the greatest impact. It began in 2002 as a
two-year project (the norm for UK Foresight), and its results were launched in 2004.
Work conducted for an independent evaluation of the Programme (PREST, 2006)
enables us to trace its impacts.

UK Foresight projects tend ·to be either technology-specific (an approach that often
lends itself to roadmapping) or problem-driven. FCD is an example of the latter.
"Problems" inherently raise issues that transcend disciplinary and professional
boundaries; a great deal of network-building is reqUired in order to secure
collaboration and exchange knowledge. Such interdisciplinarity is also seen as
essential in the more technology-focused exercises?

FCD was a one· country, nation-wide, study - though generating much data at more
regional and local levels. Subsequent work has often involved developing further
analyses at local levels - e.g. regional authorities, cities. Much work had already been
carried out on flooding by the likes of Defra (the Department of the Environment,
Food and Rural Affairs)' and the Environment Agency (EA).' FCD was conducted by
the ForeSight Programme, but sponsored by Defra, and distinguished by its
integrated analysis of drivers and impacts of flood risk in the UK over a time-scale of
30 to 100years.

2. The FCDProject
2.1. The Issue

The project aimed to produce a long-term vision for the future of FCD in the UK,
addressing (1) how the risk of flooding and coastal erosion might change over the
next 100 years. and (2) the best options for government and the private sector for
responding to the future challenges. The work was conducted with a time horizon 30
to 100years into the future. The objectives speCified for the project were to:

• Identify and assess the relative importance of drivers which will affect future
flood risk;

• Construct a set of risk-based scenarios 30 to 100years out;

• Provide an overview of responses and when best to use those responses;
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• Inform policy and its delivery;

• Consider implications for the future skills base;

• Identify possibilities for knowledge transfer from other areas of science and
technology;

• Inform public understanding; and

• Promote effective and enduring dialogue between the science base and
stakeholders.

2.2. Societal and economic implications

Flooding and flood management currently cost the UK over £2 billion each year.
Around £800 million is spent on flood and coastal defences. Damage caused by
flooding creates repair costs of around £1400 million. Climate change is seen as likely
to exacerbate risks. The rising values of buildings and their contents imply increasing
economic and financial costs, and social costs are incurred by those affected. The
flooding issue is situated, too, within ongoing debates as to how and how far society
should intervene in natural processes that create wetlands and coastal erosion, and
the ecological impacts of either course of action.

2.3. Actors involved

A guiding principle of the current round of UK Foresight is to conduct work where
science and technology~related issues require cooperation across government
departments. (Earlier rounds of Foresight had underplayed this, focusing more on
government-industry dialogue.) FCD thus reported both to a technical expert
advisory group and to a high-level ministerial stakeholder group. Strong support was
given by the Environment Minister, Elliot Morley. Close links with Defra meant that
the Foresight team could rely on that department's commitment to the project.

From the outset, a leading professor devoted himself for one year to the project as a
lead expert, clearing his diary of teaching. This is considered to be one of the crucial
success factors for the project. Significant human resources were devoted from Defra
- about half a person per year in total, spread among 6-7 persons. (This had the
added benefit of inculcating "ownership" of the project's process and results).

FollOWingearlier experience in UK ForeSight, the importance of wider participation
was centrally recognized. The project was designed so as to involve a wide range of
stakeholders, with the goals of bringing their expertise and knowledge to bear, and
securing their commitment to involvement in implementing the action plan. Some
stakeholders provided further funding (e.g. a report specific to Scotland was funded
by the Scottish Executive) and some provided access to intellectual property (e.g.
datasets to underpin the FloodRanger software were made available free of charge).



2.4. The Approach

The methodology was elaborated as the project proceeded, combining various
methods - some expert-driven, others more views-based. Whilst the project team
needed to prepare detailed plans, they also had to be careful not to stifle creativity -
an element of flexibility was essential. A three phase project structure (see Figure 1
below), facilitated flexibility and adaptation to changes in priorities. The three phases
were:

• Phase 1 - scoping the problems of flooding and coastal erosion; developing
methodology for the analysis in subsequent phases.

• Phase 2 - analysis of drivers and potential impacts of future flood risk under
baseline assumption - existing flood management policies continue unchanged -
enabling existing policies to be assessed against future risks, and identification
of useful changes. Better understanding of the drivers, their impacts and
relationships by adding additional qualitative and quantitative analysis to that
carried out in Phase 1. Figure 2 presents some results here.

• Phase 3 - analysis of responses: potential changes to flood management and related
policies that would improve the management of future flood risk. Different flood
management responses will be explored, in order to proVide policymakers with
indicators as to possible future policy directions. The testing of responses
involved assessing the impacts on flood risk of varying these flood management
responses, against a background of different futures scenarios, and of uncertain
climate change.

Climate change drivers
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Figure 2. Key Drivers - Degree of Control
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Source, Compiled from' OST (2003) and Sayers (2004)

A scenarios-based approach was deemed appropriate to the long-term nature of this
project, involving integration of the use of two different types of scenario,

• Climate change (CC) or emissions scenarios. FCD used the scenarios developed
as the UK Climate Impacts Programme's UKCIP02 climate scenarios.' These
involve lour emissions scenario", Low, Medium-low, Medium-high and High
(Figure 3). Main predictions from the UKCIP02 scenarios relevant to flooding
included -

a average annual temperatures across the UK may rise by between 22 and 3.52C
by the 2080s, In general there will be greater warming in the south east of the
UK;

a annual average precipitation across the UK may decrease slightly, by between
o and 15 per cent by the 2080s depending on scenario;



o the seasonal distribution of precipitation will change, with winters becoming
wetter and summers becoming drier, the biggest relative changes being in the
South and East. Under the High Emissions scenario winter precipitation in
the South East may increase by up to 30 per cent by the 2080s;

o by the 2080s the daily precipitation intensities that are experienced once
every two years on average may become up to 20 per cent heavier. No
guidance is given on the effects of climate change on more extreme
precipitation events;

o by the 2080s and depending on scenario relative sea level may be between
2cm below and 58cm above the current level in western Scotland and
between 26 and 86cm above the current level in South East England; and

o for some coastal locations a water level that at present has a 2 per cent
annual probability of occurrence may have an annual occurrence probability
01 33 per cent by the 2080s for Medium-High emissions.'

• Socio-economic (SE) scenarios. The four "Foresight Futures" developed in the
first cycle 01 UK Foresight were employed.' They were developed on the basis of
literature reviews and stakeholder consultations, with detailed assessments of
implications for specific sectors (e.g. of water management issues lor the
Environment Agency) being developed in workshop settings. Figure 4 outlines
these, with the vertical dimension concerning the system of governance (whether
power remains at the national level or moving upwards or downwards e.g. to the
EU or regional governments), and social values (more or less individualistic or
community-oriented values). Table 1 summarizes the key parameters.

The CC and SE scenarios were developed in different way, for different purposes. The
emissions scenarios used in UKCIP02 are global emissions scenarios. The Foresight
Futures make implicit and explicit assumptions about the global situation, but their
main parameters are specifically focused on the UK. FCD developed an approximate
mapping between the two sets of scenarios (Table 2).

FCD found that CC and SE scenarios both tend to be presented at highly aggregated
scales; and SE scenarios in particular often involve vague qualitative formulations.
For the FCD risk analysis it was necessary to represent the scenarios in terms 01
quantified (or at least ordinal) values. Some data derived from models .- dealing with
hydrological and marine drivers of flood risk, for instance - could be used. But much
of the task of interpreting scenarios and expressing them at the scale and in the
format required for risk analysis was based on expert judgement.
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Figure 3. Global carbon emissions in the four UKCIP02 emissions scenarios.
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Table 1. The Foresight Futures

National Global Local
Features World Markets Enterprise Responsibility Stewardship

Governance Internationalist. Nationalist. Interna tic n a list, Localist, co-
structures libertarian individualist communitarian operative

Role of policy Weak, dispersed, Weak, national, Strong, coordinated, Strong, local,
consultative closed consultative participative

Economic Minimal, enabling State-ce n t red, Corporatist. political, Interven tic n is t,
development markets market social and social and

regulation to environmental goals environmental
protect key
sectors

Structural High growth, high Medium-low Medium-high growth, low growth, low
change innovation, capital growth, Low high innovation, innovation,

productivity innovation, resource productivity modular and
Maintenance sustainable
economy

Fast-growing Rapid, towards More stable Fast. towards services Moderate,
sectors services economic towards regional

structure systems

Declining Health & leisure, Private health Education and Small-scale
sectors media & and education, training, Large manufacturing,

information, Domestic and systems engineering, Food and organic
financial services, personal New and renewable farming, Local
biotechnology, services, energy, Information services
nanotechnology rourism, services

Retailing,
Defence

Unemployment Manufacturing, Public services, Fossil fuel energy, Retailing, tourism,
agriculture civil engineering Traditional financial services

manufacturing

Income Medium-low Medium-high Low Medium-low
(large voluntary
sector)

Equity High Medium-low Medium-high Low

GDP growth p.a. 3.5% 2% 2.75% 1.25%
(now 2.5%)

Total investment 22% 18% 20% 16%
(19 % of GDP)
Agricultural 1% 2% 1.5% 3%
activity (2 % of
total activity)

Newly developed 6000 4500 3000 1000
land (now 6500
hectares per
year)

Primary energy 280 million avo 270 million avo 230 million avochange 230 million avo
consumption change pa 1.7% change pa 1.5% pa 0.1 % change pa 0.1 %
(230m tons of oil
equivalent)

Source, OST (2003)
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Table 2. UNCIPand Foresight Scenarios

I SRES UKCIP02
Foresight
Futures Commentary

81 low emissions Global
responsibility

Medium-high growth, but low primary energy
consumption. High emphasis on international action for
environmental goals (e.g, greenhouse gas emlssions
control). Innovation of new and renewable energy
sources,

82 Medium-low Local
emissions stewardship

A2 Medium-high National
emissions enterprise

A1F1 High emissions World markets

low growth: Low consumption. However, less effective
international action, Low innovation.
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Medium-low growth, but with no action to limit emissions.
Increasing and unregulated emissions from newly
industrialized countries.

Highest national and global growth. No action to limit
emlssions. Price of fossil fuels may drive development of
alternatives in the long term.

Source, OST (2003)

The scenarios were used as the basis for risk assessments. The second and third
phases of FCD. quantified and costed risks, and established detailed visions of each
scenario.

3. Project outputs

3.1. Reports

In the project introduction. the Chief Scientist. Sir David King described the FCD
project as ·'the most wide-ranging analysis of the problem of increasing flood risk that
has ever been made in the UK and possibly internationally"· - the interviewees for the
evaluation study broadly agreed with this assessment.

FCD·s reports were targeted at policymakers. in central and regional Government,
and at the private sector (e.g. construction and insurance firms). They were also
disseminated to a wide range of professionals whose work is affected by flooding and
coastal erosion (including planners, environmentalists, those in business, social
scientists. researchers and flood managers). The imagery used for the project outputs.
especially the maps indicating flood risks, conveyed key messages to non-experts.
The main project reports achieved substantial media coverage. with many
reproductions of maps illustrating impacts on different regions of the country
(examples in Figure 5).
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FeD's main published outputs' were:

• Executive Summary

• Key messages for stakeholders: a series of information sheets for researchers, skills
providers, local and regional government, and the insurance and financial
services.
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• An overview of the science used in two Scientific Summaries ( Volume I - Future
risks and their drivers; Volume II - Managing future risks)

• Scotland, A detailed technical report analysing the extent and nature of future
risks specifically for Scotland.

• A series of technical papers detailing the underlying work of the project. (Much
interim analysis and documentation was also available on the project website)

• FloodRanger A computer-based flooding simulator, mainly for educational
purposes. This tool enables users to explore the interaction of many issues-
including climate change, planning, infrastructure provision and flood defences -
for (an imaginary part of) the UK.'

3.2. Problems addressed by the results from the exercise

Two key messages from the project were (1) if the UK continues with existing
policies the risks grow very substantially, in virtually every scenario considered;
(2) the risks need to be tackled across a broad front. Reductions in global emissions
would reduce the risks greatly - but these are unlikely to be sufficient. Hard choices
are required: the UK mflst invest more in sustainable approaches to flood and coastal
management - or learn to live with increased flooding.

3.3. Policy options to policy makers that result from the exercise

The Executive Summary (OST, 2004) set out key choices for policymakers, listing such
main points of discussion as:

• Aims for future flood management: should policy accept increasing levels of risk
of flooding? Seek to maintain risks at current levels? Seek to reduce the risks?

• Importance of managing climate change to the risks from flooding: reduction of
climate change - through controlling emissions or, in the future, by macro-
engineering the climate - could make the task substantially easier.

• Additional challenges for towns and cities: given high uncertainty in the case of
intra-urban flooding, how (much) to invest in better modelling and prediction of
flooding in urban areas to enable more effective forward planning?

• Factors that should inform long-term approach to flood management: the balance
between state and market forces in decisions on land use: whether to implement
societal responses with a longer lead time, or increasingly rely on larger structural
flood defences with potential economic, social and environmental costs; How
much emphasis to place on measures that are reversible and those that are highly



adaptive? Key issues to consider were: where to concentrate future urban and
economic development? when to invest in flood-risk reduction? and how to
manage flood risk in those areas?

• Governance: needs to support the concept of a portfolio of responses to
increasing flood risk, in order to allow its integrated implementation. Adaptability
will be important in the portfolio of responses, and its governance arrangements.
It is important that the responses can respond to changing societal and climatic
drivers. Investment will be needed for future flood and coastal management, to
promote long-term solutions, appropriate standards and equitable outcomes.
Market mechanisms and incentives should be fully used to manage future risks -
while recognizing the central role of all levels of government. Science and
technology can playa key role in the development of long-term policies in flood-
risk management. Periodic reassessment of the long-term strategy for managing flood
risk should be made - to take account of new scientific data, and to enable it to
be adapted to an evolving future. The points discussed are: Who pays? Public
perception of risk and acceptance of solutions for the social good; Possible
obstacles and opportunities.

• Implications for science and t.echnology: Investing more, to ensur~ better
informed decisions on long-term flood management, and doing more to join up
different areas of science. The three broad areas with the greatest bearing on
future risks, but where there is most uncertainty are: 1) Reducing uncertainty in
risks and responses: e.g. intra-urban precipitation; land-use planning and
management; 2) Strategic assessment of responses: e.g. strategic risk assessment
for intra-urban flooding; evaluation of non-monetary flood damages;
3) Sustainability and Governance: e.g. whole-system costs and benefits; human
and ecological consequences of managed realignment and abandonment of
defences.

• Implications for skills: in particular, continuing need for civil engineers to
contribute to flood risk management - in particular for the design of flood
defence works and urban drainage systems. Engineers and other professionals
involved in flood-risk management will require a wider range of skills to address
issues holistically.

3.4. Impact and results of the exercise

As with other Foresight projects, the sponsoring ministry, Defra, was expected to
take responsibility for follow-up action. An l\ction Plan was assembled by OST, in
consultation with Defra and stakeholders, covering: (a) implications for policy;
(b) applying and deepening the work in specific parts of the country; (c) informing
research priorities; and (d) informing the climate change agenda.

Impacts are most obvious in the sponsoring ministry, Defra, where FCD was used
heavily to inform Defra's long-term strategy on flooding, "Making Space for Water".
For instance, in the Autumn 2004 public consultation document, ForeSight is cited
58 times. W Defra does not consider FCD to have proVided "the answers" to these
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great challenges but to have provided a "route map" for policy development and
decision making (including these consultations). This is influential on huge amounts
of public investment, infrastructural decisions, and research strategy.ll

Defra personnel saw FCD's main success as having brought together the key players
(industry, government, the insurance sector, etc.) to dialogue and reach a shared
understanding of complex issues. One interviewee described FCD as a "wake-up call"
for Defra itself - as reflected in the extensive use being made of the results in Defra's
strategy development. The project is considered to have improved knowledge in a few
areas. But it is the bringing together of a holistic picture within a sound logical
framework, that is seen as more important.

But the project has also given a wider group of stakeholders a better understanding
of the potential scale of future flood risks and has helped to inform strategic
planning and investment in managing them. For example, the Environment Agency
(EA) has used the work to inform its Science Strategy and the work of the joint
Defra/EA Flood and Coastal Erosion Risk Management R&D Programme. The EA
also reports that the Flood Ranger simulator has become a respected and valuable
part of its Flood Risk Management toolbox. The Agency has found it particularly
useful in communicating key messages on the political impacts of climate change to
stakeholders. "

4. Wider Context
Flooding shot up the political agenda in 2007 following major floods in the summer.
Policy development and implementation continues. Defra anticipates that FCD will
feed into its review of policy for some years to come. Foresight's policy impacts
cannot be instantaneous., especially for such a large and rapidly evolving topic.
Policy makers can return to the route map set out in the reports - a "reservoir" of
knowledge to be drawn on. Since it is more visionary than detailed, Defra and other
users, such as the EA, are developing the knowledge base further, in order to
continue to incorporate messages from FeD and its successors into policy and
strategy. One example is the EA's extension of the earlier scenario work to deal with
the issues facing specific regions, for developing regional water management
strategies." Substantial research effort is being directed at the flooding issue, too,
with some elaboration of new scenario approaches (e.g.probabilistic scenarios")."
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Notes

I The Programme is run by the Office of Science and Innovation (OS 1 - previously the 051', Office
of Science and Technology), based in the Department of Trade and Industry (D1'I). See
http://www. foresight.gov. uk.

2 More technology-driven exercises are: Cognitive Systems; Exploiting the Electromagnetic
Spectrum; Intelligent Infrastructure Systems; Sustainable Energy Management and the Built
Environment. More problem-driven exercises are: Cyber Trust and Crime Prevention; Brain
Science, Addiction and Drugs; Detection and Identification of Infectious Diseases; Mental Capital
and Wellbeing, Tackling Obesities.

3 For Defra's Horizon Scanning and Futures Programme, see
http://horizonscanning.defra.gov. uk!default.aspx?menu=menu&module= About&N avID=9. For the
RASP project on the performance of defences, see http://www.rasp-project.net/.

4 For the EA's work on environmental futures, see http://www.environment-
agency.gov. uk/science/922254/922694/
922696/?version=I&lang=_e while its scenario approach is at http://www.environment-
agency.gov.uk/aboutus/512398/1504325/
1504417/831980/8323171?1ang~ _c.

5 See the UK Climate Impacts Programme Scenarios Gateway at
http://www. ukci p.org. uk/scenarios/.

6 FCD Phase 1 report at http://www.foresight.gov.uk/Previous_Projects/
Flood_and _Coastal_Defence/Reports _and _ Publ ications/Phase _1_ Reports/Drivers_Scenarios _and_
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Workplan.html.

7 Thcse scenarios are available as "Foresight Futures 2020: Revised Scenarios and Guidance" at:
http://www.foresight.gov.uk/publications/
current_round _general_publications/foresight_ futures _2020 Jevised _scenarios_and _guidance/ind
ex.htm. The approach is discussed in Berkhout & Hertin (2002). For an earlier discussion of use
of scenarios in Foresight, and a set of four profiles, see David Stout's essay at:
http://www. foresight.gov. uk/Previous _ Rounds/F oresight_1994 _1999/General_ Publieations/The%
20U se%200fOIo20Scenarios%20 In %20 Foresight/index.htm.

R Outputs listed and available at: http://www.foresighLgov.uk/Previous_
Proj ects/Flood _and _Coastal_ Defence/Reports _and _Pub Iications/Project _Outputs/Outputs.htm.
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9 This is retailed commercially at http://www.discoverysoftware.co.uk/
FloodRanger.htm where it is described as being aimed at flood defence practitioners, local
authorities, insurers, universities and schools. The description is that "The objective of the game
is to defend urban areas and sites of special scientific interest while maintaining levels of housing
and employment for an expanding populati.on. The game uses a virtual terrain loosely based on the
east coast of England. The user can select between two world future scenarios in combination with
four climate change scenarios taken from the UK Hadley Centre for Climate Change." The game
received considerable media comment; a current project draws on the experience in developing a
similar tool for shoreline management - see http://www.defra.gov.uk/environ/fcd/
policy/strategy/sd7/sld2313.htm. .

10 The original consultation document Defra (2004) no longer seems to be available, but for more
details and much background documentation see:
http://www .de fra. g0v.ukl en v iranI fcd/po Iicy I strate gy/
consultation.htm. A subsequent consultation has also been held. Defra (2006, 2007) - for more on
this process see http://www.defra.gov.uk/
corporate/consult/msw-eaoverview lindex. htm and
http://www.defra.gov.uk/cnviron/fcd/policy/strategy.htm.

II Important impacts are also reported in Scottish and Welsh agencies.

12 On impacts, see the Evaluation study, and also the details at
http://www. foresighLgov. uk/Previous _Projects/Flood_and _Coastal_Defence/One _Year _Review/R
eview.html#7.

13 See for example the work for the Midlands, explicitly reworking the scenarios, at:
http://www. environment-agency.gov. uk/re gions/
midlands/567079/567098/ll2954/?version=1 &lang= _e#.

14 Thus a workshop on The Use of Probabilistic Climate Scenarios in Impacts Assessment and
Adaptation Studies was held in November 2006, for climate scientists, scenario end users and
stakeholders concerned with the impacts of climate change on the built environment,
infrastructure and utilities, to examine how probabilistic climate scenarios can be used in practice
for planning, design and management, to help prepare the end-user community for the arrival of
probabilistic scenarios, and to disseminate new climate and socio-economic scenarios work from
the a set of BKCC projects. See http://www.k4cc.org/events/workshops/probablistic-scenarios-
workshop-review for full details. BKCC (Building Knowledge for a Changing Climate - see
http://www.k4cc.org/bkcc ) is a partnership (between EPSRC and UKCIP) supporting several
research projects designed to improve understanding of the multidisciplinary challenges required
for the adaptation of UK buildings and infrastructure to climate change. These projects include
ASCCUE (Adaptation Strategies for Climate Change in the Urban Environment); AUDACIOUS
(Adaptable Urban Drainage - Addressing Change in Intensity, Occurrence and Uncertainty of
Stormwater); BESEECH (Economic and Social Information for Examining the Effects of Climate
Change); BETWIXT (Construction of climate scenarios for the built environment, transport and
utilities); BIONICS (Biological and Engineering Impacts of Climate Change on Slopes);
CRANIUM (Climate change Risk Assessment: New Impact and Uncertainty Methods);
Engineering Historic Futures (EHF): Adaptation of Historic Environments to Moisture-Related
Climate Change; GENESIS (Climate Change Impacts assessment on the Electricity Supply
Industry and Utilities); and finally Impact of Climate Change on UK Air Transport. A wider
initiative is Sustaining Knowledge for a Changing Climate (SKCC) - see http://www.k4cc.org/.



Also of considerable interest here are the research activities especially focused on flooding - see
the Flood Risk Management Research Consortium at httpJ/www.floodrisk.org.uk/, which also
involves projects taking up scenario analysis for risk management. A wide range of approaches is
being pursued - reuse of the FeD scenarios, creation of new scenarios on workshops, modelling,
etc. But the need for scenario analyses and Foresight morc generally is well-embedded in research
and policy communities, and business iike insurers and construction firms are increasingly
attentive to such work.
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Introduction
There is tremendous competition between the water needs of agriculture, industry,
and the growing number of people in our world, and there are severe and increasing
freshwater shortages in many areas, Indices and maps of water scarcity have been
drawn up, there is talk of OTthe water crisis", and predictions of wars to come over
water. Yet our planet is a water planet, with an abundance of water. So why is there so
much concern about our future water security?

This question is not so surprising if we consider that of the total amount of water in
the world, only 2.5 per cent exists as freshwater, while 97.5 per cent is seawater. It
takes a great deal of energy to desalinate seawater, and of course energy is also
increasingly constrained. Hence in most places, large-scale desalination is hardly a
viable option with current technologies. Of the relatively small proportion of water,
which is fresh, about 90 per cent is inaccessible for our use. Two-thirds is locked up
in glaciers and ice caps, while most groundwater cannot be sustainably extracted.
Fossil aquifers are being tapped in many places - water which is many thousands of
years old and not readily renewable. There are many large aquifers, most notably the
Ogoialla aquifer in Texas, and the aquifer which underlies the Indo-Gangetic plain,
which are seeing dropping water levels, accompanied by rising costs of pumping in
order to extract the deeper water. Where groundwater was being pumped from 30
metres depth, it is now necessary to pump from 100 metres or much more, with
accompanying increases in energy costs.

Rivers, lakes and wetlands account for less than 0.4 per cent of the world's water (see
Figure 1 below). Many of these are remote and not easily accessible. We are now
starting to see startling declines in the size of many of the world's lakes and inland
seas, notably the Aral Sea, the Dead Sea, and Lake Chad - a freshwater lake shared by
4 African countries which has declined to 10 per cent of the size it was in 1963. The
volume of water in the Aral Basin has been reduced by 75 per cent since 1960. The
YellowRiver, which is one of the largest and longest rivers in the world (over 4000 km
long) has ceased to reach the sea for long periods since 2002, due to massive over-
extraction tor Industry. tor agriculture, and for the 120 million people who now live
in the catchment area of the river basin.

On the other hand, the rainfall, which replenishes our freshwater resources is highly
variable in many parts of the world, and much of this freshwater arrives in floods
which cannot be usefully harnessed. The frequency of hurricanes, floods and
droughts is increasing hand-in-hand with climate change. Much of the surface water
and soil moisture is lost to evaporation and evapotranspiration, both of which are
also being increased by global warming and higher temperatures. All of these factors
affect the outlook for sound and sustainable water management, together with the
increasing competition between the needs of various water users and the natural
environment. We need to consider the challenges that these changes pose for
industry, as well as the opportunities that exist to improve our future water security.
In this paper I will be talking about two key opportunities which are available to us
today.
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1. The challenge for sound water management
By the year 2050, the world population will reach 10 billion, 90 per cent of whom will
live in developing regions, We are already well over 6 billion people on earth, and in
this year 2007, for the first time in history, over half of humanity is living in cities, It
has been well put by Bill McKibben, in his book entitled The End of Nature: "We are
no longer able to think of ourselves as a species tossed about by larger forces - now
we are those larger forces,"

Figure 4.1:
Global distribution of
the world's water

Figure 1. Global distribution of the world's water in 2003 (Source: World Water
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Cities and industry are both demanding ever greater volumes of water, while at the
same time producing wastes and effluent which in many places taint and damage the
quality of this precious resource on which all life depends. In agriculture, unsound
irrigation practices are creating salinisation problems for both soil and water, and
agricultural runoff carries pesticides and fertilizer. While the quantity of freshwater
available represents one side of the coin of the water crisis, the quality issue
represents the other. However, in the end, they are both sides of the same coin. Water
that is too polluted to be used for a particular purpose, whether for drinking water,
for industry, for irrigation, or for sustaining ecosystems, is in effect water that is not
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available for use. Hence if we are looking to preserve and maximize the quantity of
this resource, it is essential to ensure at the same time that its quality is fit for the use
for which it is intended. Technology foresight is the key tool to use to identify the
innovations which will enable us to meet this challenge, and to put in place the
strategies and the policies which will lead to impro-:ed water security and
sustainability.

2. Trends in the use of water in industry

Agriculture at present uses the lion's share of water world-wide, with between 70 per
cent and 90 per cent of all water in most regions. Interestingly, the East Asia/Pacific
region and sub-Saharan Africa are the two exceptions to this, with industrial water
use taking a large proportion of water, but for opposite reasons: in East Asia/Pacific,
industry has grown extremely rapidly and often unsustainably in recent years.
Industry now provides 48 per cent of the total GDP in the region. and this
proportion is still increasing. On the other hand, in sub-Saharan Africa, industry
takes a large share of total water use not because the industrial sector is especially
strong, but because most agriculture is rain-fed and there is relatively little water
storage available on the continent.

Figure 2. Water use by industry, in various regions of the world
(Source: World Bank, 2002)'-===-===== 1
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In the 50 years from 1950 to 2000, world industrial water withdrawals climbed from
200 km3 /year to almost 800 km3 /year, while industrial water consumption has
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increased from 20 to about 100 km3 /year. The relationship between industrial water
withdrawal and industrial growth is not linear, as technological advances lead to
water savings as well as water reuse in industry. Hence industrial water withdrawals
in many developed countries have flattened off, while industrial water consumption
(which is only a fraction of the total water withdrawal) continues to grow. This can be
clearly seen in Figure 3 below, which shows total world industrial water withdrawals
and water consumption from 1950 to 2000. However, industrial water use is usually
measured in terms of withdrawals. What is the difference?

Water is used by industry in a myriad of ways: for cleaning, heating, or cooling; for
generating steam; for carrying dissolved substances or particulates, for instance when
pumping slurry; as a raw material; as a solvent; and as a constituent part of the
product itself (for example, in the beverage industry). Some of the water evaporates
in the process. The water, which is consumed by industry is therefore the water
which evaporates, as well as the water which remains in the product, the byproducts
or the solid waste generated. The balance of the water is discharged after use as
wastewater or effluent. This is why the total withdrawal of water by industry from
surface and groundwater is often much more than the water which is actually
consumed.
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Wi=Ci+Ei

where:
Wi ~ the water withdrawal by industry
Ci ~ the water consumption by industry
Ei ~ the industrial effluent discharge

Figure 3, World industrial water use from 1950 to 2000 (Based upon data from
Shiklomanov, 2002)

World industrial water withdrawals and
consumption over the last 50 years

1000.,
III
::J 800 ~~., ~

- .- '" 600'" ., ! ____ Withdrawals~~
-0')

i -<>- Consumption·.~ E 400
l __ .. .,..

Ui"'"
::J 200

'1::l
.E ---':j-- -~___ ~.{ :-------_-r..----. '--~-C

a
1950 1960 1970 1980 1990 1995 2000

The gradual increase in water consumption therefore reflects the continuous increase
in industrial production. However, as noted above, water withdrawals do not have to
increase in proportion, indeed, by cutting back on the volumes of effluent generated,
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by reusing and recycling water. these two factors can be delinked. What is obvious is
that despite the continued expansion in industrial production since 1980, water
withdrawals for use by industry world-wide are no longer growing as quickly as pre-
1980. This can be seen even more clearly if we disaggregate the water use data by
region.

Figure 4. Comparison between industrial water use in Europe (4a) and in Asia (4b)
from 1950 to 2000 (Based upon data from Shiklomanov, 2002)
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Figure 4a shows that industrial water withdrawals in Europe have actually been
dropping since 1980, although industrial output continues to grow. With its strong
emphasis on environmental protection, this is evidence that in Europe water re~use
and recycling measures are taking effect, allowing industry to grow without putting
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further strain on water resources. However, as you can see there is still a very large
gap between withdrawals and consumption (approximately 160 km' /year),
representing the quantity of effluent that is discharged by industry. Hence there is
plenty of scope for improvement and growth. The limit would be reached when the
two curves touch - the point at which there would be zero discharge.

In Asia, the growth in industrial water withdrawals was rapid up to the early 1990s,
and has since been growing more slowly, as Figure 4b shows. despite the region's
continued high growth in manufacturing output. Hence the intensity of water use in
industry is increasing both in Europe and in Asia/Pacific - but not as rapidly in the
latter. Progress is being made most quickly in those countries where water scarcity is
being experienced, and action is being taken both at policy level, at regulatory level
and at the level of individual enterprises. As an example, in one Australian brewery,
the water used (calculation based upon water withdrawals) dropped from 15 litres per
litre of beer produced in 1996, to just 6 litres of water per litre of beer in 2003. This
represents an effiCiency improvement of 60 per cent in 6 years!

Another way of looking at this improvement at national level is to take the industry
value added (in US$ for purposes of comparison) and divide by the industrial water
use (measured by withdrawals): this gives the industrial water productivity, measured
in US$ per m'. The figures in Table 1 show that this indicator can different greatly
among the largest world economies. If we compare Japan, where water recycling and
reuse is a way of life, with the United States, we can see that the industrial water
productivity is an order of magnitude higher in Japan. We find that Denmark has the
highest industrial water productivity world-wide. One reason may be that most water
withdrawals in Denmark are from groundwater. because there is relatively little
surface water due to its topography, and hence water has always been viewed as a'
resource to be conserved. In Canada, on the other hand. which has the highest water
availability of any country, we find that despite their sound environmental record
their industrial water productivity is relatively low: lower than in the United States.
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Table 1. Industrial water productivity by country, 2000/2001

Industry, value
added (IVA)(biliions Industrial
constant 1995 Industrial water Population water

Country U5$) use (km3/year) (million) productivity

Year: 2001 (some Year: 2000 Year: 2000 Source: (SIVA/m3i
2000i Source: World 50urce:AQUA5TAT AQUA5TAT2003
Bank 2001 2003

Armenia 1.19 0.13 3.79 9.18
Austria 82.15 1.35 8.08 60.85
Azerbaijan 1.02 4.77 8.04 0.21
Belarus 5.76 1.30 10.19 4.44
Bulgaria 3.48 8.21 7.95 0.42
Canada 205.98 31.57 30.76 6.52

. Czech Republic 20.97 1.47 10.27 14.31
Denmark 44.90 0.32 5.32 138.59
Estonia 1.72 0.06 1.39 26.80
Finland 53.22 2.07 5.17 25.66
France 43002 29.76 59.24 14.45
Germany 748.18 31.93 82.02 23.43
Greece 28.18 025 10.61 114.44
Hungary 17.26 4.48 9.97 3.85
Italy 332.94 16.29 5753 20.44
Japan 1889.94 15.80 127.10 119.62
Kazakhstan 8.39 5.78 16.17 1.45
Kyrgyz Republic 0.36 0.31 4.92 1.17
Latvia 1.88 0.10 2.42 19.60
Lithuania 2.48 0.04 3.70 60.34
Moldova 0.78 1.33 4.30 0.59
Netherlands 119.90 4.76 15.86 25.17
Norway 49.05 1.46 4.47 33.56
Poland 50.65 12.75 38.61 3.97-----
Portugal 36.71 1.37 10.02 2687
Romania 12.32 7.97 22.44 1.55--_._-
Russian Federation 139.79 48.66 145.49 2.87-
Spain 208.17 6.60 39.91 31.54

Sweden 81.68 1.61 8.84 50.61
Tajikistan 0.70 0.56 6.09 1.25
Turkmenistan 3.46 0.19 4.74 18.34
Ukraine 21.62 13.28 49.57 1.63
United Kingdom 340.03 7.19 59.63 47.28

United States 2147.80 220.69 283.23 9.73
Uzbekistan 2.79 1.20 24.88 2.33

Source: World Water Development Report 2, UNESCO, 2006.

192



3. Opportunities for the future
In this paper I wish to present two opportunities, which exist to look at water use in
industry in a different way: strategies lor more socially and environmentally
responsible use of water; strategies which I believe will take us a long way down the
line to addressing the problems and threats to both the quantity and the quality of
water available for use, Because security of water supply is essential for stable
industrial development, these opportunities m~st be worth taking.

The first opportunity relates to increasing industrial water productivity, which as
shown in the last section can be assessed and monitored over time. This can prove to
be an incentive for improvement. The second opportunity is a longer-term, more
visionary effort - achieving zero discharge. There are a number of intermediate
strategies, which can take us closer to this end point. While it may take time to
achieve everywhere, and is without a doubt easier to achieve on an individual
enterprise level or on a small district level, zero discharge is a worthwhile goal.

3.1. Opportunity #1: increasing industrial water productivity

The higher the water productivity, the greater is the value, which is intrinsically being
placed upon water. In water-scarce regions, where there is competition for water
among various users, water is likely to be allocated to the more highly productive
uses. Various strategies are available to improve industrial water productivity, such as:

• Water auditing
• Matching water quality to use requirements
• Water recycling and reuse on site
• Using reclaimed water
• The concept of the virtual water trade in manufactured products
• Policy instruments and economic incentives

193

Water auditing

Carrying out a water audit over an industrial plant or manufacturing facility shows
clearly where the water, which is supplied to the plant is used, how much is used in
each process, and where it ultimately ends up, Rainwater, which falls on the site, as
well as the natural evaporation which occurs, should also be included in the audit.
Hence the topography of the site can also be important. Once a water audit has been
done, it is possible to draw a flow chart and show the water balance over the plant, or
over individual units of the process, This is the first step in finding innovative ways
to save water on an industrial site.

Water can be saved either by cutting down on water input, where it is being
unnecessarily wasted" or by identifying water recycling and reuse opportunities,
which are discussed in more detail below, Rainwater harvesting on site may also be
considered, since this is preferable to allowing rainwater (which be contaminated)
simply to run off into the stormwater system. There are some generic lessons that can



be learned for a given production sector, but in the end each factory site needs to be
audited and analysed individually.

Matching water quality to use requirements

In many instances, the water used in industry is of an unnecessarily high quality for
the use to which it is put. The analogy in domestic water use is, for instance, using
water of drinking quality in order to flush toilets, or to water the garden. Similarly, in
industrial processes there are many applications where lower water quality could be
used. This offers recycling opportunities, Often 50 per cent or more of the water
intake to an industrial plant may be used for the purpose of process cooling alone, a
need that can often be met with lesser quality water. On the other hand, some
industries (such as the pharmaceutical industry) require water of exceptionally high
quality. In such processes, additional water treatment is carried out on the water,
which is received from the local water utility, or withdrawn from groundwater or
surface waters, in order to further improve the water quality before it is used.

There are cases in industry where water is used inappropriately, where a completely
different approach could be taken to save water in water-scarce areas. An example of
this would be sWitching to using pneumatic or mechanical systems for
transportation, instead of using water, as is often done in the poultry and other food
industries.

Water recycling on site

Water recycling is, the primary llleans of saving water in an industrial application:
taking wastewater which would otherwise be discharged, and using it in a lower
quality application (often after treatment), Each cubic meter of water which is
recycled on site represents one cubic meter which is not withdrawn trom a water
source. Water can be used many times over. In such cases, where for instance a given
cubic meter of water is used 10 times over in the process (a "recycle ratio" of 10 to 1),
this represents nine cubic meters which aTe not wit.hdrawn from a water source.
Increased water savings can be made by raising the recycle ratio. The industrial water
productivity of the product (in terms of industrial value added per cubic meter of
water used) is also greatly increased thereby, as far less water is used to produce the
same quantity of product.

The way in which water recycling is done on site must be governed by the principle
of matching water quality to use requirements, as mentioned above. This is
dependent all the nature of the manufacturing process, as well as on the degree of
wastewater treatment which is carried out on the site. Processes such as heating,
cooling and quenching are the most common applications for lower quality water. It
can also be used as washdown water, and for site irrigation.

A second consideration in recycling industrial water is the cost of treating the
wastewater to the level required, and the cost of the new pipes and pumps required
to be laid, compared to the cost of "raw" water supplies (freshwater). Where the
quality of freshwater locally is declining, or where freshwater supplies become

t94



unreliable due to water scarcity in the region, droughts or declining groundwater
levels, industrial water recycling on site becomes an increasingly attractive option.
Water recycling on site can be regarded as a component of industrial risk
management, since it contributes to reducing the risk related to unreliability of
freshwater supplies.

As one example, the micro-chip manufacturer Intel established the Corporate
Industrial Water Management Group to improve water-use efficiency at its major
manufacturing sites, which use large amounts of highly treated water for chip
cleaning. The group includes representatives from fabrication sites, corporate
technology development experts, and regulatory compliance staff. Intel set an initial
goal to offset by 2003 at least 25 per cent of its total incoming fresh water supply
needs with recycled water and more efficient systems. In 2002, the company
exceeded this goal by achieving 35 per cent water savings through recycling water
and efficiency gains.

Using reclaimed water

Water recycling occurs on one industrial site, but water reclamation refers to reusing
wastewater that was produced elsewhere (with a treatment step in between, if
necessary). Again, the principle of matching water quality to use requirements must
be followed. The availability of the wastewater at the times when it is needed, and its
variability in terms of quality, also need to be considered. For instance, an industrial
plant could use wastewater from a nearby municipal sewage treatment plant. This
reclaimed water is sold to industry by municipalities in many countries, including
Australia and the USA. The most common uses are for industrial cooling and power
generation, followed by boiler feed and quenching. The use of reclaimed water by
industry eases the pressure on scarce water resources in the region.
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In the Durban metropolitan region of South Africa, an innovative public-private
partnership has been supplying reclaimed water to industries since 1999. The
Southern Sewage Works of the Durban Metro Water Services treats over 100 MIl day
of domestic and industrial effluent (through primary treatment only), prior to
discharging it to sea through a long sea outfall. Projections showed that the capacity
of the sea outfall would soon be reached, due to the growing population and
industrial water discharges in the area. A secondary treatment plant with a capacity
of 48 MIl day was built which was allowed to discharge water into a canal, flowing
over the beach into the sea. A nearby paper mill then contracted to take 9 MIl day of
the treated water. However, it was found that tertiary treatment would be required to
sell reclaimed water to other industries in the area, who need higher quality water.
Since it was not economically feasible for the municipal water utility to construct and
operate such a high-tech plant, the tertiary treatment works (which currently treats
and sells up to 30 MIIday of reclaimed water to local industries) was built through a
public-private partnership.

Agricultural irrigation and urban irrigation (of parks, sports fields and golf courses)
are also major applications for reclaimed water, which is important since irrigation is



usually the largest water user in any region. Israel currently reuses 84 per cent of its
treated sewage effluent in agricultural irrigation. The World Health Organization has
laid down guidelines for the use of reclaimed water in irrigation, as there may be
health implications where reclaimed water is sprayed in the open. Reclaimed water is
also used for aquifer recharge, for instance to avoid saline water intrusion into the
aquifer, or simply to augment the groundwater supply. In the Adelaide region of
Australia, it has been found that half of the city's water demand can be met through
reclaiming water by aquifer storage and recovery.

In construction applications, reclaimed water can be used for dust control, soil
settling and compaction. aggregate washing and concrete making. Domestic
applications for reclaimed water include fire fighting, car washing, toilet flushing and
garden watering. Supplying non-potable water in urban areas requires two sets of
piping, one for potable and the other for reclaimed water - termed "dual reticulation".
The laying of dual reticulation is usually done in new housing developments, as
laying it retrospectively may be prohibitively expensive. The Tokyo Metropolitan
Government in Japan has long encouraged the fitting of new office blocks and
apartments in Tokyo with dual reticulation. There are even a few cities in arid
regions, such as Windhoek in Namibia, where reclaimed water is treated to a very
high standard and then reused directly to augment the potahle (drinking) water
supply.

The virtual water trade in industry and manufacturing

The concept of the virtual water trade applies both to trade in crops and food
products, as well as to manufactured products. A particular product embodies the
volume of water which is used to produce it. This can be calculated as m3 per ton of
product, or as m3 per $ of added value. By looking at the imports and exports of each
type of product, it is pOSSible to calculate the virtual water flows into and out of the
region that this trade represents. In war.er~scarce regions, it makes sense to focus
upon the manufacture of products which use little water in the manufacturing
process, and hence only to export products with a high water productivity. This
minimizes the amount of virtual water which is exported. On the other hand, water-
intensive products and products with low water productivity, such as aluminium and
beer, should be imported into water-scarce regions, as this represents a way of
indirectly importing water.

Policy instruments and economic incentives

Industrial water management strategies with the intention t.o minimize water
consumption and minimize wastewater generation, and to improve water
productivity. can be either internal or external. Internal strategies are those measures
that are required to be taken at a factory level in order that water consumption and
wastewater generation are controlled. These measures as described above can be
taken more or less independently of external strategies.
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External strategies are measures that are required at the industry level, or are taken
in the context of local, regional or national water management in industries.
Generally, the factory management does not control these strategies, although in
most cases some measures are required at factory level in response. The nature and
number of a particular type of industry present in a locality or a region can
significantly influence these strategies. Some of these strategies are summarized as
follows:
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1. Grouping of industries in a particular site (industrial parks) and having
combined treatment methods and reuse policies.

2. Rationing or target-setting for water use within industry, so that each process
uses a defined quantity of water.

3. Applying economic instruments such as penalties, water charges, subventions,
credits and grants.

National water conservation policy, also called water demand management, is the key
factor in water recycling and reuse in industries. It forms an important component of
national water efficiency plans. In some developing countries, industry is not
charged for water nor for wastewater services; in other words, both industrial water
withdrawals and wastewater discharges are still free and unregulated. Both regulation
and the imposition of stepped water tariffs according to the volume of water used are
key instruments for governments to use in these situations. Compliance with
stringent effluent requirements can force industries to implement new technologies
to reduce effluent discharges. Fines for non-compliance and the threat of closure for
repetition of non-compliance can also significantly achieve higher recycling and
reuse. Higher charges for raw water can be applied to industries using large volumes
of water. An example can be seen in Singapore, which levies a 15 per cent water
conservation tax on operations using more than a specified amount, and new
factories needing more than 500 m3 of water per month must apply for approval from
the City Council during the planning phase. A fertilizer plant in Goa, India cut water
demand by 50 per cent over a 6-year period in response to higher water prices. Dairy,
pharmaceutical, and food processing industries in Sao Paulo, Brazil reduced water
use per unit output by 62 per cent, 49 per cent and 42 per cent respectively.'

Given proper incentives, it is generally found that industry can cut its water demand
by 40 to 90 per cent even with existing techniques and, practices (Asano and
Visvanathan, 2001).' However, water conservation policies need to be fair, achievable,
and enforceable. Economic incentives should be given to industry to comply with
standards and policy and to reduce raw water intake. Furthermore, such incentives
could include:

• Subsidies for industries implementing innovative environmental technologies,
and

• Financial and advisory support for industries funding new research.

Both regulatory policies and economic incentives can dramatically increase industrial
water productivity. They often go hand-in-hand with policies for redUCingwastewater



discharge and industrial water pollution, which leads us to the second major
opportunity for industrial water use: zero discharge.

3.2. Opportunity #2: closing the loop with zero discharge

Zero discharge is a key target both for reducing water withdrawals by industry, and
for reducing pollution to the environment. All the effluent that would normally be
discharged is treated, recyded or sold to other users. Without going into detail, I wish
to note that there are a range of techniques which can be used to facilitate moving in
this direction, induding:

» stream separation
» raw material recovery from waste
~ energy recovery from waste
~ reuse of waste (in a different form)

Reducing the volume of effluent discharged back into the water environment by
industry is essential to dosing the gap that exists between water withdrawals and
actual water consumption, as we noted earlier. Once no more water is discharged
from an industrial installation, its overall water consumption will equal its water
withdrawal from source. In practice, this means that water withdrawals by industry
will gradually dedine, as levels of water recyding increase, down to the point where
withdrawals equal consumption. This process has already begun in Europe, as we
saw in Figure 4a, which showed by the dedining water withdrawals by industry over
the past 25 years. Moving towards zero discharge can be done at the level of the
individual enterprise; at the local level (say by a group of companies operating in an
industrial park); or at a district or municipality level .

. The city of St Petersburg in Florida, USA, is the first municipality in the world to have
achieved zero effluent discharge to its surrounding surface waters. Situated on a bay,
which is a major tourist attraction, the city has laid an extensive dual-reticulation
system. All the domestic and industrial wastewater generated is treated to a high
standard. The reclaimed water is then reused for irrigation and industrial cooling
applications by thousands of customers, accounting for nearly half of the City's water
needs of 190 Ml/ day. By substituting redaimed water for potable water in many
applications, the city has eliminated the need for expansion of its potable water
supply system until the year 2030. Equally importantly, there is no pollution of the
beaches and marine ecosystems by municipal wastewater, and no unsightly sea
outfalls.

It should be noted in this context that irrigating city parks or agricultural land counts
as reuse of water, as these are applications where more freshwater would have been
taken out of the natural cyde, had the wastewater not been available for use. It is not
counted as discharge. However, strictly speaking, some of this water might seep
through into groundwater and run off into streams and drains. On balance, irrigation
of land with wastewater is a technology, which purifies wastewater and can be
regarded as an additional and sustainable treatment step.
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Materials recovery and waste reuse

There is a growing understanding worldwide that we need to find ways to make our
industrialized society more cyclical in its use of materials and resources. At present
the uses of materials and other inputs to industrial processes (such as energy and
water) are primarily linear. Resources are mined. products are manufactured, wastes
are generated and then disposed of at the end of the process. The products
themselves sooner or later end up as waste to be thrown away. At present much
environmental protection is still based upon "cradle to grave II thinking. By contrast,
the "cradle to cradle" concept is a vision of cyclical flows of materials. The materials,
which go into making up products could be reused over and over again, if products
are designed in such a way as to facilitate materials recovery. This approach seeks to
eliminate the whole idea of waste, and hence it is much closer to the way things are
done in nature.

The "cradle to cradle" type of thinking is developed through initiatives such as
chemical leaSing, whose business model is based upon providing a service rather
than selling a product. The chemicals remain the responsibility of the chemicals
leasing firm, while the customer, the industrial enterprise, purchases services such as
cleaning, coating, colouring and greasing. This business model aligns the incentives
for both the customer and the supplier to reduce the amount of the chemical used.
The implication for industrial water management is that much more attention is paid
to ensuring that the chemical in question does not enter the process water streams in
the first place, or is efficiently stripped out again if it does.

In order to recycle or reuse materials effectively from waste streams the various
material flows to be kept as distinct as pOSSible,according to the principle of stream
separation mentioned earlier. This may require process re-design or modification.
Developing products and markets from waste streams can also require innovative
product deSign. The clear benefits here for water management are through redUCing
the effluent load. A case study of cheese production in EI Salvador provided by
UNIDO demonstrates this very effectively.

A typical dairy company in El Salvador was using 10 litres of milk (and about
80 litres of water in the process) in order to produce one kilogram of cheese. Nearly
9 litres of whey were produced as a byproduct, and were simply discharged into the
wastewater. Whey is a highly concentrated organic liqUid, containing proteins and
lactose. Large dairy companies use ultra-filtration plants to produce pure lactose,
additives for ice cream and other food products from this byproduct. However, this
technology is not affordable for small and medium-sized companies.

The solution proposed by the National Cleaner Production Centre in EI Salvador was
to process the whey in order to produce a marketable whey-fruit drink. Such drinks
are available on the European market and are popular with consumers. No additional
investment was required by the company in order to process the whey. The estimated
benefits were found to be as follows:

• 11.5 per cent reduction in the volume of wastewater
• 40,000 mg/l reduction in BOD level in wastewater



• 60,000 mg/l reduction in COD level in wastewater
• US$ 60,000 per year saving in wastewater treatment costs

Other dairy companies in EI Salvador are starting to produce this product, and
similar programmes are being developed in Guatemala and Mexico. This case study
shows that there are substantial financial benefits to be found in waste recovery,
hand-in-hand with the goals of reducing pollutant loading and wastewater discharge.

Towards zero discharge

Implementing zero discharge to the water environment ensures that water once used
by industry must stay within the technological cycle, except for that fraction which
evaporates and is thereby returned to the natural water cycle, free of contaminants.
Through zero discharge, abstraction of water from the natural water cycle is kept to a
minimum. The water, which is abstracted is reused over and over, or consumed in
various ways. There should be no residual effluent or wastewater, which needs to be
disposed of to a river, to a stream, or to a marine outfall. In this way we are protecting
the environment, ensuring our future water security, and maximizing industrial water
productivity at the same time.

Figure 5. The natural water cycle and the technological water cycle
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Going "all the way" to zero discharge places great emphasis on water recycling and
water reuse within the factory or enterprise. The cleaner the wastewater stream, the
simpler and cheaper are the treatment methods that need to be applied in order to
reuse it. However, often there are Simply not the resources, nor the applications
within one single enterprise, or within a group of enterprises, where lower-grade
water can be treated and reused. Also, economies of scale can be achieved by treating
larger volumes of wastewater. In these situations, achieving zero discharge on a local
or district level requires the building of partnerships and linkages between industries
and local government, and also may necessitate some innovative financing
mechanisms.
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4. Conclusion
Of course there are many intermediate steps to be taken to reach the ultimate goal of
zero discharge, just as there are varied mechanisms, which will improve and increase
industrial water productivity over time. Many policies and regulatory strategies need
to be worked out in order to implement the vision; much research and development,
innovation, and technology transfer needs to take place; and partnerships aiming to
achieve these ends need to be built and strengthened, locally, nationally and
regionally. These will be the subject of other papers and workshops during the course
of this conference. However, I trust that this paper will have set out some of the
fundamental challenges for the technology foresight process and the decision-
making: how precious our freshwater is; how industry has a major responsibility and
a major role to play in protecting and conserving this resource; and finally, how close
at hand are the opportunities that we have to ensure our future water security and
the sustainability of water use in industry.

Notes

I Kuylensticrna J. and Najlis P., "The comprehensive assessment of the freshwater resources of the
world - policy options for an integrated sustainable water future", Water International 23(1), 17-
20, 1998.
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Introduction
It is difficult to overestimate the importance of water for the survival of humanity. As a
result, numerous organizations and scientific communities frequently discuss the issue
in specialized papers at conferences and at high level ministerial meetings,
Every year over several million papers and at least five or six scientific/industrial!
international conferences and symposiums are organized concerning the industrial use
of water. The list of international worldwide conferences carried out during recent years
is attached in Annex I.

Notwithstanding the intense interest, real progress in increasing water productivity is
very limited. There are many reasons for this situation: the most important is that the
water cycle (USGS, 2005) is one of the most complex systems and water has many uses
influencing iife in significant ways. Therefore, progress may be expected .if an analytical
review of every important use is carried out in relation to the overall water cycle, paying
particular attention to the likely future uses.

This paper discusses the industrial uses of water and considers projections for increased
future consumption. As a result, it is hoped that there will be some progress in
increasing industrial water productivity.
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1. Industrial Water Systems
1.1. World Water Resources and Main Consumers

The United Nations hydrological investigations from the early seventies (Shiklomanov,
A., 1974) were well organized and conducted in a systematic way. This resulted in the
establishment of a list of numerous variables (over 70) collected by national authorities
under the guidance of international methodologies.
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1.1.1. Value of Statistical Data

It is not the purpose of this paper to evaluate water resources and all its main uses. In
principle the amount of water on the earth is stable. The only change is the increased
total withdrawal of water from circulation as a result of consumption by various uses.
However, in discussing industrial water use and its productivity, it is necessary to have a
view of the total water assets, and to analyse the proportions between the various uses
and the consequences of water withdrawal.

Statistical data on water resources are derived from national statistics. The UN, World
Bank, FAO. UNICEF have made large scale efforts to achieve uniformity and credibility
in the published data (UN, 2005). During the late 1990s and in the first decade of
present millennium they carried out numerous workshops, conferences and prepared
guidelines to improve the quality of water statistics. Some of the international
organizations active in the field are reported in Annex II.

Despite these efforts, not all data are compatible and comparable for use in qualitative
analytical exercises. As a rule, water systems are superVised by several national
authorities who investigate hydrology and consumption in different ways.

Therefore, the statistical data are of limited use as can be seen by analyzing published
data from different sources. In this paper, the source of information on hydrology and
uses of water is primarily based on AQUASTAT data (AQUASTAT FAO) wherever
available.

1.1.2. Definitions

The FAO has cited, in its description of the different aspects of the water cycle, about
50 variables (European Commission; European Environmental Agency) of which the
majority are of hydrological importance. For the purpose of discussing industrial water
productivity, several variables must be used, therefore a list and definitions of the most
important variables is given below.

1.1.2.1. Actual Renewable Water Resources - ARWR (total and per capita)

Total Actual Renewable Water Resources (ARWR) is the theoretical maximum amount of
water actually available for each country. It is the sum of Internal Renewable Water



Resources (IRWR) and External Renewable Water Resources (ERWR), which is the
inflow from upstream countries and border lakes or rivers. ERWR may be positive or
negative depending on the flows.

The amounts given in statistical tables for countries cover the period from 1960-2005 and
only one number, the most recent, is given. Updating is carried out when the FAO
conducts locai studies. The value is given in km'/year or 109 m'/year.

Per Capita ARWR is a value of ARWR on a per capita basis and is calculated using the
2006 UN Population Division estimates, The value is given in m3 per year per person.

The information provided by these numbers should be analysed with care because not
all water included in these amounts is accessible to humans. It is derived troln water
cycle analysis and comprises the content of all rivers, lakes and underground water.

1.1.2.2. Internal Renewable Water Resources - IRWR (total and per capita)

Total Internal Renewable Water Resources comprises the value of the average annual flow of
rivers and recharge of groundwater generated from endogenous precipitation. Natural
incoming flows originating from outside of a country are not included. IRWR is
calculated in the following way:

IRWR= surface water resources + groundwater resources ~overlap

Data were collected from 1960-2005 and are given as one number.

Updates are made when the FAO conducts local studies. The value of IRWR is given in
3 3'

km per year or 109 m per year.

Per Capita IRWR is a value of IRWR on a per capita basis calculated using the 2006 UN
Population Division estimates, The value is given in m3/per capita.

The information provided by these numbers should be analysed with care because not
all water included in these amounts is accessible to humans. It is derived from water
cycle analysis and comprises the content of all rivers, lakes and underground water.

1.1.2.3. Water Withdrawals (total and per capita)

Annual Total Water Withdrawal (ATWW) is the gross amount of water extracted from any
source, either permanently or temporarily for a given use, It includes consumptive use,
conveyance losses and return flow. Data presented by the World Resources Institute are
the most recent values originating from a period from 1998-2002. The total water
withdrawal is the sum of estimated water use by the agriculture. domestic and industrial
sectors. The value of ATWW is given in km' per year.

Per Capita ATWW is a value of ATWW on a per capita basis calculated using the 2006
UN Population Division estimates. The value is given in m3/per capita.
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The water withdrawal is the sum of estimated water use by the agriculture, domestic and
industrial sectors.

Percent of Water Withdrawals Used for Agricultural Purposes is estimated on the basis of the
special methodology developed by the FAG. The sectoral share is calculated by dividing
agricultural water withdrawals per year by the annual total water withdrawals. The
information was compiled by AQUASTAT in 2003 from a period of 15-25 years. The data
presented by the World Resources Institute are the most recent. The information is given
in per cent share value.

Percent of Water Withdrawals Used for Domestic Purposes is collected from national
resources or international research centres or FAO special studies. The sectoral share is

. calculated by dividing domestic water withdrawals per year by annual total water
withdrawals. AQUASTAT has scaled the data according to the COP per capita assuming
the full proportion in the increase of the water withdrawal and COP per person growth
for developing countries. For the high income countries a decreasing proportionality
factor is used. The information is given in per cent share value.

Percent of Water Withdrawals Used for Industrial Purposes refers to the proportion of total
water withdrawals that is allocated to industrial use. The current AQUASTAT database
provides data per 5-year period if available. Data presented by the World Resources
Institute are the most recent. The industry sectoral share is calculated by dividing
industrial water withdrawals per year by the annual total water withdrawals. AQUASTAT
has linearly scaled the increase of industrial withdrawals according to increase in CDP
for developing countries and as flat for high income countries. The information is given
in per cent share value.

Consumptive Use is an irreversible loss of water from water withdrawal from a given water
flow or basin. This water may be evaporating in the recycling system, or used as solvent
in products and drinks, or as moisture content in various products etc.
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Consumption Coefficients (direct or cumulative) are the units of use of a given resource per
unit of variable analysed. The consumption coefficient may be direct or cumulative.

The direct consumption coefficient relates to one analysed product, while the cumulative
consumption coefficient relates to a final product obtained in the sequence of raw
materials and intermediate products, and is given as multiple of the direct consumption
coefficients of the products from the analysed sequence.

Wastewater is the portion of withdrawn water which has been polluted by industrial use
and must be treated to the regulatory levels before reaching other water sources.

Water Productivity represents the ratio of value of the withdrawal of water, expressed in
m3 (or in m3 per capita), to the value of output from the industrial activities using this
water, expressed in monetary terms. The value of output may be measured in industrial
value added or CDP per capita (when macroeconomic patterns are discussed).



The amount. of water used by a given industrial process is defined as direct water
productivity. In the case when the consumption of water is related to the complete
industrial process, from raw materials to consumers products, then this water
productivity is defined as extended (cumulative) water productivity (or sometimes
tecbnological water productivity).

1.1.3. Water Resources and Main Consuming Outlets

Tables 1 and 2 below present water resources by regions as well as the water withdrawal
by sectors of use as reported by the FAG (World Research Institute, 2006).

Table 1. Regional Water Resources (Internal Renewable Water Resources)

Region IRWRkm'/year
% of world fresh
water resources IRWRper capita in 2003 m'

Africa 3.936 9.0 4.600
Asia 26.6 3.000
Latin America 13,477 30.9 26,700
Caribbean 93 0.2 2,1,00
North America 6,256 14.3 19,300
Oceania 1,703 3.9 54,800
Europe b,603 15.1 . 9,100
World total 43,659 100.0 6,900

Table 2. Regional Water Withdrawal and Use (FAD, 2003)

Total Domestic Industrial Agricultural Withdrawal as
withdrawal withdrawal withdrawal Withdrawal %of

Region km3/year km3/year km3/year km3/year IRWR

Africa 215 21 9 184 5.5
Asia 2,378 172 270 1,936 20.5
Latin America 252 47 . 26 78 1.9
Caribbean 13 3 1 9 14.4
North America 525 70 252 203 8.4
Oceania 26 5 3 19 1.5
Europe 418 63 223 132 63
World total 3,830 381 785 2,264 8.8

The method of analytical evaluation is related to the 2nd UN Water Conference from
March 2006. There is a clear relationship between industrial water use as a function of
industrial development and income. The data for 2003 are given in Table 3 (AQUASTAT
FAG).
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Table 3. Industrial Water Withdrawal

Region I income status Total use m' {per capita/year Industrial as % of total

World 632 20
Developed countries 41
Developing countries 11
High income 970 44
Low income 556 5
Middle income 20

The projections of future water demand growth assume both growing populations and
the development of industrial structure in low and middle income countries. The
projections assume an overall growth of up to 20 per cent of total withdrawal for
industrial water, and growth in domestic use with growing population. The expected use
of water for industrial purposes reported by the World Bank in 2001 was
1170 m'/year/per capita worldwide.

It is not the purpose of this paper to produce projections of industrial water use, given
among other things the imperfect statistics and the various definitions of water use. This
paper is concentrates on the possibilities of saving water and increasing water
productivity.

1.2. Industrial Water Systems (UNESCO, 2006)

Raw water originates trom withdrawals from rivers, lakes and deep underground water
sources. The majority of the water is a renewable resource except wastewater, which
when it is not fully utilized, can be the reason for excessive raw water use in adjusting
wastewater quality to the legislated concentration level of the pollutants. The cycle of
industrial water treatment is shown on Figure 1.

Raw water from a source is clarified by means of sedimentation, filtration and partial
chemical treatment to adjust its quality to the requirements of the unit processes
operated in a given industry. In most cases, the impurities comprise organic matter and
sometimes living organisms and, in almost every case, include calcium, magnesium and
other salts. Even from the start of consumption, the treatment of industrial water
produces waste, for example simple filtration at the intake point may produce waste from
living organisms. Oxidation treatment with ozone and chlorine in principle acts in a
bacteriological way by coagulating the organic matter allowing further filtration. The
calcium and magnesium salts are removed to acceptable levels by combined treatment
with acids, soda and calcium oxide. This process produces sludge which after
sedimentation and filtration produces waste materials. The third level of water
purification is ionic treatment using cationic and anionic resins as ion exchange carriers.
The ion exchange resins require regeneration by treatment with acids and salts which
again produce a certain amount of wastewater.



There are numerous companies specializing in water treatment processing providing the
necessary know~~ow, equipment, and special water additives to reduce the amount of
wastewater originating from water treatment. These companies have grown to become
significant factors in the industrial water market and are the reason why more and more
industrial water conSumers are outsourcing their industrial water treatment needs.

Figure 1. Sequence of Industrial Water Treatment
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and Treated Water
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Before presenting the basic. data for the detailed assessment of industrial water
productivity, several comments are necessary to clarify the value of the information as
well as the validity of the projections.

1.2.1. Industrial Structure

Regional industrial structure is no longer stable. The impact of globalization on water
withdrawal and use (Pacific Institute, 1998) starting in the early 1990s, was not
considered in earlier projections. In high income countries, the development of
secondary industries and the information / communication sectors influenced industrial
water use by stabilizing or even decreasing it. Moreover, legislation governing access to
water and its use, in particular reducing the amount of wastewater and the concentration
of pollutants, has also led to stabilized or reduced consumption. However, the expected
feature of the Kuznets function (UNESCO, 2006) has not yet been clearly observed.

On the other hand, many primary industries using large quantities of water have moved
to developing countries. Furthermore, accelerated industrialization of large countries
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such as China, India, Indonesia, etc. has increased the use of industrial water in those
areas.

1.2.2. Water Recycling and Recovery from Wastewater

The majority of statistical data on water withdrawal and use do not include the amount
of recycled water. The recycling of cooling water is typical for large scale industrial
establishments in high income countries, in particular in power generation. although
many countries are now using direct water for cooling purposes. Therefore. the true
water consumption on a macro scale can not be assessed and compared.

1.2.3. Technological Water End Use

It is very rare that the upper management levels of a chemical company would question a
plant's water consumption. Before the construction of a chemical plant during the design
period, the local government would impose conditions concerning the water use of the
future plant. In the majority of cases this would follow the national guidelines and
legislation, perhaps adding some local requirements. The majority of chemical processes
require from 10 -120 m' of cooling water per ton of product. When the current price of
water varies between 5 -15 cents per m3, this means that less than US$ 20 is charged per
ton of product. This is from 1 per cent - 5 per cent of the price for the majority of
chemicals.

There are many other cost elements more critical for the price of the product which
require managements' attention. However, in a macroeconomic sense, the unit water
consumption in a process does not reflect the true :value/cost of water for the chemical
industry. The cumulative branch cost should be evaluated to decide what water
consumption controls should be applied and what options are available for water
savings.

The results of such an analysis should be the only criteria for approving the operation of
a chemical plant, both by the local authorities and the investors. In this paper the
cumulative branch coefficients of water consumption, both as physical and cost
parameters. are assessed and compared with the value added.

This assessment shows that water is a valuable resource and requires the attention of the
management with regard to production profile and process selection. The cumulative
consumption is also important for the future development of industry, due to the
scarcity of water resources in many regions,

The chemical industry should be an example for the analysis of water use in other
branches of industry. This should indicate the macroeconomic value of water in the
national economy for today's operations as well as for future development, in particular
for countries where industrialization is still in its early stages,
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1.2.4. Dependence of Utilities on Water Use

Countrywide statistical data usually presents the total use of industrial water (World
Bank, 2001). However part of the industrial water is in fact for domestic or agricultural
use. All energy produced by power stations is divided between industrial, domestic and
agricultural use. Therefore, water used to produce each kWh (about 10m') is also divided
between different uses, which is not shown in the statistics. Also, statistics on industrial
water use by certain technological processes do not reflect the full amount of water used,
which comprises direct and intermediate use from the production of electrical energy,
steam, neutral gases, compressed air ere. In this concept, all high energy consuming
processes (electrolysis, electrothermic etc.) are also high water consuming processes, but
only through the consumption of the power station. This is not reflected uniformly in the
statistical data, and sometimes energy production is noted parallel to industrial use. In
other cases, e.g. when bottled water is produced, it is noted as industrial use when it
actually goes to domestic use.

Therefore, management when assessing water demand by a certain technology may not
be fully aware of the consequences of a given production process. When strategic
decisions are taken, the water use by the whole network of industrial processes from
basic raw materials (crude oil, natural gas, mineral ores etc.) to the final consumer
product (e.g.. fertilizers, plastics tuhes, films etc.) should be considered. Several examples
are given in Table 4 showing the difference between the full network and individual
water consumption.

Table 4. Comparison Direct and Cumulative Water Consumption

IPetrochemicals Direct m'/t Cumulative m'It
LLOPE 160 446
HDPE 157 472
pev 30 668

PS 78 110

I Fertilizers Direct m'/t Cumulative m'/t
Urea 80 124

AN 6 137
DAP 10 16'

1.2.5 Anthropogenic Changes in Global Climate and Water Resources

The projections of the withdrawal and use of water, which were begun in an organized
way in early 1970s, were based on the assumption of stable climatic conditions. In that
period, the existing information about global warming was ignored by politicians and, in
particular, by hydrological academic institutions, notwithstanding the Kyoto agreement.

However, in recent years obvious climate changes, in particular worldwide and regional
temperature increases, have attracted attention and hydrologists have discussed different
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scenarios involving the expected impact of climate change. Obviously there is not a
common position regarding the qualitative parameters of global warming resulting in the
increase of average temperatures. However, the rational position proposed by
Shiklomanov 26) is convincing enough to be widely accepted.

First, it should be stated that the annual trends of the general water cycle will remain
unchanged as it is not possible to change the general water circulation on the globe.
What is significant is that large scale seasonal changes are predicted which will have an
impact on water management principles and practices. The occurrence of droughts and
flooding will change the water availability for all uses, including industrial use. In a
period of draught water would not be available, and in a period of flooding water would
be wasted due to limited potential storage capacity. Also the quality of water in a period
of flooding is basically different from that in normal river or lake conditions. Therefore,
all projections should be revised considering the predicted new patterns of water
availability. This will lead to completely new principles of water management. In
particular, industry should take a lead in developing new methods of water use, which
will obviously change not only patterns, but also water cost.
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1.2.6. Impact of Population Growth

The withdrawal of water in comparison with lWRI and AWIRI in many countries is at
safe levels. However, a large number of countries are at a critical level. These are
countries, such as India or China, with population growth in the range of I per cent·
2 per cent annually. Even if water withdrawal for irrigation purposes remains stable, the
demand for human use and industrial use will expand with the population growth as well
as with industrial development. The demand for water with growth of population and
industrialization may not be linear, considering achievable health levels and standard of
living as well as outsourcing the majority of high water consuming industries to
developing countries. However, these principles are not valid for all periods: the
population since1950 has doubled while water consumption has tripled.

1.3. Sources of Industrial Wastewater and Treatment

1.3.1. Sources of Wastewater

There are many sources of industrial wastewater (UNCSD, 2004) and they ani
differentiated by unit amounts, composition and origin. They may be classified as follows
as wastewater from:

a. industrial water supply
b. industrial water recycling
c. direct use of industrial water
d. process waters
e. rain harvesting by sewage systems



In Europe there are over 2400 wastewater treatment plants and numerous small size
treatment facilities for small and medium size industries. Everyone has certain
particularities related to the properties of waste incorporated in the water. According to
EU regulations for the standards for wastewater, 40 industrial categories are recognized
with limits regulating the discharge of 120 pollutants.

A standard water treatment plant consists of at least four processes:

primary treatment to remove coarse floating materials
chemical treatment to remove inorganic impurities
biological treatment to remove organic derivatives
disinfection treatment to remove microbes

1.3.2. Treatment Processes (ECOPROG.2006/2007)

Every st.age of t.reatment. has a combination of necessary unit processes. The basic
treatment processes used to remove certain pollutants are given in Table 5 below.

Table 5. Treatment Processes to Abate Systemic Pollutants

I Pollutant Treatment Processes

Bio-Chemical Oxygen Dema~d Activated sludge Aerated lagoon
Trickling filter or Rotating Biological Oxidation ditch
Contactors (RBC)

Total Suspended Solids Sedimentation Flotation
Screening Chemical precipitation

Nitrogen Nit rifi cation/ de n itrifi catio n Air stripping
Breakpoint chlorination

Phosphorus Chemical precipitation Air stripping
Biological treatment

Heavy metals Biological treatment Evaporation
Chemical precipitation Membrane process

Fats/oils and greases Coagulation Flotation
Biological treatment Membrane process

Volatile Organic Compounds Biological treatment Air stripping
Carbon adsorption

Pathogens Chemical disinfection UV radiation

The treatment processes have critical operation parameters which should be adapted to
particular wastewater qualities as noted in Table 6 below.
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Table 6. Critical Operation Parameters of Wastewater Treatment Processes
Treatment Process Critical Operation Parameters
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Screening Build-up on the screen, clogging
Sedimentation Flow rate, short circuit of flow, absence of sludge, scum removal

system
Centrifuging Overload, clogging, water flooding
Air stripping Blocking of piping, freezing problems
Neutralization pH monitoring, feed ratios, mixing
Precipitation Feed system, mixing, contact timer
Coagulation Feed system, mixing, contact timer
Adsorption Regeneration system,
Disinfection Feed system, mixing timer
Activated sludge Aeration bubble size, air distribution, concentration monitoring

uniform distribution
Trickling filter Positive air circulation, filter media dosing
Rotating biological contactors (RBC) Steady shaft rotation

The typical wastewater pollutants by category of industry are given in Table 7 below.

Table 7. Water Pollutants in Selected Industry Categories

Industry Wastewater Pollutants Treatment Process

Textile BOO, TSS. alkalinity Neutralization, chemical precipitation,
biological treatment

Leather Goods BOD TS5, chromium Sedimentation, biological treatment
Laundry Alkalinity, BOD, turbidity Screening, chemical precipitation, adsorption
Detergents BOD, saponified products, soaps Flotation and skimming, chemical

precipitation
Brewed Beverages BOD Centrifuging, biological treatment
Meat & Poultry BOD Screening, sedimentation, biological

treatment
Bakeries BOD, FOG, detergents Biological treatment
Soft Drinks BOO, TSS, alkalinity Neutralization, screening, biological treatment
Pharmaceuticals BOO, organic compounds Evaporation, drying
Pulp and Paper High/low pH, T5S, inorganic

compounds
Sedimentation, neutralization, biological
treatment

Metal Plating Acidity, heavy metals Neutralization, sedimentation, chemical
precipitation

Plastics and Resins High/low pH, volatile organic
compounds, TSS

Neutralization, evaporation, biological
treatment

BOD'" biological oxygen demand
FOG'" fats, oil and grease
TSS'" total suspended solids

Such different processes and mixtures of pollutants require specific chemicals for
treatment processes. There are more than 400 chemical products used in wastewater
treatment in medium and large tonnages. Beyond this, there are more than
1200 chemicals used in the analytical testing of different stages of wastewater treatment.



The categories of these wastewater treatment chemical products (ACCEPTA, 2007) are as
follows:

Inorganic coagulants
Organic coagulants
Antifoamersl defoamers
Anionic polymers
Cationic polymers
Enzymes
Microbes
Cationic flocculants
Anionic flocculants
Liquid anionic polymers
Liquid cationic polymers
Odour control chemicals 1 adsorbents.

1.3.3. Standards for Wastewater Treatment

There are many standards for wastewater treatment and some are legally accepted by
Agenda 21 (Chapter 18) and EU directives: 93/793 EEC and 76/464/EEC. In regard to
water treatment systems the following standards are considered:

Industrial water use WP-8
(indicator measures total wate~ abstraction by industries)

Water pollution and water resources pressure WP5B
(indicator measures the ratio of t.otal wastewater treated to total water quantity
used by industries)
Water pollution and water resources WP5
(indicator measures quantity of wastewater treated to total wastewater collection)

In the USA the EPA regulations (US EPA, 2006) stated by the Clean Water Act establish
effluent limitations, guidelines and standards, in particular:

Best Conventional Pollution Control Technology (BeT)
Best Practicable Control Technology Currently Available (BPT)
Best Available Technology Economically Achievable (BAT)
New Sources Performance Standards (NSPS)

1.4. Depletion of Water

There are many definitions used in the description of water systems. The principal factor
in water system analysis is the withdrawal at water tram local resources. This parameter
provides the proportion between the estimated amount of the resource and the periodic
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(e.g., annual) use of water. Withdrawal statistics are collected and some are presented in
Table 3 above.

Withdrawal is limited by depletion of the water resource. In other words, the amount of
withdrawal diminishes the resource. The country (regional) industrial water consumption
indicator shows net use of water by local industry. In the majority of cases industry uses
more water than officially shown by the statistics of withdrawal for industrial purposes
(process water, cooling water. intermediate energy carrier ete.) The gross consumption of
industrial water includes recycled water (cooling towers), rain harvesting and sometimes
wastewater used after treatment. The water cycle on the Earth is closed which means that
amount of water on Earth is fixed. However, only 0.1 per cent of the water present on the
Earth is accessible to humans and this portion of water also is included in the water
cycle. However water depletion occurs because of human activities. The reasons for this
phenomenon are discussed widely at hydrological conferences and other meetings
related to the changing environment and sustainable development.

Areas under the risk of depletion, or already under the process of depletion, are not
suitable for industrial development without measures to return water back to water
sources in these locations. This means in these areas that, at present, sustainable
development can not be achieved. A list of depleted resources or those under depletion
(Earth Policy Institute) are given below (Tables 8, 9 and 10). This list highlights only large
scale areas with water scarcity, but perhaps in every country in Europe there are villages
or small towns under similar water stress. Therefore, the location of industries together
with the benefits of local increases in manufacturing value are limited to areas with water
availability.

Table8. Major RiverSystemsunder Stress

River or Water Basin Depletion Features

Amu Darya and
Syr Darya
(Kazakhstan, Uzbekistan)

Diversion of the flow of these two rivers and intensive use for irrigation
purposes has reduced the area of the Aral Sea by 75% and the nearest sea port
is 150 km from the water side. The Aral Sea is divided into two small lakes.

Colorado River (USA) Water from the Colorado River is withdrawn and during the year rarely travels
all the way to the Gulf of California.

Fen River{China) The Fen River has disappeared due to the source springs drying up and the river
no longer reaches the Yellow river.

Ganges (India) 450 million population has nearly drained the Ganges basin.
Indus (India, Pakistan) The Indus River rarely reaches the ocean because of intensive irrigation.
Nile (Sudan, Ethiopia, Egypt) Following the doubling of the population in Sudan and Ethiopia predicted by

2050, the Nile will not reach the Mediterranean Sea.
Yellow River (China) In 1997 because of drought, the river did not flow for 265 days.

Table9. Depletion of Major Aquifers

Basin Depletion Feature

North China Plain (China) Water table falling by 2 - 3 m per year.
Southern Great Plains (USA) Ogalla aquifer is drastically shrinking and irrigated areas in Texas,

Oklahoma and Kansas are endangered.
Punjab (Pakistan) Water table falling in three provinces.



Punjab, Haryana, Rajasthan, Andra Pradesh,
Maharashtra, Tamil Nadu (Indi(l)

W(lter table falling 1- 3 m per year. Extraction is double the
recharge.

Chenaran Plain (Iran) Water tdble was falling 2.8 m per year but after drilling to supply
City of Mashad dropped by 8 m.

Yemen (whole country) Water level dropped by 2m and In Sana region by 6 m per year.
State Guanajuato (Mexico) Water table falling 1.8- 3.3 m per year.

Table 10. Disappearing Lakes and Shrinking Seas

Lake or Sea Depletion Features

Aral Sea (Kazakhstan, Uzbekistan) Aral Sea lost 1/5 of its water from 1960.
Baikal (Russian Federation) Lake Baikal contains 1/5 of the Earth's fresh water and is polluted by

disch(lrges of chemicals from a large industrial complex making paper.
Lake Chad (Chad, Niger. Nigeria) Lake shrunk from 23,000 kml to 900 km1 and is now entirely inside the Chad

borders.
Lake Chapala (Mexico) Lake lost 80% of its water, level dropped 4 m and size from 10Ml km1 to

812 km1 due to the use by 5 million people from Guadalajara.
Dal Lake (India) Lake shrunk from 75 kmi to 25 km1

, level dropped by 2.4 m parallel to rivers
from Kashmir Valley.

Dead Sea (Israel) Lake level dropping 1 m a year and length shrunk from 75 km to 55 km and
divided into two smaller lakes.

Dorian Lake (Greece, Macedonia) Lake level dropped 3.5 m and is only 1.5 m deep transforming itself into
marsh.

Sea of Galillee (Israel) Lake shrinking and becoming salty.
Man Char Lake Diversion of Indus deprived lake of water, lake became salted and fisheries

were depressed.
Lake Nakuru Kenya Lake shrunk from 68 km1 to 37 kml and is very polluted due to lack of sewage

treatment.
Lake Owens (Callfomia) Total area of 518 kml became dry due to the diversion of flow to Los Angeles.

The dust from lake is dangerous for the city.
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2. Economic Features Of Industrial Water Use
2.1. Industrial Water Consumption by Country and Industry

Water consumption can be assessed from two different aspects:

a. Macroeconomics, which considers the water withdrawal by industries in a given
country by amounts as well as percentage of the total water withdrawal
(Table 11);

b. Microeconomics, which considers the water use in a given branch of industrial
production (Table 12).

Comparison of these two aspects is very difficult because of differences in statistical
methodology as well as the multiple technologies of production (European Commission,
2006). Also frequently final product consumption only is taken into account and omits
the amount of water used for the treatment of raw materials and intermediate products.

Table 11. Macroeconomic Information on Water Use by Country in Europe
(AQUASTAT FAO)

Country ARWRkm'
Withdrawal

km'/year
% of Industrial

Withdrawal
Albania 41.7 1.71 11
Austria 77.7 2.11 64
Belarus 58.0 2.79 47
Belgium 18.3 903 86
Bulgaria 21.3 10.50 78
Czech Republic 13.2 2.58 57
Denmark 6.0 0.017 25
Estonia 12.8 0.158 38
Finland 110.0 2.476 84
France 203.7 39.69 74
Germany 154.0 47.05 68
Greece 74.3 7.77 3
Hungary 104.0 7.64 59
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Ireland 52.0 113 77
Italy 191.3 44.37 37
Latvia 35.4 0.30 33
Lithuania 249 0.27 15
Moldova 11.7 2.31 58
Netherlands 91.0 7.94 60
Norway 382.0 2.19 67
Poland 61.6 16.20 79
Portugal 68.7 11.26 12
Romania 24.9 23.18 34
Russia 4507.3 76.68 63
Spain 111.5 35.63 19
Sweden 174.0 1.04 54
Switzerland 53.5 2.57 74
UK 147.0 954 75
Europe 7771.3 418325 53



Table 12. Microeconomic Information on Water Use by Industry

Industry Unit Reference Water Consumption m'tunit

Soft drinks m' 1.3 3.8
Beer m' 55 7.1
Cheese 4.2 5.8
Edible oils 5.3 7.7
Brick 15 30
Cement 3.8
Laundries 9.0
Leather tanning 40 67
Polymers 1.7 37
Paper 3,
Semiconductor wafers m' It 546

Textile 600 800
Steel 3 62

The differences in the ratio of water withdrawal for industrial purposes should be
dependent on the existing industrial structure in each country. For the purposes of
qualitative measurement, this should have an obvious impact on the relationship
between the tvfVA and water withdrawal. However this relationship is not strictly
quantitative.

The published data are given for the industrial MVA and the total MVA for given country
(World Bank, 2001). The data for Europe (2005) are given in Figure 2.
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Water productivity (WP)

Figure 2. Relationship between MVAand Water Productivity
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The top productivities are observed in Denmark and Greece without any particular
patterns common for two countries. Instead of a general clear functional dependence,
three levels of water productivity are observed common for certain development
patterns,

2.2. Price and Value of Water

2.2.1. Value of Water

The value of water is a multi-faceted variable. It has several aspects such as:

social
economic
environmental

Social value of water is mainly related to domestic use. There are many estimates of the
minimum/ optimum domestic use of water. The usual ranges are between
30-150 l/person per day, but in many developing countries, in particular in Africa, these
amounts are far from achievable in reality. In the majority of countries the price for
domestic water is subsidized.

Economic value of water is related to its productivity and competitive use. The realistic
economic value of water is very difficult to asses because it is different regionally and
countrywide. Water in most of its uses has no substitute, therefore the highest level of
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pricing is established based on the level of cost recovery, This level is never achieved in
countries with a high ratio of withdrawal to water resource.

Environmental value of water is assessed by the treatment cost of wastewater. Although
in many countries there are limits for the loads and concentrations of pollutants, the
wastewater quality is never comparable to fresh water quality, In fact, the costs of full
recovery of wastewater have not been established.

Therefore, the prices of water established by public authorities, or owners of the sources
are always undervalued and established to large extent voluntarily, even if they are based
on research results.

2,2.2. Price of Water (OECO, 2003)

The sources of industrial water are diverse and usually local and regional government
can not influence the direct price of water, although it is obtained from local sources
such as groundwater.

Several research projects have shown that given the cost of water is unrelated to the local
sources, the price may have little influence on conservation measures. Therefore, the
price of water should be related to the manufacturing value added in a way that a
balance is kept between low productivity (overuse) and potential outsourcing of the
product. The slow adoption of this concept from local to regional to countrywide levels
may keep this balance,

There is little information about the price of water and even published references do not
indicate what source of water is involved, Given below in Table 13 are the prices of
public water in several countries, without any indication of the water quality (OECD,
2003).

Table 13. Prices of Public Water in Several Countries (OECO)

Country Price in 2001 USO/m'

United Kingdom 0.90
Turkey 1.71
Canada 1.61
Hungary 1.5 3
Portugal 1.17
Spain 1.08
Netherlands 1.08
France 0.90
United States I?) 0,4S

The price formula for different kinds of industrial water is derived from the following
price element.s:

a, Raw Water. This value can not be calculated objectively and is established on
the basis of opportunity cost.s for users of water in given country or even
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geographical area, or particular site. The price of the raw water comprises fees
established by the local authority and costs of water delivery from water sources
to the treatment plant.

b. Clarified Water. The price is based on the cost of treatment (transportation cost.
sedimentation, filtration, and in some cases chemical treatment).

c. Treated Water (in some cases softened). The price is based on the cost of
treatment (chemical costs and separation).

d. Recycled Water. Here the price comprises the costs of the recycling system and
the supplementary softening, involving evaporation and necessary treatment to
keep the mineral concentrations at an acceptable level.

e. Process (often demineralized) Water. The price is based on the cost of partially
softened water and anionic treatment costs.

f. Withdrawn or Used water. There may be additional charges based on the
pollutants and their concentrations in the wastewater.

An example comes from Spain where the respective charges were established by the
Agenda Catalona de l'Aiqua (Soler. M.A.. and Planas, j.M., 2003). The price composition
in Catalonia is therefore the sum of the following charges:

general charge: 0.1091 €/m'
specific charge: 0.4276 €/m'
fresh water cost: 0.5367 €/m'

Pollutant charges added to the water price (e.g.):

22S

suspended matter
oxidable matter
nitrogen
phosphorus

0.3095 €/kg
0.6190 €/kg
0.4699 €/kg
0.9400 €/kg

All charges are given net before the adding VAT.

It must be stressed that treatment of the water produces wastewater which requires
extensive treatment technology.

2.2.3. Price of Industrial Water (in €1m') for Large Scale Installations

The results of case studies in which all types of water have been evaluated are given
below (Table 14).

Table 14. Price of Water (€1m') in Case Studies (VENTURES SC.)

I Water Class Industrial Case Industrial Case Industrial Case Industrial Case I



A B C 0

Raw water 0.2 0.38 0.1 0.37

Decarbonized water 0.54 2.59 0.32 0.55

Recycled water
0.10 0.18 0.03 0.06

(93% recycled) (90% recycled) (95% recycled)

Process water
1.16 2.9 1.55 2.16

(85% recycled) (60% recycled) (75% recycled)

Examples from the above table show a big difference between the water prices of specific
applications from case to case. It is not the purpose of this paper to investigate the
reasons for such differences, but it has been found that in every case different principles
of bookkeeping were applied. It seems that Case A is the most representative one.

2,2,4. Minimum Size of Water Recycling Installations

The principle of water recycling in industrial installations seems to be most effective
measure for saving water. Evaluation of the advantages of recycled water use is possible
only on the basis of comparable rules of cost calculation,

For this purpose, a case study was undertaken considering:

a. Different prices of raw water:
b. Different capacities of the recycling system,

The calculations were made using the following assumptions:

The price of water was established for the case of an outsourcing company,
therefore it contains a 12 per cent (SRR AT) profit margin for each kind of water;

Two cases for the price of raw water were evaluated:

0,1 €1m'
1.0 €/m'

The amount and prices of chemicals for water treatment were taken arbitrarily
from practical examples considering that dozen of systems exist and a low cost
one was chosen.

The results are shown in Table 15 and Figures 3 and 4 below.

Table 15. Clarified Water Prices (€1m') Based on Technological Profiles

Capacity of Treatment Plant 10000 m'/h 1000 m'/h 100 m'/h

Raw Water Price 1.000 1.00 1.00

Clarified Water Price 1.590 1.64 1.80

Raw Water Price 0.100 0.10 0.10

Clarified Water Price 0.382 0.45 0.86
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Figure 3. Clarified Water Price (Raw Water Cost of 0.1 €1m')
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Figure 4. Clarified Water Price (Raw Water Cost of 1.0 €1m')
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Clarified water is used as a feed for recycled water. As a function of climatic conditions.
the amount of clarified water supplement to recycled water is between 3 per cent - 6 per
cent Evaporation of the water causes an increased concentration of salts in circulation
and requires purging of 2 per cent - 5 per cent of the recycled water. For the purposes of
calculating the price of recycled water. a 5 per cent supplement was considered to cover
evaporation and purging losses, The results are shown in Table 16 and Figure 5 below,

Table 16. Price of Recycled Water (€1m') Based on Technological Profiles

I Capacity of Circulation System 50 m'/h 250 m'/h 1200 m'/h 6000 m'/h

Clarified Water Price 165 1.650 1.650 1650
Recycled Water Price 1.61 0.470 0.235 0.168'
Clarified Water Price 0.45 0,450 0.450 0.450
Circulation Water Price 1.55 0.405 0170 0,102
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Circulation water prices

Figure 5. Recycled Water Price (Cost of Clarified Water 0.45 €1m')
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Raw water costs differ significantly and are not predictable. No relationship between
water prices and amounts used is observed.

Considering the impact of the cumulative industrial water cost on the profitability of
industry, the minimum economic capacity of clarified and recycled war.er is
approximately 1000 m3/h, This impact is considered in the section on water
productivity.
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2.2.5. Process Water Economic Parameters

Process water is the most treated type and used for example in:

Power production;
Bio technologies;
Food processing (drinks. beer);
Textiles. chemical industry etc.

Process water is produced from clarified water by further chemical and ionic exchange
treatment. The technologies are multiple and all are advanced in terms of the purity of
process water produced. The basic difference between processes is the activity of the
ionic resins and amount of regeneration solutions (salts, acids). The price of process
water calculated on the basis of technological profile and considering the 12 per cent
SRR AT is shown in Table 17 below.

Table 17. Process Water Price (€1m') (Cost of Clarified Water 0.45 €1m')

I Capacity 50 m'/h 250 m'/h 700 m'/h

1.4

1.2
M
E 1e~ 0.8

I1J
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Clarified Water Cost 0.45 0.450 0.450
Process Water Price 1.26 1.075 1.038

Figure 6. Process Water Price as Function of Treatment Capacities (Cost of Clarified Water
0.45 €1m')
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2.3. Value Added and Water Consumption
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2.3.1. Water Productivity in Selected Branches of the Chemical Industry

Worldwide sales for the chemical industry are approximately US$ Ltrillion. This figure is
more or less equally divided between the USA, Europe and Asia / Pacific (each about
30 per cent, with the balance divided among other regions) and is similar in regard to
technological structure. The data related to the consumption coefficients of water using
MVA as a basis for particular industries are not available. Country data are available but
they are from different statistical years and therefore difficult to compare. Furthermore,
due to the different structure of industry from country to country, these data have
limited value to determine effective measures for water saving strategies and policies.
The available data were discussed in the preceding sections. The dat.a originates from a
study in South Africa and gives some insight into the structure of water consumption by
major production branches. Therefore, to discuss the pattern and types of industrial
water productivity, and measures for saving, two examples were evaluated:

fertilizer production and consumption worldwide and by regions; and
the petrochemical industry in Europe.

2.3.2. Methodology

Every technological process can be evaluated by a chart of parameters similar to the SRI
structure. ICRI with VENTURES and UNlDO have developed similar charts which at
present have about 1000 technological profiles. The form of the profile is given in
Annex III. The consumption coefficient of cooling water is given as one of the
parameters parallel to the energy and process water consumption. To evaluate the
relationship between the physical and economic parameters of the technology two
methods were applied:

The energy used was recalculated to the water consumption by considering that
10m3 water is used per kWh of electrical energy consumed. The amount of

__ .Ep.:cr.:c0,:cesswater and steam used was recalculated to the water consumption by
mUltiplying-by 1.5-and-both added t-;'thecooling water-consumpt;'o-n~'fhis-water-
consumption coefficient was related to the ton, MVA of the product or sales
(price) value of the product, and expressed in €/ton or €1m'.

By using this method, the overall water consumption by the chemical industry
in 2005 was 152 km'.

a)

b) The principle of cumulative consumption coefficients was applied. For each
final product the sequence of processing technologies was evaluated, and using
ratios of raw material or semi~product to the final product, coefficients were
found giving the water consumption in full product sequences. The resulting
consumption figures are much higher than direct consumption figures, and
show the real value of all parameters related to the water productivity.
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2.3.3. Fertilizers Example

Fertilizers are high tonnage products of low value and high unit consumption of energy
and water. The production of fertilizers in 2006 (IFA. 2006) is shown in Table 18:



Table 18. Worldwide Production of Fertilizers (M tlyear)

Region Urea AN CAN AS MAP OAP TSP

Central Europe 23 1.1 7.7 0.8 0.1 0.1 0.2
Eastern Europe 15.4 1.2 2.8 0.2 0.3 0.1 0.2
North America 5.2 4.4 0.5 0.5 2.3 1.0 0.2
South America U 2.6 0.0 0.7 5.1 4.6 0.5
Africa 2.2 0.4 0.0 0.3 0.9 0.0 0.8

Near East a 0.4 0.4 0.0 0.7 1.0 1.5
Asia 6.6 0.5 1.0 0.1 0.0 0.6 1.1
East Asia 16.4 0.2 0.5 0.2 0.0 2.3 0.7
Oceania 20.4 1.1 0.1 0.1 5.0 23 1.0
Various 0.2 0.4 0.0 0.0 0.2 03 0.0
Total 73.1 123 13.0 2.9 14.6 123 6.2

AN - ammonium nitrate
CAN - calcium ammonium nitrate
AS - ammonium sulfate
MAP -mono-ammonium phosphate
DAP -di-ammonium phosphate
TSP - triple superphosphate

Considering the cumulative consumption coefficients (VENTURES sq, the
consumption of water by the fertilizer industry is shown in Tables 19 and 20.

Table 19. Water Consumption by Type of Fertilizer in Europe

I Fertilizers Production M tlyear Water Use m'/t Total km'/year

Urea 17.7 12/. 2.19
AN 23 137 0.32
MAP 0.3 187 0.06
DAP 0.2 165 0.03
CA~I 10.8 150 L62
Other 1.5 153 0.23

. -- ~- ------ TOtal 32:8 4:45 . , .. '- _.

Table 20. Water Consumption by Type of Fertilizer Worldwide

Fertilizers Production M tlyear Water Use m'lt Water Use km'/year

Urea 73.1 124 9.06
AN 12.3 137 1.69
MAP 14.6 187 2.73
DAP 123 165 203
CAN no 150 1.95
Other 9.1 153 1.39
Total 134.4 18.85
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The productivity parameters evaluated were as follows:

Water use expressed in m3/t
MVA of product (cumulative)
Productivity expressed as the cumulative ratio of price and water use in €/m3

(SV1m')
Productivity expressed as the ratio of MVA and water use in €/m' (MVAlm')
Profit at SRR AT of 5 per cent and a water price of 0.5 €/m'

The results are given in Table 21.
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Table 21. Water Productivity by Fertilizer Type Worldwide (Shiklomanov, A., 1974)

I Products! Sales Value MVA Water
MVAlm' SV/m' Profit

Variables €It €It €It €It

Urea 232 109 124 0.88 1.87 26.80
AN 226 120 137 0.87 165 3140
MAP 494 134 187 on 2.65 25.00
DAP 460 130 165 0.79 2.79 26.51
CAN 276 114 150 0.76 184 24.63

The analysis of cumulative coefficients shows a pattern which is not seen by the
traditional evaluation of direct water use. It shows that there is a limiting price that
plants can pay for the water used in the sequence of technologies leading to the final
product, i.e. fertilizer. An evaluation of the impact of water prices on profitability for new
factories producing fertilizers is given in Table 22.

Table 22. Impact of Water Prices on Fertilizers' Profitability

Water
Water Use No Charge Water Price Water Price Price

ProductslVariables m'/t for Water 0.05 €1m' 0.1 €1m' 0.15 €1m
,

Urea 124 28.14 26.80 15.74 9.54
AN 137 32.97 31.40 19.27 12.42
MAP 187 26.25 25.00 7.55 -1.80
DAP 165 27.84 26.51 11.34 3.09
CAN 150 25.86 24.63 10.86 3.36
Other 153 28.21 26.87 12.95 5.32
Average 28.21 26.87 12.95 5.32



Figure 7. Fertilizers' Profitability versus Water Price
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Fertilizers being high tonnage products with low profitability are very sensitive to water
price. Therefore. it is important to use recycled water in this industry and this
substantially influences water productivity. The results of a review of the impact of the
rate of recycling on water productivity are given in Figures 8 and 9.
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Figure 8. Function of Increased Water Productivity (SVlm3) due to
Rate of Recycling, -,I
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Figure 9. Function of Increased Water Productivity (MVA/m3) due to
Rate of Recycling, -,I
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2.3.4. Petrochemical Example

Petrochemical processing is also a high tonnage industry (APPE. 2001-200: Chemical and
Engineering News. 2006) but. with much higher prices and profits, it is more
representative of the chemical industry as whole being responsible for about 60 percent
of the total output.

The production of major petrochemicals in 2005 and the cumulative water use in Europe
is given in Table 23.

Table 23. Consumption of Water by the PetrochemiCllllndustry in Europe (2005)

I Product/Variables
Production Unit Water Use Total Water Use

t/year m'/t km'/year

LOPE 7,116,000 447 3.18

HOPE 5,110,000 472 241

PS +ASS 2,459,000 110 0.27
pev 6,050,000 668 4.04

EO 2,397,000 306 073
EG 1,637,000 436 0.71
Rother 2,476,900 407 1.01

PP 9,368,000 429 4.02
Acrylonitryl 830,000 663 0.55
Okso alcohols 526,000 338 0.18
PO 2,338,000 300 0.70

PG 2,179,000 556 1.21

Other 2,286,150 457 1.05
Total 20,06

The water product.ivity parameters evaluated for the petrochemical industry are the same
as those previously assessed.

The productivity parameters evaluated were as follows:

Water use expressed in m3 It
MVA of product (cumulative)
Productivity expressed as the cumulat.ive ratio of price and water use in €1m3

(SV/m')
Productivity expressed as the ratio of MVA and water use in €/m' (MVA/m')
Profit at SRR AT 5 per cent and water price of 0.5 €/m'

The results are given in Tables 24 and 25,
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Table 24. Ethylene - Water Productivity

LLOPE+
ProductlVariable Units LOPE HOPE PCW PS EO EG
Water use m'/t 447 472 668 110 306 436
MVA, industrial case C €It 338 1020 744 176 253 343
Price, industrial case C €It 2183 2400 4323 3059 2333 1947
Productivity gross t €/mJ 4.89 5.09 6.73 27.72 5.47 4.57
Productivity net €/m3 0.76 2.16 1.11 1.6 0.59 0.81
Profit (water at 0.05 €/m)) €/t 235 257 178 176 267 280

Table 25. Propylene - Water Productivity

ProductlVariable Units PP Acrylanitryl Oksa-alcahals PO PG
Water use mJ/t 429 663 338 300 556
MVAC €/t 308 450 455 375 454
Price C €/t 2649 2816 2645 2532 4210
Productivity gross €/m3 6.18 425 7.54 4.55 7.56
Productivity net €/m) 0.72 0.68 1.35 1.25 0.82
Profit (water at 0.05 €/mJ) €/t 208 265 237 243 279
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Considering the much higher prices and profits in the petrochemical industry, this may
support higher prices for water. The evaluation of this relationship is given in Table 26.

Table 26. Impact of Water Prices on Profitability in the Petrochemical Industry

Water Use Na Charge far Prafit at Profit at Prafit at
Product m;/t Water 0.05 €1m; 0.25 €1m; 0.5 €1m;

LOPE 447 257 235 146 34
HOPE 472 281 257 163 45
P5 +AS5 110 184 178 156 129
PCV 668 209 176 42 -125
EO 306 282 267 206 129
EG 436 302 280 193 84
Other 407 252 232 151 49
PP 429 450 429 343 236
Acrylonitryl 663 241 208 75 -90
Okso alcohols 338 282 265 197 113
PO 300 252 237 177 102
PG 556 271 243 132 -7
Other 457 299 276 185 71
Average 274 253 167 59

The limited profits also show that in the petrochemical industry recycled water would be
preferred to stabilize the profits and prices of petrochemicals.



3. Policy Measures for Improving Industrial Water Productivity

3.1. Issues for Policy Making for Industrial and Administrative Organizations to
Increase Water Productivity

The aim of this section is to summarize the more efficient policy measures (UNCSD,
1998), based on working examples, rather than recommend new policy measures. The
results of some applied measures were discussed in previous sections.

Management of any of operational system requires:

Establishing the strategy of operation and development;
An existing or planned operational structure;
Policies and measures aimed at achieving strategic goals by optimizing
operational structure.

3.1.1. Strategy

There is no uniform strategy for a water management system, although it is assumed by
most people that saving water will increase its productivity. The strategies are different
for developed countries (high income countries) and developing countries (low and
medium income countries).

a) High Income Countries

For high income countries the consumption function is trending to the Kuznets
form, due to the outsourcing of industries consuming large amounts of water
and the development of a secondary industrial structure. This provides an
opportunity for the full recovery of industrial water leaving only a limited
quantity related to the physical loss during production such as evaporation
from circulation towers, untreatable wastewater, water containing products etc.
This means that all wastewater will be treated and reused.

b) Low and Medium Income Countries

In developing countries where the basic water consuming industries have been
transferred from developed countries, there are specific features for future use:

a) In principle, only new advanced alternative technologies are transferred, which
have lower water consumption than the historical use in high income countries;

b) Water treatment technologies are much more advanced than they were during
the industrialization boom in the 1970s. In fact the technological level achieved
allows full reuse of industrial water, again except for the physical loss during
use such as evaporation.

Therefore, the preferred strategy for industrial use is the full reuse of wastewater, limiting
the withdrawal and use only to physical loss. The projected use of water by industry by
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2025 is about 20 per cent of total withdrawal, thus the need for industrial water may
push the water crisis into the second part of this century. There are additional elements
supporting this "zero" discharge strategy:

a) Each litre of discharged wastewater pollutes 3 to 8 litres of fresh water (even if
,the concentration of pollutants is limited).

b) There are regions where the industrial use of water is not possible due to the
water balance. The "zero" discharge strategy would allow development of
industries in arid areas.

3.1.2. Industrial Structure

The existing industrial structure and its level of complexity are more or less stable. It
would require large scale investment to substantially change the industrial structure
worldwide. This existing situation would permit the development of a uniform series of
policies and measures for any industrial operation worldwide.

3.1.3. Policies

The conventional methods of policy making divide it into two approaches:

a, Command Measures;
b. Economic Measures.

3.1.4. Command Measures

Establishing Water Targets
In many cases local water resources are limited and overuse leads to their depletion. It is
the role of the scientific community to assess the needs and quantities of water for all
uses. Local research will be necessary because there is no statistical relationship
between water use and a country's macroeconomic parameters. On this basis local
governments would establish quota limits, This will be useful information for investors in
industrial sites to select appropriate technologies and products, Productivity limits and
quotas should 1:>eestablished jointly to avoid conflicts, The existing "step by step"
method of approvals does not ensure local optimization of the economic structure.

Establishing Wastewater Quotas
In the majority of cases. water withdrawal for industrial as well as for human purposes
(use) has a low critical value, Moreover. industrially used water returned to the water
cycle is not of high enough quality to allow untreated use downstream. It is well
documented that the amount of industrial wastewater produced is 3 to 5 times the
volume used for industrial purposes. This ratio becomes even larger when regulations are
based on concentrations of pollutants instead of overall pollutant loading. Therefore,
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establishing legal quotas on wastewa~er is a necessary action to prevent the degradation
of water quality downstream from industrial use.

Effluent Standards
Legislation typically establishes diluent standards. Regulations in many cases only deal
with the concentrations of pollutants, which tends to increase the total amount of
wastewater. It is also necessary to provide legislative limits on the total load of different
pollutants. Another obstacle to the implementation of this kind legislation is the large
number of new chemicals in use that have unknown impacts on human health or the
environment.

Establishing the Rate of Recycling
A large number of industries. in particular power generation, require recycling of cooling
and process water. This is also valid for the domestic use of water. Large scale industrial
complexes such as the metallurgical, chemical and pulp and paper industries. in
principle should have installed cooling water recycling and full collection of heating
steam condensate. Installation of circulation towers, depending on local climatic
conditions may decrease water withdrawal by 25 to 30 times. However. the introduction
of water recycling is difficult in the case of widely dispersed industrial sites for example,
plastic manufacturing and pharmaceuticals, which are, in most cases, small and medium
sized indust.ries. However, while enforcing regulations with respect to the permitting of
industrial parks is desirable, it is very rarely carried out. In addition to the dispersion of
industry, another obstacle to water recycling is the cost of low capacity systems. This
point will be discussed later.

Research and Del'e!opment Support in Water Management
Water withdrawal and corresponding legislation to limit the effects of over withdrawal
and effluent impacts require many levels of management. Modern scientific
instrumentation and analytical techniques must be applied with technology to clarify
raw water and to treat wastewater. 1t1edical evidence indicates the growing impact of poor
water treatment. Therefore, the mandate of legislators, local and central government.s
should be to support research and development at scientific institutions.

If regulations are, made without consulting t.he scientific community, it only serves to
create bureaucrat.ic obstacles to the real improvement of water management. In this case,
outsourcing research and development from the developing to developed countries is of
great importance.

Detailed Analytical Review of Technology
This issue relates to the full understanding of the problem of water productivity by a
particular industry. Water consumption must not only consider direct use (e,g. as cooling
or process water), but also the energy component (e.g. water used by electrical energy
and steam production). This review must consider the full technological process from
basic raw materials to the final consumer product. Such an audit may indicate the
necessary measures to increase water productiVity by changing the sequence of
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technologies or a particular technology, Progress in water productivity will depend on
the split in financing and execution responsibilities between industry and its
administration in preparing the audit, and the necessary design improvements and their
implementation.

Licensing Water Management Systems
Contractual licensing of water management in given area is one outsourcing measure.
Typical contracts have been discussed in the section on the water pricing system above.

3.1.5. Economic Measures

Tariffs on Water Supply from All Sources
Each source of industrial water withdrawal may have a different legal status for example:

Public Sources
Private Underground Water Extraction
Open Reservoirs with Free Access

In practice, tariffs are only charged by local government for publicly owned sources, This
situation not only biases the statistics on water use, but also is irreversibly depletes the
underground resources. There is little information available concerning attempts to
charge industry for all the water it uses, In the case of industry the tariff price should
comprise three elements:

A Universal Charge (monetary units/m')
A Specific Charge (monetary units/m')
A Pollution Charge dependent on the pollution in the wastewater (monetary
unit! pollutant unit)

Charges for Wastewater
Charges for wastewater should be related to the amount of the wastewater produced in
relation to water use. Reduction should be considered in cases when:

Wastewater leaving an industrial estate is of better quality than the original
withdrawn source water
The water is used in a closed cycle

3.1.6. Water Management Systems

An established and organized management structure is necessary to implement policies
for the effective and economic use of water (Frost & Sullivan, 2006) to fulfil strategic
goals. There are many options for water management and, in practice, all are used as a
function of local government legislation or management culture. Given below in
Tables 27 and 28 is a comparison of different management systems,



Table 27. Management Systems based on Semi-Public Assets Property

System Advantages Disadvantages

Service contracts Transparency of operational cost Local budget responsibility for assets
Management
contracts
lease agreements

Short term responsibility of contractor for
operation of the system
long term contracts ensuring renovation of
assets

Lack of improvements and
modernization of technology
DiFficulty in establishing of the price
formula

Concession Full responsibility of contractor Possibility of monopolistic actions

Table 28. Management Systems based on Change of Assets Property

System Advantage Disadvantages

Build, operate, transfer The technology is selected by the
administrative authority

Long periods of construction; budgetary
difficulties

8uild, own, operate, The investment cost is under control of the
administrative authority

Long term difficulties in establishment
of price formula

Joint-venture between
contractor and authority

Continuous control of the water operational
cost

Participation in renovation cost of
assets

Outright sale Full responsibility of contractor for the
investment recovery cost

Possibility of monopolistic actions

This short summary of various water management systems does not indicate that a
unique optimal solution exists. There are examples of the full outsourcing of water
management systems which are functional and satisfactory for both parties: the water
management company and the consumers. The most important aspect of outsourcing
water management is continuous improvement and upgrading based on the
implementation of advanced technology using the latest research and development.
Water management companies may also operate several plants which will favourably
influence the cost/price structure for the local water authority and end users,
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Annex I

List of Major International Events on Water

Conference Date

Mar del PlataUN Conference on Water 1977
Place

Global Consultation on Safe Water and Sanitation for the 1990's 1990 New Delhi (UNDPi
International Drinking Water Supply and Sanitation Decade 1981-1990

International Conference on Water and the Environment 1992 Dublin (WMOi
UN Conference on Environment and Development 1992

NordvikMinisterial Conference on Drinking Water Supply and
Environmental Sanitation

1994

Istanbul (Habitat 11.)

International Conference on Population and Development 1994

Marrakesh
UN Conference on Human Settlements 1994

New York

Rio de Janeiro
(Earth Summit)

Cairo

1st World Water Forum 1997

Bonn

2nd World Water Forum 2000
United Nations Millennium Declaration 2000

rhe Hague

World Summit on Sustainable Development 2002 Johannesburg

International Conference on Freshwater 2001

3rd World Water Forum 2003

UN

Kyoto

International Water Year 2003
4th World Water Forum 2006
International Decade for Action "Water for life" 2005-2015
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Annex II

List of Major Institutions involved in Water Demand/Use Assessment

World Resources Institute
World Bank
Pacific Institute
St. Petersburg State Hydrological Institute
University of Hampshire
US Geological Survey
FAO
UNESCO
UN Commission on Sustainable Development
OECD
EU Commission
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Annex III

I Table 1. Technological profile Year 2007
I Product Urea Company Europe
I Process STAMICARBON Installation Planned

Annual resource time [ h] 8000

Production !m'/h] 450,000 FCI 101,761 Imln €I

Sales Im'/hl 450,000 BLC 59,860 Imln €I

Calculated capacity Im'/h] 492,750 Off-sites '1,902 Imln €I

Product price 14400 1€/m'] 56,25 Unit investment cost €/rn3 226,14

Reference 1,000,00
It/year]

installations 0

FCI 150 Imln €I WZSFCI 0,66

BLC 85 Imln €I WZ5BlCC 0,66

(ost elements IUnit] IUnitlM'] Unit price Unit cost Annual cost
1€/unit] 1€/tl [€!yearJ

Raw materials

- Ammonia Itit I 0.57 150.00 85.500 38,475,000

· Carbon dioxide Itit] 0.7550 1.00 0.755 339,750

- Catalysts I€itl 10000 1.00 1.000 450.000

- Sub-total 86.255 39,264,750

- Purchase cost 3.00% 2.588 1,164,443

By-products 0.000 0

Raw material cost 88.843 40,429,193

Utilities 5.000 2,250,000

- Electrical energy IkWhl 2200 005 1.100 495,000

· Cooling water 1m'] 73 0.05 3.900 1,755,000

· Process water Im'l 0.1 0.25 0.025 11,250

· Steam It] 093 12.00 11.160 5,022,000

Salaries 2.150 967,680

- Labour 24 Ihit I 0.128 12.00 1.536 69UOO

- Social security 40.0% 0.614 276,480

Total direct cost 99.893 44,951,873

Department
28.551 12,847,878

overheads
- Management 4 Ihit] 0.021 20.00 0427 192,000

- laboratory 16 [hltl 0.085 5.00 0.427 192,000
- Maintenance

16 [h/tl 0.085 6.00 230,400
(labour)

0.512

> Social security 40.% 0.546 245,760

- Maintenance
3.00% I€) 6.784 1 3,052,838

materials
6784

- Depreciation BLC 10.0% I€} 13302 1.00 13302 5,985,957

· Depreciation off-site 5.0% I€} 4.656 1.00 4.656 2,095,085
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-local taxes 2.00% [{I 0.001 1 0.001 254
- Environment tax 2% [€} 1.777 1 1.777 799,584
- Other department

1,00% [€I 0.120 1 0.120 54,000
costs
Total direct cost [€) 128.444 57,799,750
Factory overheads [€} 1.294 582,498
- Management 1% [€I 1.284 577,998
- Sales costs to own

1% [€) 0.Q1 1 0.010 4,500
units
Production cost [€} 129.738 58,382,248
Sales [€I 144.000 64,800,000
EBIT [€I 14.262 6,417,752
Income tax 19% [€} 2.710 1,219,373
Profit net [€I) 11.552 5,198,379
ROI(PAT· 5RRI [%J 5.11 %
Rentability [%) 8.02%
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Matching Water Quality to Use Requirements

John G. Payne

Abstract

The focus of this paper is on the quality of sources of water as input for various uses,
particularly industrial. It provides an overview perspective, and highlights the main
issues and trends of matching appropriate water quality to use, discusses possible
solutions, and provides some conclusions. It is intended to provide an introduction to
more detailed discussions on the various aspects of this specific subject.
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1. Introduction
The balance between sources of water and uses of water is a precarious one. The quality
of the source water is a major concern but other significant issues frequently involve
adequate quantity, location, cost, regulation, ownership and security of supply. It has
been implicitly taken for granted in the past that most natural supplies, such as
groundwater, are of reasonable quality or at least economically treatable for their
intended use, With the increasing demand on water supplies as population and industry
continue to grow at accelerat.ing rates, the assumption that good quality supplies are
always to be found and are essentially limitless no longer holds. This creates a need to
match lower quality water to uses that can accommodate it.

2. Sourcesof Water
In most areas of the world, natural water sources, perhaps more correctly termed
resources, are the primary supply for most water withdrawal. Secondary sources include
previously used water from industry and municipalities. There is a process of
degradation as water moves downstream from either the primary or the secondary
source depending on the particular water use. The degree of treatment required, and
several other factors discussed later, determines how much water is returned to the
industrial system or how much is discharged as effluent. This represents the difference
between actual water withdrawal and water consumption.

The bTDad types of source water are listed in Table 1 with some related information
about quality and quantity (USGS website). It is notable that the most accessible primary
water sources usually have less quantity globally (surface water) or require the most
treatment (sea water). Secondary sources are generally limited in both respects, except in
some local situations.
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Table 1. Sources of Water

Natural (Primary) Sources Quality In-situ Quantity
Groundwater
Aquifers
Spring Water
Thermal Water

Usually good for most uses but
(an be easily contaminated.

Variable depending on location, Easily depleted.
Approximately 1.7% of global water. About
30 % of freshwater is in the ground
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Surface Water
Rivers
lakes

Variable depending on human
and biological impacts.

Can be locally significant. Globally insignificant
about 0.09%. Lakes comprise about 87% of
surface water.

Ice Caps and Icebergs Very good. Locally insignificant yet approximately 1.74 % of
global water and 68.7% of freshwater.

Sea Water Saline. Huge. Approximately 97% of global water.
Rain Water Generally good. Limited - based on local collection (harvesting).
Municipal Sources Quality Quantity
Stormwater Mediocre depending on local

regulations.
Climate and infrastructure (for collection)
dependent

Sewage Water Poor Infrastructure dependent.
Industrial Sources Quality Quantity
Non-Contact e.g, Cooling/Heating Dependent on primary source. Can be significant on a local basis.
Contact, e.g. Process Effluent Moderately to highly

contaminated.
Can be significant on a local basis.

Water is thought of as a renewable resource and natural sources are interrelated in the
well known hydrological cycle (Figure 1). Water's passage through the hydrological cycle
takes time and generally has a purifying effect. rather like treatment. Its journey may be
significantly delayed and interrupted by human activities. such as being dammed up in
large hydroelectric projects or being incorporated into food and beverages or industrial
products.



Figure 1. The Hydrologic cycle
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From: Environment Canada Freshwater Website: Properties of Water:
http://www.ec.gc.ca!water/en/nature/prop/e_cycle.htm

More significantly, these human interventions are often represented by industry, and
have lead to contamination and overall degradation in natural water quality in many
areas. The hydrological cycle now includes significant human intervention such as
effluent discharge into surface water bodies, infiltration of contaminants to groundwater,
and the atmospheric distribution and fallout of contaminants into water bodies. Loops of
recycled and reclaimed water are now included the hydrological cycle (Figure 2). They
may rejoin the cycle after much delay or perhaps never, if zero discharge becomes a
reality. Zero effluent discharge is the ultimate goal for water quality (UNESCO, 2006).
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Figure 2. The Role of Engineered Treatment, Reclamation and Reuse Facilities in the Cyclingof
Water Through the Hydrologic Cycle (Asano 1998)

.......:.---.__ ..... ·GnaDlWat ...

From: Australian Academy of Technological Sciences and Engineering, 2004.

3. Uses of Water
In a general sense, human use of water may be either consumptive or non-consumptive
(California Department of Water Resources (CDWR). 2005). Consumptive uses include
industrial, agricultural and municipal, and non-consumptive may be hydroelectric power
generation, navigation. and recreation. A list of some of the more common uses is in
Table 2.
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Consumptive

Table 2. Common Uses of Water

QuantityTypical Uses Quality
Municipal- Potable
Municipal Non-
Potable

Drinking Water Highly regulated. Significant
roilets & Showers
Watering Lawns & Gardens
Fire Fighting

Usually the same as for potable water
in developed countries.

Significant

Agriculture Irrigation Crop & livestock dependent.
Some regulations depending on the
country.

Very large if
commercial, less
if local.

Industrial
Manufacturing Needs

Can be large
locally.

Process Water
Cooling Water
Heating
Boiler Water
Solvent
Cleaning
Wash Water
Transporting Substances

Quality ranges from very high (ultra
pure) to low dependent on equipment
needs and pre-treatment options and
costs.

Industrial - Product
Needs

Moderately high.Raw Material Ingredient e.g.
Food & Beverage,
Bottled Spring Water
Pharmaceutical

High to very high quality.

Non-Consumptive

Very large.

Typical Uses Quality Quantity

Hydroelectric Power
Geo -Cooling/Heating

Impounded reservoirs In-situ
Recirculation of water for
residential and commercial
use

In-situ Small

Fishing N.A.Commercial
Recreational Aquaculture

In-situ but must be good quality for
aquatic habitat.

Recreation Boating
Swimming
Thermal Springs and Spas

In-situ but must be acceptable for
human health
Individual & Unique Small.

N.A

Navigation Commercial and Private
Shipping and Boating _

In-situ NA

According to the Worldwatch Institute (website), agriculture accounts for about 70 per
cent of world water use, with industry at 22 per cent, and towns and municipalities 8 per
cent. However, the industrial use in developed countries averages 59 per cent versus
10 per cent in developing countries. This is illustrated in the case 01 Ukraine (Figure 3).
It is signilicant to note that less than I per cent of water treated for human use is actually
drunk (The Environmental Benchmarker & Strategist (TEBS), 2007).
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Figure 3. Water withdrawal in Ukraine (AQUASTAT FAD)

Figure 3 : Water Withdrawal in Ukraine (AQUASTAT FAO)
Total 25.991 km3 in 1992
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4. Industry's Relationship to Water

The optimum scenario for water supply and use is to have the right quality of water. in
the right quantity. in the right place: for the right use at the right time. However. it is the
quality of water that frequently undermines the efficiency of this equation. For example.
it is not uncommon for industry to use higher quality water than is required, often
because there is a conveniently located local supply, either natural (groundwater, river or
lake) or municipally supplied.

According to the California Water Plan Update 2005 (CDWR. 2005). "Matching water
quality to water use is a management strategy that recognizes that not all water users
require the same quality water," This idea of water management links to water
productivity, which has been defined as "the amount of water needed to produce a
certain good, service or societal value." (Alberta Government website). The challenge is
to obtain more productivity out of each litre of water as it passes through the system, in
other words to maximize every molecule. Water productivity provides a benchmark for
tracking progress. Matching water quality to use is one strategy to improve water
productivity.

Much of the following summary and discussion on matching water quality to use draws
on information and ideas from the 2006 UNESCO Report: Water, A Shared
Responsibility, The United Nations World Water Development Report 2 (UNESCO,
2006), and in particular the Chapter on Water and Industry by UNIDO. In addition, the
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California Water Plan Update 2005 (CDWR, 2005) is a large documei1t that addresses
somewhat similar issues. Also, several useful studies originating in Australia were also
sourced, in particular Water Recycling in Australia (Australian Academy of Technological
Sciences and Engineering (AATSE), 2004) and Industry Water Recycling Background
Study (Kinhill, 1999).

5. Industry's Effect on Water Quality
Currently the use of water in industry is essentially linear. Withdrawal 01 water is made
from a suitable source, maybe the water is pre~treated, then the product is manufactured,
the process possibly cooled and the waste is washed away with or without treatment..
This sequence of events, which obviously wastes water, also has the potential to magnify
the problems of poor quality in primary water sources, For example, the discharge of
effluent upstream into a river affects water being used as a primary source downstream.
In the US it is estimated that on some major river systems, water is used and reused
20 times on its way to the sea (TEBS, 2007). This situation was assessed on the Dnieper
River (UNESCO, 2006) where the influence of pollution Hot Spots was prioritized to a
large extent by their influence on downstream use. Water quality issues ranged from
drinking water abstraction to non~consumptive uses such as fishing.

The problem is made worse when the discharges are not adequately treated and the
receiving body becomes increasingly contaminated. This not only affects the potential
for further withdrawal of this water for industrial applications but has profound effects
on the environme!-1t. The problems range from inorganic contaminants, which may affect
sediments, to organic contaminants encouraging slime and bacterial growth. Agriculture
as an industry is responsible lor large discharges of fertilizers and manure into water
bodies. Even physical ellects occur such as hot water causing "thermal pollution". In
addition, the combined ellects of dillerent pollutants can further worsen the degradation
and complicate treatment.

Indeed, depending on the cOl~centrations of contaminants, much larger volumes of water
may be affected than simply the amount of initial discharge. The "dilution ellect" is relied
on to reduce contam'ination to acceptable levels but increasing industrialization with
accompanying increased discharges is serving to negate this effect. Moreover, if the
contamination is irregular or periodic the resulting degradation may be variable. The
problem is further compounded by more widespread effects downstream and across
international boundaries. Transboundary loading is an issue of particular significance as,
globally, there are 260 major river systems that croSs 14.5 national boundaries (TEBS,
2007).

A similar situation occurs in the case of groundwater where large volumes of water in
aquifers can be contaminated by small volumes of contaminants. As with surface water,
the contamination may be organic or inorganic, but the migration is considerably slower
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through soil and bedrock. Typical sources are direct discharges to the ground or
infiltration through lagoons, though leachate from landfilled solid waste can be
significant. The effects are most noticeable with drinking water but industrial uses may
be compromised by water containing, fOT example, solvents or hydrocarbons. The
remediation of groundwater presents its own unique problems and may result in
contaminant management rather than contaminant elimination.

Atmospheric pollution also contributes to worsening water quality. It is well known that
surface water can become acidified through NOx and SOx emissions. Numerous lakes in
North America and Europe suffered from the effects of acid rain, which was recognized
many years ago. However, other chemicals emitted to the atmosphere can become widely
dispersed and also enter the water cycle. It is well known that PCBs have migrated from
industrial areas in North America to the Arctic.

Industrial disasters produce immediate and large effects on water supplies. There are
incidents of tailings dam failures contaminating large areas of river systems in Romania
and Guyana. Fires discharge emissions into the atmosphere and spills infiltrate to the
groundwater and migrate to the surface water. Even agriculture has had its disasters. In
Ontario, drinking water became polluted by Escherichia coli bacteria as a result of manure
entering poorly protected wells. Several people died and many became seriously ill as a
result.

More recently a new form of impact has been recognized, a Natech disaster. This is a
situation where a technological disaster is triggered by a natural hazard. Earthquakes and
hurricanes are the most obvious case and can result in releases of hazardous materials
under the worst of circumstances for successfully containing them before water supplies
are affected.

In short, industry contributes to polluting its own primary supply of water. Chemical
pollutants join the hydrological cycle through many routes. Significant sourCes of natural
or primary water are being degraded and are not recoverable as part of the natural
purification of the hydrological cycle, resulting in less and less good quality source water.

6. Industry's Requirements for Water Quality

With the increasing degradation of primary water supplies, it becomes imperative that
good quality water is reserved for priority use, such as drinking. Lesser quality water may
be perfectly adequate for many other industrial uses. This may be recycled or reclaimed
water from other uses. Many, seemingly interchangeable, terms are used regarding
increasing water productivity. The generally accepted definitions are as follows in
Table 3, which is based on AATSE, (2004) and UNESCO (2006).



Table 3. Definitions

Potable water:
Water suitable for human
consumption without deleterious
health risks.

Water Reuse:
Beneficial use of reclaimed or
treated water for specific
purposes such as irrigation,
industrial or environmental uses.
Water reuse can be done directly
or indirectly.

Direct Reuse:

Reuse of water directly from the
treatment plant to the reuse site,
usually by pipes.

Direct Potable Reuse:
Water that is highly treated for
human drinking water use, and is
conveyed directly from the
treatment plant to the water
supply system.

Non-potable water:
Water which does not meet
drinking water standards, but
which may be fit for other
specifically defined purposes.

Water Reclamation:
The treatment of wastewater to
make it reusable, as reclaimed
water, for one or more
applications. It commonly refers to
municipal wastewater though it
can also apply to industry.

Water Recycling:
Water recycling involves one use or user.
It is the reuse of industrial effluent
(generally treated and reclaimed) that is
generated by a given user for on-site use
by the same user, and is predominantly
practiced in industry.

Indirect Reuse:

The subsequent beneficial use of
water after it has been discharged
from a treatment plant or as an
effluent into a natural receiver,
such as a surface water or
groundwater body, from which
further water is taken, sometimes
in an unplanned manner.

Unplanned Indirect Potable Reuse:

The subsequent use of reclaimed water
after it has been treated and then
discharged into surface waters or
groundwater from which further water is
taken for human 'drinking water' supplies.
This is a major health and aesthetic
concern, particularly in urban areas at the
end of major rivers.

While the focus of this paper is on industrial water quality in the sense of industry and
manufacturing, it seems appropriate to mention agriculture as this industry accounts for
the majority of the world's water use. While irrigation provides about 10 per cent of the
water used for world agriculture, it is the largest user of freshwater resources and
commonly the largest water user in a region (UNESCO. 2006). In fact, a search for
information on water productivity results in a huge predominance of hits relating to
increased agricultural production using less water .

. This is particularly important in areas of limited supply and where drought is common.
such as California and Australia. For example. the California Water Plan Update 2005
(COWR. 2005) mentions the salinity and concentration of boron which can inhibit
yields of some crops, and strawberries and avocados are salt~intolerant. Gypsum can be
added to water with low levels of salts to improve percolation. Suspended particulates
may need removal to avoid clogging irrigation systems and reducing infiltration. The EPA
in Victoria. Australia (EPA Victoria. 2003) has defined Classes A to 0 of reclaimed water
quality (after treatment) and defined the uses of each for various agricultural activities.
non-potable urban use' and industry. The objectives cite values for Escbericbia coli.
turbidity. BOD. SS. pH plus chlorine residual for the highest quality water.

For drinking water. the highest quality source is the most desirable. Regulations for
drinking water quality are found in many jurisdictions and have chemical. biological and
physical parameters, which in turn relate to human health and aesthetic considerations.
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It is very often public health perceptions that limit the supply of drinking water to
naturally occurring sources rather than secondary recycled water. More recent concerns
include the presence in potable water, often in very low quantities. of endocrine
disruptors, pharmaceutical chemicals (xenobiotic contaminants), disinfectant by-
products and organic industrial chemicals. Other domestic applications such as fire
fighting, car washing, toilet flushing and local irrigation in the form of garden watering
are all amenable to a lower quality water supply.
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For the food processing industry the water quality requirements are often more
demanding than drinking water and may present a problem as local municipal supply
may require further treatment. Shown in Table 4 below (Agriculture and Agri-Food
Canada, 2000) is a comparison for food and beverage industry water quality guidelines
with those for Canadian drinking Water Quality,

Table 4. Water Quality Guidelines for the Food and Beverage Industry Compared with
Guidelines for Canadian Drinking Water Quality

Areas in grey can be of concern for specific food processing industries in Saskatchewan
(modified from Canadian Council of Ministers of the Environment 1987)

Concentration (mg/L)

Parameter Drinking Carbon- Dairy Food canning,
Food SugarConfect- freezing, dried,water Baking Brewing ated ionary frozen fruits, process manufact

guideline beverages
vegetable (general) -uring

pH 6.5-8.5 - 6.5 to <6.9 >7.0 6.5 to 8.5
7.0

Colour 15 <10 <5 <10 NO <5 51010
(Hazen
Units)

Turbidity 1 <10 <10 lto 2 - <5 lto10 . -(NTU)
Taste, odour concern low low ND' low ND ND low
Suspended concern 50to <500 <10 ND
solids (mg/L) 100
Dissolved 500 - <800 <850 50 to <500 <500 <850
solids (mg/L) 100

Calcium concern NSb", <100 - <100 <20
(mg/L)

Magnesium concern <30 - - <10
(m9/L)

Iron (mg/L) 0.3 <0.2 0.1 to <0.1 <0.2 0.1 to <0.2 <0.2 <1
1.0 0.3

Manganese 0.05 <O.t <O.ld <0.05 <0.2~ O.OHo <0.2 <0.2 <0.1
(m9/L) 0.1
Copper 1 - - - - ND -
(mg/L)



Table 4. Water Quality Guidelines for the Food and Beverage Industry Compared with

IGuidelines for Canadian Drinking Water Quality

Areas in grey can be of concern for specific food processing industries in Saskatchewan ~

(modified from Canadian Council of Ministers of the Environment1987)

Ammonium concern - • - • trace <::0.5 - - ;
(mg/L) ,

,

Bicarbonate concern ND - - - - - <10D
(mg/L)

Carbonate concern - <50 <5 - - -
(mg/L)

Sulphate 500 <100 <200 - <60 <250 - <20 !

(mg/L)

Chloride 250 20to <250 <250 <30 <250 <20
(mg/L) 60
Nitrate 10 - <10 - - <20 <10 -
(mg/L)

Fluoride 0.3 <1 0.2to1.0 - <1 <1
(mg/L)

5ilica(mg/L) concern - <50 NO <50 -

Concentration (mg/L)

Parameter Drinking Carbon- Dairy Food canning, Food Sugar
Confect- freezing, dried,

water Baking Brewing ated
ionary frozen fruits,

process manufact i

guideline beverages (general) -uring !
vegetable

Hardness concern N5' <70 200 to <180 <250 10 to250 <100
(mg/L) 250
Alkalinity concern <85 50 to128 - - 30 to250 30 to250 -
(mg/L)

Hydrogen <0.2 <0.2 <0.2 <0.2 - - -
sulphide I

(mg/L)
,

----l
Oxygen concern - <15 <1 !

consumed
,

(mg/L)

Carbon - slight - <10 <0.2 -
tetrachloride
extract
(mg/L)

-
Chloroform <0.2 - -
extract
(mg/L) ,

..~-

!Acidity - - NO
-

Phenol NO NO NO NO
Nitrite - - NO -

Organic concern trace trace - - - trace
matter

a) not detected = ND, b) some required for yeast action, c) not specified = NS, d) Total Fe and Mn
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The construction industry needs water for dust control, soil settling, compaction,
aggregate washing and concrete production. This does not have to be top quality but
certain quality will be required to protect the environment. However, the pharmaceutical
industry and high technology industries (such as micro chip manufacturers) require very
high quality and further treat the water from their primary supplies.

In the United States, thermal cooling water for power plants comprises 39 per cent of all
water withdrawals (Brown 2003). Cooling water for production can usually be of lower
quality. This is a significant fact as 25 to 50 per cent or more of a plant's intake may be
for this purpose (Kinhill. 1999). Boiler feed, heating and quenching are also uses for
lower quality water. The quality of water for most industry, depending on its source,
needs to be adjusted to account for typical problems (Table 5).

Table S. Typical Industrial Water Quality Problems
Problem Comment
Scaling Water lost by evaporation during repetitive recycling during heat transfer increases the concentration

of mineral impurities such as calcium, magnesium, sodium, chloride and silica. This leads to scale
formation when soluble salts are precipitated and deposited. It is related to hard water.

Corrosion The primary factor is dissolved oxygen in cooling water though ammonia, manganese, iron and
aluminium may all promote corrosion because of their oxidation potential. Other variables include
temperature, carbon dioxide content, and pH.

Biological Algae, fungi and bacteria are common problems related to high nutrient content and can produce
Growth large masses of organic material. Some bacteria form slimes and utilize soluble iron and deposit

insoluble iron oxide as a slime around their cells, some reduce the sulfate content of water to make it
more corrosive.

Foaming This is associated with detergents.
Pathogenic These are not only an issue with drinking water but also in industry where workers can be €xposed to
Organisms spray. Bacteria such as Cryptosporidium, Giardia and Escherichia coli, viruses, protozoa and

helminthes are typical problems.

Sources, UNESCO(2006); Kinhill (1999)

Some regarding industrial water use, quality and treatment are summarized in Table 6.
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Table 6. Wastewater Treatment Requirements as a Function of End-Use for Industrial Water

Supply

Industrial Water Use Nitrogen and Phosphorous Chemical Filtration
Removal Precipitation

Cooling Tower Makeup Normally Yes Yes

g~S.~".t,~"~g"~.9..~.,.~g,9_,!!~9__ .".... "" .... "..,..
- Turbine Exhaust Seldom Sometimes

......._~g.~.~,~.0_~.i_~,2." ...•........ _ ... ......... -. ...........

......~_P.!.~~_~.!__~SJ_~t_a_s,~_~.~pl.~'2g.,.. Seldom No
- Equipment & Bearing Ves Ves Ves

Cooling
Process Water Ves Ves Ves
Boiler Feed Water Requires more extensive

treatment; use of reclaimed
wastewater generally not
recommended

Washdown water Sometimes Seldom Ves -~
Site Irrigation No. No Normally

From UNESCO, 2006
Source: Asano and Visvanathan, 2001.
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7. Matching Quality and Use
A useful summary of possible water use versus sources and quality (AATSE, 2004) is
provided in Figure 4. This summary is based on Australian practice but could apply
almost anywhere. The central idea is the productive reuse (reclamation or recycling) of
water. In other words, obtaining additional service (productivity) from a given amount of
water rather than simply the original single use to which it was put. The benefit is that
discharge (frequently as waste) back into the hydrological cycle is avoided after just this
one single application. The intent is that water impacted by its first use should be put it
back into service as economically as possible. This may be as straightforward as a direct
application with no treatment, if the quality is fit for the intended use. On the other
hand, if extensive treatment is required, its viability will need evaluating. In a similar way,
primary sources such as groundwater and surface water that have suffered impacts will
have economical uses other than restoring the supply for human consumption with
expensive treatment.

Figure 4. Possible Water Use versus Sources and Quality

Table 18 National Waler Quality Guidelines Water Sources

. Curren! Situation and Future Requlreme"ts Quality of Reeycl.<I Water

(Rathjen (It a/. 2003) Potable Highly Medium ,~
Water RainWater Stomlwater '" .. Treated Treatment T....at"'.nt

Functional Use Areas

Portable Residential! Commercial
Substitution Uses Indoor TolI.,Flu.hln9

Clotho. W•• hln
Sho_,ln iil.th.
Hot w.t., s .Iom

Pn"~1 I fond Prep"."on

Residential I Commercial Rnl~""tI.II,nll""o •• nd 0111... <1I.n
Outdoor ou'don, .....

Munlci~al Controlled Accus
P.tl<. & SI'O".gl'O<lnds .od

R~,""Ion.1 AOtl...llin

Municipal Uncontrolled P.tl<. & SI'O<tsground •• nd
Access R.o_Uonol Acll ...ltI...

Fire Protection 5 stems

Industrial Process Waters OpenS t.m.
Cloud loo S "Om.

Food .old "nproce""; "nd In d'reOl
New Water Uses A r!culture «lnraOl ,.;th ""Yolod W.lOf

Food pmoo.Oe<l.nd notln dirK'
ton1llc\"tOiIh'K~e~"'>I"

P•• ,","
tlon Food Cro

I Quld"i""" Nan ~.I'le'" '" Requir.
MajarW<rl.

Ou""'loo •• E.", • Requ,,,, War!< ~

From: Australian Academy of Technological Sciences and Engineering (2004).

Another Australian study (Kinhill, 1999), based on an industrial survey, looked at
viability and compatibility between water source and use. A model was developed for
general assessment to provide a frame of reference in terms of relative ranking for the



potential for reuse (the study uses the term recycling in this sense) for municipal and
industrial water.

Source viability was defined by certain limiting criteria as follows:

• Proximity to reuse application

• Water quality

• Volume/consistency

• Cost reused versus cost potable

• Pre-treatment requirements

• Health risk

A ranking system was developed and the results indicated that internal industrial
process water had the highest potential viability. Treated municipal water was a close
second and external industrial process water somewhat further back, both being more
dependent on limiting criteria.

Internal industrial process water reuse is recycling within a plant to reduce potable water
requirements. External industrial process water reuse is the exchange of all or part of the
process water from one plant for the equivalent potable water of another plant. The
receiver may have to pre-treat the water.

The second factor was source/user compatibility defined as "the level of comparability
between known process water outputs and known process water inputs for municipal,
industrial and unit processes." The results were the reverse of viability in that external
industrial process water, as a source, generally had the highest potential use. This is
because primary process exchange water is compatible with other user quality
requirements, being equal or better than potable water. Internal industrial process water
was least compatible because the quality is process dependent.

Interestingly when the viability and compatibility results were combined. there was little
difference between internal industrial process water, treated municipal water and
external industrial process water. This does not distract from the merits of the approach,
which provides a useful tool to evaluate different factors. However, the authors point out
that the assessment ranking values must be determined for individual cases. Also it is
worth noting that water quality is the largest overall factor in this approach as it really is
the basis of compatibility and has only a smaller role in Viability.

264



The study indicated that a few major types of reuse were feasible:

• Internal recycling by industry that"uses a lot of water, as the distance between source
and user is not a factor and the same organization controls supply and demand.

• Municipally reclaimed water for cooling water, as this is used in many industries and
volume demand is large.

• Municipally reclaimed water for ancillary production, such as in foundries.

Overall, in looking at these factors the evaluation concluded that treated municipal
effluent has the best potential for reuse. This was attributed to its known quantity and
quality and the fact that it could replace potable water in a wide range of industrial uses.
While internal and external industrial process waters have similar potential, they were
limited by process quality and volume.

The practical question raised is how to accomplish the actual matching in the field and
on site? Should this be on a local, regional or a national scale, recognizing that both
water management strategies and engineering considerations come into play? It may take
the form of matching water quality to supplying an existing use, or the reverse. where a
corresponding use is made of an available supply of a certain quality.

With agriculture, crops are matched to available water quality in many areas where
irrigation is practiced (CDWR. 2005). This is an important part of water quality
management as these supplies are generally not treated.

California has done much work using water blending (CDWR, 2005). High quality
supplies are blended with lower quality supplies. Treatment is matched to source water
quality as required by regulation. This way higher salinity water becomes more usable
and concentrations of bromide and organic carbon in other sources are reduced.
Blending may even be done by using different water from different depths in the same
reservoir. The blending may involve groundwater, surface water and imported supplies.
For example. reclaimed stormwater from wetland systems and treated effluent can be
blended for non-potable recycling systems (AATSE, 2004).

Water quality exchange is being considered to improve both quality and reliability of
supply, Such exchanges may involve infrastructure improvements in exchange for access
to better quality water. They may also be "no cost" arrangements, possibly on a seasonal
basis where, for instance, urban areas could provide agricultural areas with surface water
and thus save on groundwater supplies in periods of peak demand. The agricultural
areas would return groundwater during the fall and winter when they have excess
capacity. Moreover, similar to water exchange in agriculture, one industry could accept
wastewater from a neighbouring industry or municipality, provided suitably consistent,
not variable, quality is available. Common uses for reclaimed water are industrial cooling
and power generation, However, in Israel over 80 per cent of its treated sewage effluent is
used for agricultural irrigation (UNESCO, 2006).
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For urban use, supplying reclaimed water requires two sets of piping, one for potable
water and one for reclaimed water. However, this dual reticulation system is only
economically feasible with new construction: retrofitting would be prohibitively
expensive. It may be economically feasible simply to treat the reclaimed water to potable
standards and add it to the supply.

Perhaps more controversiall~ from public perception, reclaimed water may be used to
recharge aquifers to augment the supply or resist salt water intrusion.

In industry, water management may take the form of internal or external measures
(UNESCO, 2006). The internal measures are at the plant level and involve the principles
of cleaner production. The nature of the process and the degree of wastewater treatment
affects how water quality and use are matched. Typically such measures include, stream
separation, raw material and energy recovery and reuse of waste and wastewater. In
terms of product transportation, a switch from using water to pneumatic or mechanical
systems will provide more water of improved quality. The implementation of the
measures is based on a systematic assessment of their feasibility.

Stream Separation is based on the, fact that it is more difficult and more expensive to
treat wastewater containing several contaminants than wastewater containing only one.
Mixing concentrated effluent with diluted effluent may not produce the desired effect
and the resulting larger volumes may still require treatment. The diluted stream may be
suitable tor direct reuse or discharge, and the concentrated stream may have less volume
and be easier to treat. The number of treatment technologies (discussed in the next
section) now available may make stream separation a more viable option.

Unconverted raw materials may remain in liquid waste streams and their recovery may
be economically attractive. The resulting effluent, less the raw materials, may' then be
easier to reuse. In a similar manner, wastewater containing oil, used solvents, starch and
so on can be traded for its residual value or reused, Waste registers can be set up
between adjacent industries to allow more productive reuse of such waste streams.

External measures will also factor in better reuse of wat.er from industry, These are more
in the line of water management strategies on a broader scale, often brought in by the
government. The nature of industry in a region will influence these strategies. They
include:

• Water recycling and reuse policies with associated regulat.ions or guidelines;

• Grouping of industry to combine treatment and reuse methods;

• Budgeting or allocating water use;

• Economic incentives or penalties, such as credits and fines; and

• Water demand management. and payment for water and discharges.
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As can be seen these strategies are a variety of "carrot and stick" approaches that will
either encourage or force industries into compliance. The results have generally been
shown to be a win-win situation benefiting industry and conserving and improving water
and its quality.

8. Treatment

Matching use to quality assumes that suitable treatment is available. The treatment may
apply to recycled water or discharged water or as pre·treatment to supply water. The
constraint on treatment relates to cost rather than technical capability to achieve high
quality water. "A view has been expressed that any water can be made safely potable if
strained through enough money." (AATSE, 2004). Revolutionary technological
breakthroughs that will transform the treatment of water seem unlikely, but there are
many incremental technological advances and continual cost reduction (TEBS, 2007).
The idea is to commission the most economic system for the level of quality required.
The US EPA (website) has presented a summary as follows in Figure 5.

Wat"r
CollflCllDn
S\'$tem

t
Primary ...........
Treatment ~
Sealmenlallon

.. No uses
Recommenaed
at this level

Figure 5. Treatment Quality andWater Use

Suggested Water Recycling Treatment and Uses·

•Increasing Ilt¥el of tRh'ltment

Secondary Treatment Tertiary/Advanced Trelllment
Biological OXidation, .... 1. Chemical CoagUlation, FillraUon,
DIsinfection Disinfection

• Surface irrigation 01
orchards and \/ineyards
• Non·Iood crop ilTigation
• Restricted landscape
impoundmenls
• Groundwater recharge
of nonpotable aquife'"
• Wetlands, wildlife
habitat, stream
augementation-
'Induslrial cooling
processes ....

• landscape and goll
course irrigaUon
• Toilel ~ushing
• Vehicle washing
• Food crop irrigalion
• Unrestricted
recreationa.l
impoundmenl

• Indirect potable
reuse: Groundwaler
recharge of potable
aquifer and surface
water reservoir
augementation-

to SUgg@6tsd U:Eie-& aUt ba&sd an

Guidelin@6 for Water Reuse.
develop"dbr U.S. EPA.

.... Raool'T1tn8nde-d level or
IncreaBing 1"l1li1of human ""POSUI'It ---... lI"<lalmsnlis sile~"'No.

From: http://www.epa.gov/region09/water/recycling/index.html
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There is a wide array of technology available that broadly falls into four categories:

• Physical treatment (e.g. settling, filtration, reverse osmosis);

• Chemical treatment (e.g. adsorption, flocculation, chlorination);

• Biological treatment (aerobic or anaerobic); and

• Specialized processes such as phosphate reduction and sulphate removal.

In addition, there are some more enVironmentally oriented treatment options such as
natural attenuation of organic groundwater contamination and flow through constructed
wetlands.

The technical evaluation of the science behind specific treatment technologies is beyond
the scope of the present discussion. However, the criteria for technology selection and
implementation bave relevance as to whether the technology is implemented. Untreated
water will be frequently wasted, whereas treated water has a wide variety of potential
uses depending on the level of treatment. Significant factors including some from
Marsalek, J, et al (2002) include:

Demonstrated History of Application and Effectiveness. This includes pilot testing
requirements, full scale field testing and demonstrations, and showcasing to win public
interest and government support

Performance Criteria and Validation frotocols. Performance criteria are useful in producing
the relevant water qualities and validation protocols that allow particularly innovative
technologies to be validated against criteria accepted for various applications,
Performance also includes being able to treat a sufficient quantity of water in an
acceptable time frame.

Feasibility and Ease of Implementation. Commercial availability, the schedule and time to
implement a technology, the constraints with respect to the local situation (both the local
water to be treated and the logistical situation), and the relationship to infrastructure and
its future improvements are all significant factors,

Regulatory Acceptability. and Permitting Requirements from Various Government Levels.
"Regulations also encompass safeguards to address any concern"s such as a demonstrated

record of health and safety protection and environmental sensitivity.

Acceptable and Reasonable Costs. Costs are a life cycle expense and include permitting
and licensing, pilot testing, implementation, equipment operation (energy) and
maintenance, monitoring. as well as financing costs, anticipated revenue and payback
time.

Social Acceptability. Acceptance by the public and end users is critical as much in the
sense of perception than anything else. There is an inherent reticence, for example, to
reuse treated water from sewage even though the quality is acceptable. Moreover, there is
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public concern over the potential presence of contaminants in the water for which there
are no gUidelines and hence no testing.

The standard and application of Best Available Technology (BAT) relates to all of the
above considerations. Implementing BAT can incur significant costs and may take time,
so transition periods are necessary and its implementation by regulation needs a
thoughtful approach. The objective is to find the most effective technology which is
technically viable, can be implemented economically and is reasonably accessible. It is
felt by some that simpler approaches, such as sand filtration and enhanced wetland
treatment, may be easier and cheaper to implement and may playa significant role to
help solve the vast majority of the world's water shortages (TEBS, 2007).
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9. Planningand Implementation
Once the gUidelines, standards and technology are available, and in many places they
are already well developed, it is the mechanism for getting them into action that is
critical. This involves the policy planning that leads to implementation. It also includes
legislation: regulation tends to produce a response from industry. It is a question of
environmental governance. As with other aspects of this issue, the levels of mechanisms
range from international to local, covering trans boundary water issues to local
watersheds.

At the international level, initiatives include agreements and conventions, Best
Erivironmental Practices (BEP) and ISO 14001 certification. These have some force as a
function of the economic competitiveness and internatiOI~al image of industries that
abide by them. In many cases, their effectiveness depends on self-regulation.

On a country basis, water demand management is a key factor and is a main component
of water efficiency plans (UNESCO, 2006). This is driven by policy decisions about
charging or not charging for water and wastewater, about complianc~ and about financial
incentives that include everything from subsidies to funds for research and development.
Evidence from North America indicates that where water supply has developed
independently of wastewater management, it has led to the inefficient use of water from
a total water cycle perspective (AATSE, 2004). "A lack of integration in potable water,
sewage, stormwater and groundwater resource management can result in irrational use of
resources and failure of market forces." (AATSE, 2004).

On a local or plant basis, strategies form a structured protocol of evaluation whereby a
plant and its processes are studied in a series of stages with respect to the feasibility of
improvements. This applied economic analysis forms a Cleaner Production Assessment
(UNESCO, 2006) that results in a plan of action.

Important at all these levels, but especially the local level. is public and community
communication and consultation with a view ,to gaining acceptance. Public acceptance of



using reclaimed water hinges on fears such as drinking polluted water, rather than on the
scientific evidence. These factors may influence industry to avoid reclaimed water
notwithstanding the economic benefits (AASTE, 2004). So public attitudes and
resistance to change have to be understood and the process of stakeholder involvement
may well be successful in this aspect as it has been in many other public arenas.

Cost and financing. as with most things, is the final arbiter of implementation. For
example, in Canada, the low price of water serves as a disincentive to water reuse and
innovation (Marsalek, ], et al (2002). The i\ATSE (2004) cites sixteen components
identilied by Mills and Asano (1998) that influence the market for reclaimed water. They
could equally apply in most instances of matching quality to use and are condensed
below in Table 7 with this in mind. It is interesting to note that many of these points
would factor into any analysis of foresight with respect to the future direction of supply.

Table 7. Cost and Market Factors Influencing Supply

Component Comments
Specific Potential Uses Need to identify the market objective, e.g., saving potable water in

industry, environmental improvement.
Location of Users Piping infrastructure and pumping are expensive and distribution costs

are proportional to the market.
Fluctuations in Water Demand Recent and future needs should be compared.
Timing of Needs

Water Quality

Industrial markets have more regular demands than seasonal agriculture
and are more compatible with the supply of sewage effluent.
Matching water quality to use, Without a definitive market water might
be treated to a higher quality to provide better market opportunities.

Water Pressure Unpressurized water supply, though cheaper, requires users to incur the
costs of storage, pumping and distribution.

Reliability Industry requires an uninterrupted reliable supply: agriculture may be
more flexible.

Disposal of Wastewater Will utilities provide this service in addition to supplying water?
Retrofitting Costs May be significant. Can be relieved in part by discounting water cost and

other measures.
Capital Investment and Operation and
Maintenance Costs
Payback Periods and Rate of Return on
Capital

Needs an economic analysis for further in house treatment of supplied
water if only a basic q~?lity is supplied.
Public fu ndi ng may be aff;'e'cct~e'"d-Cb'"y"'th~e"cC'o'CstC'sC'o'fec-nC'vc-;rC'onC'mC'eC'nC't'Cal"bC'e-ne'CfC';tC's-~
which are hard to quantify.

Cost of Present Water supply The connection between water resource management and supply is a
strong influence. Government control of both produces a different
climate than private sector comDetition such as in North America. Price
may be influenced by cross-subsidies.
Incentives. Competing alternative supply.
Industrial use may decline in increasingly knowledge-based econorriie-s.-
Industrial use may increase in developing countries and with agricultural
use drop off.

Water User Acceptance or Resistance
Economic Trends and Land-Use
Changes

Timing of New Developments Synchronization of supply with actual use.
Demand Requirements and Market How to estimate the demand and its time frame? Establishing the size of
Projections the market by a survey improves the chances of a successful project.

From: Australian Academy of Technological Sciences and Engineering, 200/-1, Source: Mills and Asano, 1998.

The price of water is very low and especially low when compared to other liquids. In
Canada the average price is about Can $0.086/L (City of Toronto, website) whereas
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gasoline is about Can $1.00/L and beer is about Can $3.00/L. However, it is generally
recognized that this does not represent the true cost of water. It is felt that it is inevitable
that water prices will continually rise, and that by paying more, efficient use will be
encouraged and better infrastructure will result (TEBS, 2007).
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Thus setting the price of water, based on some or all of the above considerations, is a
major driver in its use. Pricing strategies are dependent on water management and
influence water use. Low pricing encourages over use, and if reclaimed water is close to
the same price as potable water or natural supplies, end users will prefer the latter
(AATSE, 2004). In other words, matching water quality to use is as much, if not more,
driven by economics than anything else in many situations. As Benjamin Franklin said,
"When the well's dry, we know the worth of water". Only in cases of extreme shortage or
very poor quality would cost be a minor consideration in supplying a population's need.

10. Summary and Conclusions

General

Some general observations concerning water quality and use are drawn from an
Australian study (Kinhill Pty., 1999), with others from AATSE (2004), Maeselek et al
(2002) and UNESCO (2006), and though they may be specific to certain circumstances,
they would also appear to be generally applicable.

• Use and reuse (reclamation and recycling) of water are very dependent on quality. If
the quality for a certain use is not available, then the water is likely wasted.

• Quality must be based on standards related to use. There is a need to reduce
pollution.

• Good monitoring of quality is essential.

• New contaminants of concern, e.g. pharmaceuticals. are emerging and raising health
issues about potable water.

• Across all industry sectors, the driving forces are to decrease environmental impacts
and to reduce costs.

• Cooling and process water are significant water users in industry.

• The location of industries using large amounts of non-potable water should be
matched to sewage treatment facilities, or vice-versa. However, in practice industry is
located close to where the most available quantity and reasonable quality water is
found, e.g. lakes, rivers and groundwater.

• For reuse the focus is to replace potable water requirements and reduce demand in
the base resource.



• Water reuse can be COSt effective in replacing the existing non-potable use of potable
water in certain circumstances.

• The quality of treated discharge water is increasing because of stricter criteria; this in
turn makes reuse more attractive.

• Advances in treatment technology are increasing its reliability and reducing its costs.

• Major impediments to reuse include wat.er quality and the low cost and continuity of
alternatives.

• The use of reclaimed water is still limited, e,g, urban parkland, golf courses, non-food
crops. The same is tcue for stormwater.

• Wastewater effluent, stormwater and rainwater are best viewed as complementary
resources rather than problems for disposaL

• All the aspects of the full hydrological cycle should be considered and evaluated in
water management.

Actions

Management, Planning, Regulation

In the attempt to implement more productive ways of using water in industry, it is not
the technical know-how that is the main impediment but the will and the economics,
both in the private sector and the government. These involve water management
strategies on a broader scale, often brought in by the government. The nature of industry
in a region will influence these strategies. They include:

• The combination or separation of the ultimate management of water and wastewater
resources;

• Resolving conflicts of mandates between Ministries and government levels;

• Water withdrawal, reclamation and recycling policies:
Examples may include: "Water Resource Caution Areas", the mandatory use of
reclaimed water tor non-drinking water purposes in water stressed areas, the issue of
water rights;

• Streamlining approval processes between agencies;

• Institutional Strengthening projects supported by international organizations for
water agencies and ministries in poorer countries;

• Mandatory and voluntary standards, regulations and guidelines:
These often require updating with the latest science and should be written for clarity
and certainty in their application;

• Water quality monitoring requirements;:
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May include mandatory reporting and enforcement of compliance if necessary;

• Budgeting or allocating water use;
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• Economic incentives or penalties, such as credits and fines;

• Water demand management and payment for water and discharges:
As water may be treated more like a commodity and less like a human right market
based mechanisms may be required, such as watershed basin-wide pollution trading
rights and tradable water withdrawal rights (TEBS, 2007).

• Grouping of industry to combine treatment and reuse methods:
This may also involve locating new industries with large water demands of less than
drinking water quality near existing or new sewage treatment plants;

• Communication of the benefits of various measures and policies to the public to
increase awareness, encourage confidence in water safety and gain support.

As can be seen these strategies are a variety of "carrot and stick" approaches that will
either encourage or force industries into compliance. The results have generally been
shown to be a win-win situation benefiting industry and conserving and improving water
and its quality.

Research

A powerful tool to start the process of water optimization would be the continued
development of simple models and guidelines for the general assessment and ranking
(prioritization) of potential for reuse of water. This could apply to various international
and local circumstances and different countries.

Research is needed in:

• Integrated water cycle management;

• Effluent and stormwater reuse;

• Treatment processes to improve cost and efficiency;

• The long-term impacts of reclaimed water;

• Surrogate parameters for water quality monitoring:

• Incorporating rainwater into supply.

On a broader scale, research should also look at the longer term effects of climate change
on supply and quality. Plans and actions that may look suitable for the short and mid-
term may not fit well with longer term changes in the dynamics of the hydrological cycle
in various parts of the world. "Tbe potential of global warming to sbift tbe predictability,
timing and extent of natural rainfall patterns around tbe world could truly wreak bavoc in
terms of water availability, agricultural productivity and food supplies." (TEBS, 2007).



Zero Discharge

Zero effluent discharge, according to UNESCO (2006), is a key concept in matching
water quality to use. It seeks to find a use for all the effluentthar would be discharged by
recycling it or selling it on to another user. If an indust.ry achieves this goal then its
overall water consumption will equal its withdrawal. Practically, this means that
withdrawal will decrease to meet consumption. Perhaps there is some evidence that
conservation is working as rates of consumptive use seem to be stabilizing in the Great
Lakes Basin, but the reasons are not completely understood (Brooks, Undated).

This is linked to the "cradle-to-cradle" concept (McDonough and Brungart, 2002)
whereby manufactures provide a service to a customer who would use a product and
return it back for the manufacturer to recycle. They put forward two flows of materials,
biological nutrients which are biodegradable, and the other technological nutrients
which are non-biodegradable. The earth's natural cycles will take care of the former and
society needs to take care of the latter. The important point is to keep the two flows
separate to avoid cross-contamination. \Vater is part of both cycles and not
contaminating the quality of water in the biological cycle by the technological cycle is
paramount for the concept to succeed. This is, of course, what happens routinely at
present when, for instance, eflluent is discharged to rivers. So it follows that recycling is
critical and zero effluent discharge would mean that water would stay in the
technological cycle once it is used by industry. Therefore, for industry to be open to and
accept the changes required, the quality of the water and its use will need to be
technically and economically well matched in perpetuity.

Closure

So as long as there are good supplies, and many places still have them, where is the
incentive to do anything? In the National Geographic Special Edition of November 1993
it was stated, "Except for floods and drougbt, we ignore water ..... It comes to our taps wben
called. It drains away to somewbere else .... Like good bealtb, we ignore water wben we bave it.
But like bealtb, wben water is tbreatened. it's tbe only tbing tbat matters." It is well
recognized that we are diminishing the quantity and quality of our water on every scale
from global, to regional to local. The outcome is obvious and self evident and in many
parts of the world the consequences are already present, namely lack of water,
contaminated water, and the health and economic fallout from this. It's just a matter of
time.

The recognition of this problem and its likely acceleration and disastrous results, and the
ability to measure and track the status, provides a starting point to plan ahead and start

, a process of recovery. It is a matter of philosophy and this is where the foresight comes
into play. We can see the problem, we understand it in many ways, we have the technical
know-how - but putting solutions into action is the key. The stimulation and incentive to
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do this require innovative thought and foresight, will power, and persistence linked to
sustainability.
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Water Recycling and On-Site Reuse
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Abstract

The possibility of using less water in technology and industry is obviously desirable, It
reduces pressure on the environment from the point of view of both water withdrawal
and discharges. To introduce recycling, reuse or multiple uses of water in industry, the
feasibility of all aspects, from the process system to the effluent discharges must be
evaluated including the cost of new plant infrastructure and operation costs,
Environmental benefits must also be considered in their specific context of avoiding
externalities and quantifying the results into fiscal measures, Based on these
considerations, many full scale improvements involving industrial reuse have been
carried out in Europe, and with respect to agriculture, in less developed countries.
Discussion of these examples illustrates the value, feasibility and limits of water reuse,
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1. Introduction
In developed and developing countries the problem of consumption of water resources
from within the hydrological cycle by industrial activities is becoming an increasingly
more important issue for both the public and private sectors. On the one hand, there is
the problem of water shortages and on the other, the impact of both direct and indirect
discharges to receiving bodies. These increasingly significant problems are being
addressed either by feasibility studies to determine viable solutions or by the application
of technology on different scales, from demonstrations to full scale applications.

End of pipe technology is frequently used to limit the environmental impact of industry.
This can also apply to treating an original water source. If the quality of the source water
is known, it is possible to set up a treatment train to reach a desired quality downstream.
It is also necessary to consider the quality of discharge water and the standards required.
This in turn allows a suitable design of process and treatment facilities to reach the
desired performance.
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Thus, while natural sources of water and the needs of industry are different they are
interrelated. They have different quality standards relating to their different uses, for
example, pre-treatment is required in one case and final treatment in the other.
Treatment in turn is dependent on its feasibility, its cost and resource consumption.
Moreover, the distances involved between source and treatment and final discharge are
significant.

An immediate solution to these problems faces financial hurdles, not only related to the
pre- and post-treatment reqUired, but also to final chargesltariffs for the water. In trying
to achieve these ends, the water balance of the resource must be maintained as much as
possible, as well as the equilibrium of any receiver.

The problem facing both public (Regions, Water Authorities, Environmental State
Administrations) and private organizations is that, as water resources are generally
considered to be unlimited, they can be used but with increasing cost. This neither
appears to be economic nor feasible unless Significant imbalances are accepted. The
alternative, which is becoming increasingly common (and which is the subject of this
paper), is to limit withdrawal and to recycle and reuse the discharges and effluents. This
reduces the impact on water resources and reduces the effluent loads.

Such processes will likely comprise closed loop or semi-closed loop cycles which take
water from a certain point in the process, treat it and return it to the process to be
passed through once again. To accomplish this end, the environmental, economic and
managerial aspects must be considered.

In terms of technology the problem is to design a cost effective treatment process that
will take low quality water and turn it into higher quality water. This is a similar problem
to an open circuit except that the quality of the water at the beginning and end of the
process is less well defined. In fact, it is necessary to evaluate effects of reuse on the



process and the ultimate water quality. Moreover. in order Jor the polluted water to be
reused a detailed evaluation of its quality is required. In addition, it is necessary to
know the possible transfer of contaminants or their accumulation.

In addition to the industrial users, it is necessary to consider the management of
environmental effects on potential bodies of receiving water. The understanding of the
environmental and economic effects of withdrawal and discharge is complementary to
understanding the industrial issues. The varying beneJits that will derive from the
different interrelationships between the two is an important objective,

Micro and macro-economic elements, both internal and external to industry, have been
noted. Their significance in terms of increasing industrial costs and also optimizing
environmental benefits leads to solutions that will be discussed later.

Finally, it is important to note operations. A traditional scheme of water withdrawal, pre~
treatment, use of the water, assessment of its state of pollution, final treatment and
discharge involves transmitting information from one professional to another involved in
the process. Each professional manages his/her part in the water cycle based on
information provided by the others, However, there is no need for interdependence as in
the case of a closed loop water cycle where each stage is either the consequence or the
cause of others, and also affects them. This increased integration requires more
coordination which is one of the big challenges for reuse policies.

As a starting point, it appears that in general free water withdrawal combined with end~
of-pipe solutions is not the best option. Recycling and reuse with closed loops appear to
be viable but their application requires planning.

The problems noted above form the basis oj this paper. The intention is to highlight the
possibilities, methods, problems, environmental advantages and, in certain situations,
the economic advantages of reuse. Some examples are given to more clearly illustrate the
significance of the approach.

2. Quality of Discharge Water from Different Origins

A complete analysis is the first step to determining the fate of any discharge. The results
will determine where it can be discharged. the feasibility. the treatment necessary and
the associated costs.

It is important to understand thaC industrial wastewater transports residual
contaminants. The water removes any raw material not used in the process as waste.
This washing and transport function is very obvious in galvanizing operations, the
mechanical industry and the textile industry. It can also be seen in the use of cooling
water to remove thermal energy (as heat) that can not be utilized.
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A plant operator must be able determine when and how to reuse wastewater (and the
problems and costs 01 doing this), or to discharge it. Good analytical data is important to
establish the relationship between the process and the effluent generated.

There are many references in the literature concerning the relationship between effluents
and the processes that generate them. However, there is much variability in the analytical
data which is a function of the process, the raw materials chosen and any additives used
in the production. A general approximation can be lound in the literature but these
values should be confirmed through testing.

From the point of view of chemical mass transfer, it is possible to trace the cause and
ellect relationship lrom the generation 01 a pollutant to its transler to an effluent.
However. specific numerical values can not be determined.

It is also important to note that the combined eflect the main raw materials and the
processes have on the generation of effluents is relatively well known, as there is almost
a direct connection between them. This is evident from the presence of chrome in wash
water discharge in the galvanizing industry, or dyes in textile wastewater, or COD in the
sugar refining industry. It is more difficult to detect the presence 01 secondary
components, such as additives in the raw materials, which can cause pollution. It is
possible to consider the presence of mineral salts in animal feeds or the use of ammonia
products in the textile industry and the, consequences of these substances in the
effluent. However, they are dillicult to identily unless experimental means are used.

If the quality 01 the effluent is known and it is reasonably constant, it may be possible to
use stream separation. If a particular contaminant is identified at high concentrations, it
may be possible to treat it more elliciently. Indeed, uselul material may even be
recovered from such a process.

Stream separation is commonly applied to the separation of cooling water and process
water. It is a very useful tool regarding treatment and reuse, Each stream can be
characterized and reused, treated or discharged accordingly.

The quality of discharge water can be used to determine a more environmentally
acceptable, and possibly cheaper, alternative such as recycling than end-ai-pipe
treatment.
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Such operations require plant modifications and these in turn require feasibility studies
and co~tbenefit analyses. Innovative reuse and recycling scenarios, particularly those
looking at separate discharges, should be critically assessed. They should be considered
as alternatives, and given preference, to conventional management that uses combined
streams to save money and requires less plant modifications.

It should be emphasized that the scope 01 the analyses should be based on knowledge of
the particular industrial process producing the effluent, and on the chemical
characteristics of the substances involved in the process. This way useful results for



treatment technology and discharge can be obtained. Close cooperation between the
processing side and the treatment side of an industry is required.

Finally. it is important that the analytical results of effluent quality are used to improve
the upstream process, the methods of stream separation and the types raw materials. If
necessary changes could be made to the raw materials to change the quality of the
process water discharges, especially regarding their possible reuse. Again it is worth
stressing the importance of communication between the analytical, planning and
production components. It is normal that they will have different objectives but only an
overall evaluation will realize optimal gains

3. Recycling, Reuse and Multiple Use

The methods and policies discussed in this paper are aimed at reducing the overall
consumption of water and the corresponding wastewater, given the original production
conditions. This relates to the repeated and best use of the same volume of water with
efficient treatment.

Reuse can be achieved in two ways. First, reuse for the same production process where
treatment takes place before the water is used again. Second, reuse of water in
consecutive compatible stages, gradually requiring less treatment but needing to be
hydraulically balanced between the stages.

Recycling of water in the same industrial process with treatment in between appears to
be conceptually Simple. It makes sense hydraulically, it can be automatically controlled,
it works through treatment in well established sequences and only needs limited
modifications of the water system, However, without partial extraction and replacement
of water, contaminants may accumulate limiting the quality of the water for reuse and
reducing its value.

In general the advantages of recycling have outweighed the disadvantages, especially
where secondary products can be recovered. For example, there are the washing
operations in the galvanizing industry, and the recovery of pigments in the paint
industry through ultra-filtration and the reuse of water.

An alternative is to recycle water that has been treated to various degrees from one
production stage to another by meeting the qualit.ative requirements of the subsequent
stages. Apart from a substantial natural resource saving, equal to the previous direct
reuse strategy, there are different advantages and disadvantages for this solution.
Advantages include the absence of contaminant accumulation, the possibility of
intermediate reuse without treatment, and the broad possibilities of multiple use.
Disadvantages limiting consecutive use include the need for hydraulic balancing
between different operations, the necessity of engineering modifications to the water
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network to move the water around between processes, and the final effluent containing
the mixed residues of different processes which is harder to treat.

Some multiple use applications, such as the sugar industry and the iron and steel
industry, have had good results in terms of costs and benefits, but much less frequently
than the direct reuse approach.

4. Technological Treatment Possibilities

As discussed in the following section, the water quality required for recycling or reuse is
different to that acceptable for discharge. either into a surface water body or municipal
sewers. In these latter cases, environmental concerns and public health and safety must
be considered. However, for recycling and reuse, the quality depends on technical
considerations. Treatment is designed with these standards in mind. However, the
treatment must be easy to control and possibly recover contaminants for secondary uses.
The generation of sludge or other residuals may provide an undesirable obstacle to
treatment, particularly as their disposal is difficult.

Treatment systems such as activated carbon, sand filtration, ion exchange and
membrane filtration meet the requirements of recycling and reuse noted above. However,
chemical-physical coagulation systems or biological oxidation systems, though effective
in final treatment, do not adapt well to automation and produce residual materials.

It should also be noted that all these systems basically lead to the segregation of
depurated water flows that can be sent for reuse, as opposed to a concentrated flow
(regeneration water, concentrated or counter-washing liquid eluates), which can also be
evaluated for a secondary destination.
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The cost of the treatment, including the equipment and operation, needs evaluation both
from the company's business perspective and also the broader environmental benefits.
These two aspects are not always compatible and a final decision on reuse will require
public information and input.

From a company's point of view there are two costs that must be compared. The first is
the cost of the connection to obtain primary source water plus the cost to discharge it.
The second involves reuse where the cost of the water and its discharge are negligible
but there is a cost for treatment. The financial comparison is easily done and proVides a
preliminary indication of the possible cost advantages of reuse.

The company must also consider other financial implications that are more difficult to
assess. These include quantifying the performance value of water in the process, the
savings or costs associated with discharge, and the difference in costs between open and
closed circuits. There are no generalizations with regard to the results of such an
analysis, but the evaluation is straightforward.



External costs must also factor in the comparison. These comprise the reduction in the
existing charges for the supply of water from the system and the resulting discharges.
The savings to industry are not easy to calculate but. the reduction in revenue must be
taken into account by the municipalities that provide these services. Municipalities have
financial tools at their disposal, including incentives for reuse, and penalties for
excessive use and discharge that can mitigate against the environmental consequences
of industrial reuse or lack of it.

The evaluation of the reuse of cooling water is straightforward and the same method can
be used for process water. In this case, the potential accumulation of contaminants in
the system must be considered with the hydraulic and thermal loads.

A final point to consider is the necessity of partial extraction and re-filling in a closed
loop system. A recycled flow cannot. by definition. have an efficiency equal to one and
the efficiency is low or nil in terms of secondary products that are not treated, as
treatment plants are generally designed for. the main contaminants. In the galvanizing
industry. for example. the removal of heavy metals is very efficient, but there is little or
no removal of the salinity that concent'rates in the recycling process. Similar observations
can be made in the recycling of cooling water where there is efficient temperature
reduction by evaporation through cooling towers, yet conductivity tends to increase.

In order to maintain steady-state water chemistry during recycling, cleaner water ~ust be
introduced to compensate for the withdrawal. The degree of this intervention depends
on the amount of accumulation that is acceptable in the recycled water and the quality of
the input water. Therefore, in general, recycling systems are semi-open systems whose
calibration depends on the balance of accumulation within the process.

The importance of good analyses 01 water quality is again obvious with respect to
contaminant accumulations. The feasibility and limits of reuse must be studied because
the potential loadings resulting from a closed cycle are determined from even low
concentrations of chemicals. Such low concentrations are not an issue in discharges but
are Significant in terms of accumulation in reuse.

5. Characteristics of Treated Water for Reuse

Treated water, from which most contaminants have been removed, may be recycled. It is
put through the same process from which it was originally derived, or reused in a new
way or different process.

Before recycling and reuse is discussed in terms of plant engineering, the necessary
quality of the water and the standards will be examined. These in turn are related to the
reqUirements of plant engineering and its costs. Thus, determining the quality of the
water for reuse is of fundamental importance.
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The following basic considerations are important regarding water quality for industrial
use:

• The effect on the final products,
• .The effect of the plant equipment,
• The health and safety of the workers.

Clearly it is important that the quality of the final product is not adversely affected by
poor quality water. Such effects may occur through the process itself, washing, or
contact with the raw materials or the product in various stages of production. The
effects, such as the release of secondary pollutants, can only be determined by
laboratory and pilot testing with water of varying quality.

It is also possible to use the quality of the industrial product as an independent variable
in establishing the necessary quality of source water. Alternatively, it is probably more
practical to balance the increase in cost, perhaps due to plant improvements, with the
increase in benefits from more efficient production or more water reuse.

Such optimization requires evaluation of the industrial costs, the costs connected to the
quality of the product and the costs connected to the environment. This is a clearly
defined procedure. The basis of the analysis requires a correlation between the quality
of the primary water and the quality of the product, or by increasing the cost to reach the
desired quality. The correlation is specific to each case and indicates the feaSibility and
limits of reuse.
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It is difficult to correlate contaminant criteria in primary water to different types of
production. Production and its problems is industry specific with its own pollutants and
chemical and physical conditions. Wide experimental analysis using good data on the
primary water and the chemistry of production can produce satisfactory results.

There is some generic, broadly based evidence in the literature concerning the limits of
product quality. This is generally valid for large industries, for example, textiles, paper,
petrochemicals, and food. However, within this the requirements for water quality can
be very different. Such values need confirmation by specific testing.

There is no experimental knowledge of the effect of contamination on the product. In
the past it was usually simpler and cheaper to obtain primary water from good quality
aquifers. Therefore there is no evidence of the effect of water quality on product based
on previous information.

Finally in a plant, cooperation is needed between the production manager and the
environmental manager, over optimizing the reuse of water.

The second constraint on water reuse and its quality are the possible effects of plant
equipment. These include scaling, corrosion, deposits and general contact with the
equipment. In this case, the range of the potentially critical water parameters is smaller
(salinity, conductivity, suspended solids, precipitating ions) and the reactions that can



take place have been widely studied and are well known. The biggest variable is the type
of equipment used with such factors as the chemical strength of the materials, the
presence of possible stagnation zones, and the necessity of thermal exchange.

This is a well known, well studied and well defined phenomenon in industrial
engineering. Therefore a careful comparative examination of the water quality for reuse
and of the structure in which the reuse will take place can quite easily be carried out.
This will establish the limits and feasibility or, more generally, the necessity of at least
partial cleaning and filling. This approach is fundamental for water used in cooling
circuits, in thermal cycles and for all the water that does not directly come into contact
with the product. The acceptable limits in these cases are quite easy to define and verify.

The last factor that may limit the acceptability of reused water more than any other, is its
possible effects on plant workers. Different exposure pathways may be involved -
contact, inhalation and ingestion. Whereas technological problems can be overcome in a
variety of ways, occupational health and safety is often harder to deal with and may
require expensive, time consuming solutions. In the workplace, it is difficult to establish
the cause and effect of varying water quality with many contaminants on workers. It
requires epidemiological studies, based on occupational health statistics, after the fact.
In summary. while it is very difficult to establish safe limits for workers in contact with
reused water. this situation should be well monitored.

6. Treatment, Recycling and Reuse Costs

When reuse is a possibility, the investment and changes in management costs must be
taken into account. The infrastructure investment is easily calculated once the input
water quality and the treatment parameters are known.

The modifications to the water circulation infrastructure are relatively simple in the case
of direct recycling involving a single operation. Only a disconnection from the system is
required, then the installation of a return system followed by a reconnection. The
modifications are more difficult when the entire network is concerned involving a series
of points and reconnections. This is a typical situation when an open circuit cooling
system is changed to a closed loop system. Here a series of equipment for the general
distribution and collection of water must be transformed into a dedicated network with
an integral cooling system. Such hydraulic modifications may not be feasible in the case
of old plants.

Similar problems exist for the multi~use of water. Here, water purified to a certain extent,
must move from one operation to another requiring a different distribution system
within the plant than an open circuit, which comprises the starting point for the
modifications.
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Sugar refining is a good example for evaluating the potential for reuse. The process uses
water of different quality in many ways, e.g.. washing the raw materials, diffusion,
purification of the sugar. As most existing sugar refineries are complex installations, a
radical change to accommodate the reuse of water would not only be difficult and
expensive, but installation may take a great deal of time. In this respect, it is preferable
to include reuse in the original design and construction of a plant, as modifications to
old plants may be difficult to justify.

Water reuse also saves operating costs by eliminating source water and discharge costs.
However, the costs for the disposal of contaminants that can not be recovered must be
included. Given the overall lower water flows, there will be higher concentrations of
contaminants requiring treatment. Such recovery is economically and environmentally
desirable, but is moderated by the necessity for stream separation to produce effluents of
suitable water chemistry to facilitate recovery.

Therefore from the point of view of industrial engineering, the cost of reuse may be
acceptable and result in less water consumption. However, a major constraint is the
need for a suitable water distribution network or the ability to carry out modifications at
a reasonable cost based on experience.

An example of water savings and reuse in the electro-plating industry is reported in the
BREF document for Surface Treatment of Metals and Plastics. By transforming from a
the UK benchmarking plant to a plant optimizing "good practice", the water
consumption dropped from 11,500 m3/year to 3,000 m3/year. The capital cost for the
change was estimated at £23,300 with an annual savings of more than £40,000 and a
payback period of 0.6 years.
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For textile wastewater, the treatment cost using a biological system is estimated to be
between 0.24 and 0.40 $/1000 L, while the corresponding cost with membrane
ultrafiltration is between 0.60 and 0.80 $/1000 L. However, as ultrafiltration leads to a
water saving of 0.30 $/1000 L, and a waste treatment saving of 0.60 $/1000 L, membrane
systems typically can pay for themselves in 0.5 - 2 years. Moreover, they have the added
advantage of better meeting increasing government regulations on wastewater treatment.

Even though general costs are difficult to estimate, as each plant situation is specific, the
above examples illustrate the potential economies possible from water reuse.

7. Environmental Benefits

The greatest benefits of reuse and recycling are the lower demand on source water
withdrawal, leaving it available for more appropriate uses, and less impact on surface
water receivers, Surface waters themselves are also sources in the process,

An important objective for government is planning for the best present and future uses
of water, by regulating withdrawals and discharges by financial or other means. It is



difficult to regulate the quantity oi withdrawal or discharge. However, qualitative criteria
may be used to regulate discharges leading to more sophisticated end-oi-pipe solutions.
On the other hand, financial means can be used to deter withdrawal or to favour reuse to
produce innovative treatment solutions. possibly with financial assistance.

The environmental consequences should be evaluated in advance of government
regulation.

First the eiiect oi diiierent withdrawal systems and reuse must be studied in terms oi
their eiiect on both the qualitative and quantitative water balance. Then the evaluations
must be translated into quantitative estimates of the resulting externalities. Finally,
financial instruments must be devised to encourage desirable, cost effective solutions to
overcome these externalities.

This kind oi detailed study involves the following concepts:

• Definition of the externalities produced or avoided. It is possible to establish an
economic value based on the eiiects, both positive and negative, to the quality and
quantity of water resources. The evaluation involves the entire system of potential
water users and is subject to great uncertainty with respect to definite numerical
values. However, the relative difference in value is important and can be used to
evaluate the economic effects of different practices.

• Translating the evaluations of the different externalities into taxes or incentives.
Government planning strategy must establish how the external economic value of
different water utilization practices can be translated into financial incentives for
reuse, and disincentives for high withdrawal. This needs to be carried out in a logical
process.

An alternative to the above discussion is to legislate standards into place that would limit
withdrawal and discharge. Examples of this approach are the prohibition of the removal
of water for industrial use from deep aquifers, or a maximum effluent load discharge to a
suriace water body. Such legislation should be based on consideration of its eifects, its
level of acceptability and its consequences.

The success oi such legislation depends on enforcement and the ability to impose
limitations on production, which might be economically and technically unacceptable.
Overall it appears that financial incentives tor reuse and disincentives for high
withdrawal offer a better solution for improved industrial practices.

8. European Examples of Recycling and Reuse

In Europe, modified industrial practices, progressive policies and regulations have been
widely applied. There are many examples of the gradual adoption 01 recycling and reuse
and also of industrial areas where reuse has been achieved by installing redistribution
networks for treated industrial water. In some industries the reuse of water is widespread.
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For example, the galvanizing industry reuses process and washing water. The iron and
steel industry and metallurgical sectors reuse cooling water from evaporation towers.
However, in some industries, such as textiles and food, only limited adoption has been
carried out because of the potential accumulation of deleterious substances that may
come from reuse. In fact, the high quality necessary in the final products may limit the
major reuse of water. The energy sector has also witnessed an important increase in
water reuse because of increased power demands and the consequent need to deal with
large quantities of cooling water.
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In a regional industrial setting, the location of similar industries next to one another,
such as the Prato area in the centre of Italy, has encouraged reuse systems. This has
produced totally modified water distribution systems in comparison with the former
practice of open consumption. In Prato a good example of reuse is a treatment plant
built with a capacity of 5,500 mc/h. Its input wastewater is essentially from the textile
sector (65 per cent of the volume and 85 per cent of the organic load). The treatment
consists of biological and physio-chemical processes with a final stage of activated
carbon. From here the treated water is sent for reutilization by the industries from which
it originally came. This reuse experience has been a very positive in terms of
performance (with the exception of the accumulation of chlorides), but limited by the
economics of the situation. The substitution of treated water for primary water in
industry is only feasible where local groundwater is scarce and the drinking water supply
is obtained from the water works or tanks.

In Europe, reuse in general has been driven by the problems of effluent discharges rather
than preserving primary resources. Local government water planning has focused on, .
water supply by using regulation and cost measures to encourage reuse while preserving
natural water resources, whereas industry has concentrated on discharges. However,
companies have been encouraged to adopt water reuse by tougher discharge regulations
and the increased cost of end-of-pipe treatment. In addition, the possibility if improved
recycling systems to control residual concentrations of pollutants, and thus avoid
emergencies and incidents with discharges, has been a further incentive.

Obviously, the cost of operations has played a role in this choice, above all in areas
where there is less water available and the original cost of the resource is higher. In the
future, an increase in water reuse and multi-use can be expected as part of industrial
restructuring, while direct recycling also appears to be increasing. In general, there is no
lack of input water so consumption need not be limited at this point but elsewhere as
discussed below.

An important factor is the IPPC Directive to improve reuse policies. Many member states
have adopted this policy and use it in permitting to require industries to use Best
Available Technology (BAT). In many BREF documents (the documents that are the
basis for identifying the right techniques for each industrial sector), like iron and steel,
pulp and paper, industrial cooling systems, and many others, there are clear procedures



for assessing an industry for reuse systems. It is also important to note that BAT
techniques, as state of the art, are considered to be economically sustainable.

9. Recycling and Reuse Systems in Developing Countries

The reasons for reuse of water in developing countries are very different from those in
other countries. The principal reason for reuse is the lack of primary water resources
rather than the problem of disposal. The need is to substitute a natural source with a
recycled flow. Significant pilot and full-scale tests in Israel, New Zealand, Australia,
Brazil. South Africa, the Sultan of Oman and in various African countries are examples
of this situation.

For industrial applications, saving primary water resources is important because they are
limited. However, despite the availability of practical technology and studies to

demonstrate its advantages, the actual savings and application of reuse are very limited,
probably because of the substantial investment that is required.

On the other hand, the reuse of water for agriculture is very significant. In many
countries outside Europe water is primarily used for agriculture and to a much lesser
extent for industry. Reuse of water for agricultural purposes therefore has social and
economic impacts, Moreover, water reused for agriculture sometimes is untreated. This
raises the possibility of contaminants ultimately entering the food chain. Hence,
effective ways of limiting contaminants in reused effluent are important.

Social acceptability of the reuse of water is very important. Demonstrations showing its
feasibility and good quality (lack of contaminants) are of fundamental importance.

10. Conclusions

On the basis of the above discussion, some conclusions can be drawn,

• A developed technological structure exists for the 9n~sitereuse of discharged water
after the removal of pollutants. This technology, which is qualitatively different from
that used for the final end-of-pipe treatment of a discharge, is intended on the one
hand to produce purified water for reuse and on the other an effluent which allows
the recovery of materials.

• Stream separation is important for reuse. Cooling water, process water and other
streams can receive better final treatment. this way.

• It is inevitable that reused water, and eventually the process water, accumulates
contaminants either accidentally or from the raw materials that are not totally
removed. Partial extraction and refilling can compensate for this and should be
designed to meet the necessary quality of the primary water.
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• The definition of the lowest acceptable quality for reused water that will not affect
production requires specific assessment. Potential damage to process equipment is
relatively easy to assess on a case~by-case basis but impacts to workers are much
harder to determine.

• Multi-use of water is an alternative to direct reuse in many processes. Disadvantages
include significant modifications to the system and the resulting effluent is very
mixed. Advantages include no accumulations, less need for intermediate treatment
and significant water saving.

• The advantages of reuse may be purely economic. Cost savings may be realized if the
costs of water and discharges are high, even accounting for the cost of modifying the
water distribution in a plant. The risks associated with discharges are also
minimized. Overall a general economic benefit will accrue from the reduction in
externalities, the conservation of water resources, and reduced impacts on receivers.

• The role of government planning is to judge the effects of consumption patterns and
conservation polices on water resources and the environment. Based on this they
should put regulatory, planning or fiscal instruments into place.

• Compliance legislation is generally reserved for the most critical situations, This
may limit abstraction from high quality aqUifers for uses other than drinking water,
or effluent discharge into water bodies that can not eliminate contaminants.

• Economic and financial measures are the responsibility of government and have a
great influence on decisions taken by others. Their effect can be evaluated in terms
of preventing externalities and the translation of such benefits into fiscal measures
and incentives for the private sector.

• Fiscal measures should include progressive taxation on. water withdrawal from
aqUifers with different water quality. This moves the burden of cost from simply
pumping to a more environmental cost. Incentives for financing technical
improvements directed at reuse must also be considered.

• In Europe, water reuse is driven by the need to improve on discharges and save water
resources, Even if this results in expensive practical solutions, it is a viable option
because of the externalities that are avoided.

• In some non~European countries, the reuse of water is mainly for agriculture and is
mainly driven by water shortages.

• More research is required in the areas of defining the lowest acceptable water quality
for various uses, to developing more suitable technologies for recycling of water and
also the materials in it, and for the more accurate determination of preventable
externalities and their translation into tax or other fiscal incentives.



• Increased reuse could be promoted by government and international organizations
by setting higher standards for surface and groundwater quality. This way water
reuse could show demonstrable effects on the preservation of water resources,

• Pilot projects, both for industry and agriculture, could be encouraged by
governments to demonstrate the feasibility of reuse.

• The high cost of modernizing water distribution networks is the main obstacle to
reuse or multiple uses of water. Financial assistance from governments or
international organizations could provide important support to encourage reuse.
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Abstract

The purpose of this paper on using reclaimed water is to provide a general review of two
issues: matching water quality requirements and quality monitoring technologies,

The following aspects on matching water quality requirements are presented; water
quality considerations, regulatory issues, water reuse, indirect reuse, direct reuse, water
reuse for industrial applications, and support of water reclamation and reuse,
particularly for industry. In addition. the quality monitoring technologies cover; water
monitoring systems, requirements of water quality monitoring. sensors. existing on~line
water measurements, and new developments in monitoring technologies.
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1. Matching Water Quality Requirements

1.1. Definitions
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Reuse is the use of treated water or wastewater for any beneficial purpose.

Planned reuse is the deliberate, direct or indirect use of reclaimed water without
relinquishing control over the water during its delivery.

Indirect reuse occurs when water, already used one or more times for beneficial
purposes, is discharged into fresh surface or underground water and is used again in its
diluted form.

Direct reuse is the planned and deliberate use of treated water or wastewater for some
beneficial purposes.

Indirect potable reuse is the planned addition of treated wastewater to water resources
designated for potable use.

Direct potable use is the planned addition of treated wastewater to the head-works of a
potable water treatment plant or directly into a potable water distribution system.

Reclamation is the treatment or processing of used water or wastewater to make it usable.

1.2. Water Quality Considerations

Abundant supplies of clean surface and underground water in the world have been taken
for granted until recent years. Severe contamination of many surface supplies has
occurred and increasing instances of groundwater contamination are being found. Thus.
the relatively fixed volume of available water may become less and less usable. Adequate
water pollution control measures must be taken and reclamation of water resources must
become the rule.

The quality and quantity of wastewater produced by the community depends upon such
factors as the source of supply. population density, industrial practices, and even the
attitudes of the local population. The quality of the environment can be improved by
reducing pollution at the source, prOViding adequate treatment of wastewater, and
recycling and reusing wastewater. Public support and some changes in social behaviour
will be required in most instances.

Water resources can be characterized by hydrodynamic features, physico-chemical
properties, and biological characteristics. A complete assessment of the quality of water
bodies is based on appropriate monitoring of above components. The quality of the
aquatic environment shows temporal and spatial variations due to a number of internal
and external factors related to a water body.



There are many parts of the world where good quality water is unavailable. Solving water
quality problems involves a multidisciplinary approach in which the required water
quality is related to municipal, agricultural, industrial and recreational requirements.

Water quality has an extremely broad spectrum of meanings. In general, the quality of a
water environment can be defined by:

• A set of concentrations, and physical partition of inorganic and organic substances,

• The type of aquatic biota (including bacteria and viruses) found in the water body.

In addition, the continuing increase in socio-economic factors has been driven by a fast
growth in pollution stress on the aquatic environment. This is mainly due to significant
increases in municipal, agricultural and industrial wastewater. After treatment,
wastewater can be either reused, or discharged to the environment, where it re~enters the
hydrologic cycle. This wastewater disposal can thus be viewed as the first step in indirect
and long-term reuse.

However, the desirable characteristics of water quality vary with its intended use.
Therefore, from the userls point of view, the term 'water quality' is applied to define
physical, chemical, biological, bacteriological and/or radiological characteristics by
which the acceptability of water is evaluated',What constitutes a desirable use is a matter
of considerable interaction between the social and political environment and the
economic ability to improve the water quality of a given region.

Water quality and pollution are determined and measured by comparing various
quantities and parameters to a set of standards and criteria. In this case, a criterion is a
scientific quantity upon which a judgement can be based, and a standard applied to a
definite regulation or limit established by an authority. Water quality standards are
usually based on stream standards or effluent standards. The reuse of water or
wastewater is becoming more attractive because more stringent standards are imposed
on treatment plant effluents.

1.3. Regulatory Issues

To ensure the safety of water supplies, standards have to be applied. Standards for
drinking water have been available for many years.

Although national standards may be set for drinking water, the qualities of river water,
municipal and industrial effluents, and reused wastewater are the responsibility of a
water management authority. Even so, the standards set must take into account the
possible transport of pollutants and the effects of discharges on downstream water users,

As wastewater reuse deveIops, it is important that standards be set for specific reuse
purposes. Standards' setting is a most difficult and critical job, with important economic
implications, and an authority must be created to ensure that they are followed.
Standards governing the quality of water in water bodies are common. In addition, there
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are standards directly applicable to effluents, though few countries yet have standards
for the planned reuse of treated wastewater.

As wastewater (treated or untreated) has been reused in agriculture for a fairly long time,
some countries have developed standards for this purpose. In the United States,
particularly in California, quality standards for irrigation and recreational uses of
reclaimed water have been established together with regulations relating to treatment
reliability.

The U.S. Environmental Protection Agency (U.S. EPA) has formulated a number of
criteria for reclaimed water used for recreational purposes. These criteria are as follows:
dissolved oxygen concentrations must be above levels to support game fish I and the
organic concentrations must not exert an oxygen demand which lowers dissolved oxygen
concentrations in the water below acceptable levels. In addition, dissolved oxygen levels
can be affected by heavy algal growth or the formation of an ice covering. Nitrogen and
phosphate compounds stimulate algal growth and accelerate eutrophication. Ammonia
can be toxic to fish. The level of toxicity depends upon other water characteristics,
including pH, dissolved oxygen, anq carbon dioxide concentrations. Fecal coliforms are
indicative of the presence of pathogenic bacteria and viruses which can cause serious
diseases.

Various criteria and guidelines for the use of reclaimed water in agriculture exist in
countries such as the United States, Israel, South Africa and Federal Republic of
Germany. Pollution limits for irrigation water have been recommended by the U.S.EPA,
however these limits are only general guidelines and can not be used as absolute
standards.

Water quality standards for industrial plants discharging effluent to recreational lakes,
for example, have been established by regional water quality control boards in The State
of California. The drinking water standards are presently comprehensive enough to be
used with reclaimed wastewater.

1.4, Water Reuse

Water has always been used and reused by man. The natural water cycle, involving
evaporation and precipitation, is one of natural reuse since the return of water and
wastewater to water resources is a fact of life.

The unplanned reuse of water is not new, and the planned reuse of water for beneficial
purposes has been done in some areas for many years. However, at the present time an
increased effort for far greater beneficial reuse of wastewater is needed. The water
available for reuse includes stormwater, agricultural return flows, and various
wastewaters. Normally, agricultural return flows and stormwater are used without
treatment. Reclamation involves treatment of municipal or industrial wastewater to make
it usable.



Water reuse or wast.ewater reuse is the beneficial use of the treat.ed water or wastewater.
Wastewat.er reuse means the use of treat.ed water for any purpose. The wastewater reuse
can be divided into indirect or direct reuse. Indirect reuse of wastewater occurs when
water already used one or more t.imes for domestic or industrial purposes is discharged
into fresh surface or underground water and is used again in its diluted form.

Direct reuse is the planned and deliberate use of treated wastewater for some beneficial
purposes such as irrigation, industry, prevention of salt water intrusion by recharging
underground aquifers, recreation, and potable use.

Potable reuse can be further divided into two categories as follows:

• Indirect Potable Reuse - the planned addition of treated wastewater to a drinking
water reservoir, underground aquifer, or other body of water for potable use that
provides a significant dilution factor;

• Direct Potable Reuse - the planned addition of treated wastewater to the head-works
of a potable water treatment plant or directly into a potable water distribution
system.

Usually the reuse of treated effluents is most applicable where large volumes of water are
used. The possible transport of the reclaimed water is an important consideration. A
wastewater reclamation plant need not always be located at the same place as the
~unicipal wastewater treatment plant, nor should the reclamation process be dependent
upon treating the total flow. Treatment processes work most efficiently and economically
when dealing with a steady flow of wastewater rather than with the irregular flow
normally experienced from urban sources, and this condition can be achieved by
withdrawing only a part of the urban wastewater stream.

In any reuse application there are a number of points to consider. One very important
question is whether the reuse will result in mUltiple rounds of recycling as this produces
a build-up of refractory materials, especially inorganic ions, which may require the use of
demineralization or other specialized processes. Reuses of municipal wastewater, except.
for domestic reuse, probably would not lead to multiple recycling. The reason is that less
water volume is generally returned to the municipal wastewater treatment plant than is
supplied by the municipal water system. Water losses in municipal systems are the result
of water treatment, distribution (leakage) and use, and from the collection, treatment and
disposal of wastewater. Such losses are quite significant in warm, dry areas where
domestic reuse is likely to be more common. For example, in the United St.ates it is
estimated that these losses range from less than 20 per cent in humid areas to about
60 per cent in arid areas.

The disadvantage of these losses is the need for substantial additional fresh water
sources. The advantage is that the steady state mineral concentration is reduced, and as
a result, the likely degree of demineralization required. Also, there is the flexibility to
demineralize either the reclaimed wastewater or the supplementary water sources.
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Another consideration of reuse is the character of wastewater entering a treatment plant,
especially with respect to industrial pollutants. Care must be used to exclude materials
that would be detrimental to the reuse application. This is especially true for domestic
reuse, but also applies to less demanding reuse applications. Some of these materials
usually may not be considered toxic. for example. ordinary salt brines would be
undesirable if demineralization was being carried out on the reclaimed wastewater, Water
having heavy metal concentrations or high total dissolved solids are usually considered
unacceptable.

The distribution of the reclaimed water must also be considered. A multiplicity of piping
systems. each one containing different quality reclaimed water. will not usually be
practical. There may be a number of large consumers in the vicinity of the treatment
plant that would make distribution simple and inexpensive. However, if the consumers
are widely distributed. one piping system in addition to the existing municipal water
system is almost certain to be the most that will be economically realistic. The
conclusion is that the reclaimed wastewater must be of a general quality to satisfy most
of the customers without additional treatment. Treatment such as that necessary for
boiler water feed would be excluded. since the present practice in water supply has
shown that such treatment is more appropriately carried out by the user.

In recent years. considerable effort has been made to develop advanced wastewater
technologies to reduce the problem of water pollution and to reclaim wastewater for
planned use.

Wastewater is reused in many countries, and by far the largest reuse is irrigation. In some
cases, untreated or mechanically treated sewage is used to irrigate grazing lands and
grasslands, but this practice is not recommended, In addition to municipal water,
discharges from breweries. starch factories. textile plants. dairy farms. and slaughter
houses are used for irrigation purposes,

The industrial reuse of effluents is becoming more common, and recycling within plants
is extensive. The term recycling is applied mainly to industrial applications. such as the
thermal electric, manufacturing, and mineral industries. When effluents are reused in
industry, it is common to use various treatment processes depending upon the quality of
the water needed.

Recreational uses for wastewater are found in a number of countries in the form of
artificial lakes and parks: golf courses are also watered with treated effluents. As would
be expected. the driest countries with growing populations are the most likely to turn to
reuse first.

Australia is regarded a dry continent and population concentrations cause some water
resource problems. The City of Melbourne has developed a unique reuse lor the city's
treated wastewater to irrigate otherwise barren land to graze a large number of cattle and
sheep. A master plan for water reuse has also been prepared.
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In Mexico, where large areas are arid or semi-arid, wastewater reuse is vital. Treated
effluents are used for irrigation and for industrial purposes.

Israel is a good example of country that is short of water and, by necessity, very active in
the wastewater reuse field, particularly for agriculture.

South Africa has long recognized the importance _of water reuse. The reuse of municipal
effluents for industrial purposes is widespread. In nearly all cases, the major use is for
cooling but some of the water can be used for steam generation a~d the remainder for
processing,

Japan is well aware of the value of water and the possible reuse of wastewater. In
addition, a Reuse Promotion Center at Tokyo has been established to promote the
development and practical application of water reuse technology by reclamation of
wastewater and desalination of sea water to cope with the very acute water demand,

The United Kingdom has made use of treated wastewater in industry. A particularly
interesting case has been the development of the direct use of treated sewage effluent in
the processing of wool textiles. The wool textile industry has some high water quality
requirements, but extensively treated sewage effluents were found to provide an ample
source of sufficiently high quality water.

In the United States, a number of wastewater reuse operations are mainly concentrated
in semi-arid states, such as Arizona, California and Texas, The main use of reclaimed
wastewater is for irrigation, In most operations, effluents reused for irrigation have
undergone advanced secondary treatment and have a storage time of two days or more,
and many irrigation sites are located up to ten kilometres away.

The reuse of municipal wastewater effluents by industry in the United States is about
half of the total reuse volume, The major industries using municipal wastewater are
power generation, petrochemical, mining and are processing, and basic metal
manufacturing, The predominant use is cooling in both once~through cooling and
recirculating cooling systems. In a once-through system secondary effluent is used, but
in recirculating systems shock chlorination, lime clarification, pH adjustment, corrosion
inhibition, filtration, and softening are applied. In addition to cooling, wastewater
effluent is used for boiler makeup and for processing purposes. The treatment steps used
to produce satisfactory water for low pressure boilers include lime clarification,
recarbonation, anthracite filtration, zeolite softening, and deaeration. Additional
treatment steps are taken for high pressure boilers. such as reverse osmosis,
demineralization through cation and anion exchangers, and mixing bed exchangers for
polishing. Reclaimed wastewater effluents have also been used for processing purposes
in the mining and steel making industries.

Treated effluents are also used in the United States for recreational purposes,
particularly in California, Arizona, and Colorado. Very often biologically treated effluent
is given additional treatment, for example coagulation, filtration, carbon adsorption, and
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disinfection. Wastewater effluent is used for the irrigation of football fields. landscaping
purposes, stock watering, vehicle washing and road construction. In addition, reclaimed
municipal effluents are used for groundwater recharge and/or salt water intrusion at
various locations. The use of reclaimed wastewater for domestic purposes is highly
controversial in the United States; however. it is used for flushing public toilets in some
places.

Many countries such as South Africa and Israel have urgent needs for wastewater reuse.
Some countries. such as the United States, are in the fortunate position of not having an
immediate need to use wastewater as a direct source of usable water. Therefore, a
relatively small amount of municipal wastewater is reused in the United States. In the
future though. the reuse of wastewater will be a necessity in many parts of the world.
Since it usually takes a long time to turn research results into practical use, the time to
develop and provide full-scale reuse is short. Therefore. it is the responsibility of
scientists and engineers around the world to provide the scientific and technological
basis to permit reuse for all purposes.

1.5. Indirect Reuse

In terms of indirect reuse, the increasing proportion of wastewater in many rivers should
be taken into account.

In a number of rivers in the United States. at periods of low flow, from 4 per cent to
about 20 per cent of the water has passed through domestic water systems. lf the volume
of industrial effluents is also taken into account, it would be expected that 20 per cent to
40 per cent of the river water at-low flow in some areas may be reused water.

In the Federal Republic of Germany, the Ruhr River has a reuse factor of 35 per cent half
of the time and has reached 85 per cent under severe conditions. In the United
Kingdom. the River Thames contains about 15 per cent sewage effluent when flowing at
an average rate.

The present treatment methods for polluted river water are based on those historically
used for relatively unpolluted river water. It would appear that not enough attention
might have been paid to the increasing amounts of wastewater in many rivers. The
inadequacies of these traditional methods are perhaps indicated by health problems in
parts of the world, particularly during droughts. It appears, therefore. that the public
health aspects of obtaining potable water from polluted rivers should be reviewed. When
rivers contain a high proportion of effluent. the treatment of water from them should be
regarded as analogous to the direct recovery of water from sewage or industrial effluent,
and safeguards appropriate to this situation should be imposed.

There is also an increasing need to consider the optimum location for water treatment
between wastewater treatment plants, rivers (self-purification), and water treatment
plants that produce potable water. There are two limiting cases,



• Wastewater is discharged with little or no treatment, all the purification occurring in
the river or at the water treatment plant,

• Wastewater is purified to as high a standard as that of the river water into which it is
discharged.

In the first case, the practice was common in the past but is rapidly disappearing. In
fact, raw sewage disposal into rivers is prohibited in some countries. Local authorities
are requiring secondary treatment and, in some cases, removal of nutrients (phosphorus
and nittOgen) because uncontrolled incidental pollution may well use up the natural
puriIying capacity of the river. In the second case, the type and degree of treatment
required at the water treatment plant is no different from that which would be required
in the absence of the wastewat.er discharge.

Almost certainly the optimum solution lies somewhere between these two extremes, and
optimization studies are required to determine it, taking into account all the costs and
benefits involved. This may be difficult in practice because some of the social costs and
benefits externalit.ies) can not be readily expressed in economic terms. Such
optimization st.udies are likely to be most successful where a single river basin authority
has control over the treatment and discharge of wastewater and the abstraction and
treatment of potable water.

The unintentional reuse of wastewater also occurs widely as a result of using river water
for agriculture, recreation, and industrial supply and, for these purposes too, there is a
need for appropriate safeguards.

1.6. Direct Reuse

Treated wastewater may be intentionally used in a planned way for a variety of purposes.
The direct reuse of municipal wastewater is becoming more attractive for two primary
reasons:

• Regulatory agencies are imposing increasingly stringent standards on wastewater
plant effluent,

• Populat.ion increases in many urban centres are placing an additional burden on
traditional fresh water supplies.

However, it is not expected, nor it is desirable, that reclaimed effluents will be piped
directly into potable water systems. In such situations, where the distance from effluents
to potable water is short, not only will the effluents receive advanced treatment but also
normal water purification procedures before the water is distributed. A variety of direct
reuse applications at' effluents has been demonstrated in many parts of the world.
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1.7. Water Reuse for Industrial Applications

The original concept behind the reuse of water and wastewater was to conserve and
better manage the general water supply for industry. However. the treatment and reuse of
industrial plant effluents should also be considered as a positive means of reducing or
preventing pollution in various water bodies.

Treatment methods for industrial effluents are numerous. and include. adsorption.
electrodialysis, evaporation, solvent extraction, emulsion breaking, foam separation,
freezing, hydration, oxidation, electrochemical degradation, oxidation, ion exchange,
reverse osmosis, ete. Industry uses water in many ways, particularly as a buoyant
transporting medium, a cleaning agent, a coolant, an ingredient in finished products, and
a source of steam for heating and power production.

Therefore. the water quality requirements for industry vary greatly with the type of
industry and the function of the water. For certain industries, quality requirements will
frequently exceed even certain specified standards for public supplies. Normally. water
quality criteria used in industry are based on recommended maximum concentrations of
impurities. For example, hard water affects many industrial uses because scale deposits
interfere with heat exchange in boiler and water cooling systems.

There are numerous examples of wastewater reclamation and reuse in industry, however
only industrial cooling is presented as an example, Cooling water represents a very
significant water use for many industries. For industries such as electric power
generation. oil refining. and many other manufacturing plants. up to 50 per cent of the
total water use may be cooling tower make-up water.

Since a cooling tower normally operates as a closed~loop system, using reclaimed
wastewater for cooling tower make-up water is relatively easy. However, the effluent used
for cooling tower operation has to be specifically and effectively treated. Water quality
problems that are encountered in industrial cooling operations are scaling, biological
growth, metallic corrosion, and fouling in heat exchangers and condensers, Therefore,
effluent intended for cooling tower operations has to pass through advanced treatment
to reduce the above problems.

In general, there is a considerable reuse of water by industry which will increase,
especially where industrial development occurs in areas of water shortages or poor
quality water.



1.8. Support of Water Reclamation alld Reuse, Particularly for Industry

Wat.er reuse must be planned on a broad basis and governments' role in supporting
water reclamation and reuse is essential. As an example, official government support for
water reclamation and reuse exists in the United States. The role of the
U.s. Environmental Protection Agency (US EPA) and its predecessor organizations is
stated in various acts.

Public Law 87-88, amending the Federal Water Pollution Control Act, directed the
Secretary (at that time of Health, Education, and Welfare), "to develop and demonstrate
practicable means of treating municipal sewage and other water~borne wastes to remove
the maximum possible amounts of physical, chemical and biological pollutants in order
to restore and maintain the maximum amount of the Nation's water at a quality suitable
for repeated reuse", The Act gave impetus to a research programme on advanced waste
treatment that develops new, and improves existing, wastewater treatment processes,
thus permitting the maximum removal of contaminants and reuse of water.

Wastewater reuse has been specially recognized by Public Law 92-500 that recognizes
the potentially large benefits if wastewater can be treated for reuse. Sections 20tb, 201d,
and 201g, 2B clearly require that the U,S.EPA:

• Provide for the application of best practicable waste treatment technology, including
reclaiming and recycling water;

• Encourage the construction of revenue producing facilities that provide for
reclaiming and recycling: and

• Allow for water reclamation and recycling technology application, to the extent
practicable, at later date in plants considered for grant assistance.

Section 105a, 2, authorizes the U.S.EPA to make grants for demonstrating advanced
wastewater treatment and water purification methods. Section l05d, 2, requires that the
Administrator conduct, on a priority basis, an accelerated effort to develop, refine, and
achieve practical application of advanced waste treatment methods for reclaiming and
recycling water and removing pollutants.

The Safe Drinking Water Act also contains important provisions regarding treatment and
recycling of wastewater. Section 1444 authorizes a development programme to
demonstrate new or improved technology for providing safe water supply to the public
and also to investigate and demonstrate the health implications involved in the
reclamation, recycling and reuse of wastewater for producing safe and acceptable
drinking water.

Therefore, there is a strong and clear legislative mandate for research development and
demonstration of reliable, cost-effective technology for reclaiming and recycling
wastewater for beneficial uses. In addition, the measures noted above indicate that
wastewater reuse in the United States is being specifically addressed by legislation, and a
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great deal of research is directed toward some facet of reuse. A number of issues must be
solved before planned reuse can be maximized. As a result, many wastewater reuse
programmes have been initiated and carried out in the United States. The U.S. EPA in a
policy statement on water reuse supports and encourages the development and practice
of successive wastewater reuse.

The role of government has been outlined earlier in this paper and the responsibilities of
local agencies and industry to support water reuse are very important. The role of local
agencies in water reuse is as follows:

• Promote to the extent possible, consistent with water quality considerations, the
treatment and reuse of used water;
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• Determine the water reuse potential on area-wide basis.

Targeted work on reuse in specific areas would follow, and examples of such objectives
include the following:

• Demonstrate how water reclamation can supplement available water supply,

• Determine how water reclamation can affect downstream collection and treatment
systems,

• Develop legislative, economic and planning procedures to implement water reuse,

• Examine all available technology for reuse and assess public acceptance, aesthetics
and cost~benefit ratios.

The role of industry in water reuse is as follows:

• Examine all plant practices to obtain optimum water reuse and recycling,

• Consider the use of available water of secondary quality (sewage plant effluents,
brackish water, sea water, etc.) for suitable plant purposes,

• Examine chemical and processes contributions to pollution and determine if
changes in either will help abate pollution,

• Consider product recovery from waste materials,

• Be aware of the new developments in processes to control pollution,

• Make all plant personnel water and pollution conscious.

2. Quality Monitoring Technologies
2.1. Water Quality Monitoring Systems

Increasing environmental concerns and regulations have given water monitoring systems
a new role. Particularly in Europe, the Water Framework Directive (WFD) requires that
Member States should monitor water status within river basin districts. It also states, that



the adoption of technical elements, technical development, and the standardization of
monitoring, sampling and analytical methods will be necessary.

Water quality monitoring systems for river basins should include both groundwater and
surface water as well as the pollution sources impacting them. A monitoring system
should be based on a three-tiered structure, which can be local or regional, and
comprising Levels 0, 1 and 2, as follows.

Level 0: The Monitoring Level. This is the systems link to the actual water being monitored.
The monitoring should be based on both automatic and manual data acquisition, and
the data should be transmitted to Levell

Level 1- The Data Handling Level. This level is for storage, data control, modelling, data
reduction, and other processing and data management. Data could also be transmitted

"from this level back to Level a to allow automatic control or to coordinate manual
sampling and analysis work at different laboratories.

Level 2 - The ""fanagement Level. This is where the long term management of the system's
geographical area takes place. This management should be based on all the available data
and tools provided from LevelL

By its nat.ure the structure of the monitoring system is decentralized, because the
technology now offers network based tools. This means that actual physical storage of
data and the location at different software could be visible to users in different
geographical locations. The result is a high degree of flexibility in the construction and
operation of such a 3~level structure.

There are three different types of stations to be monitored at the monitoring Level 0.
These are: A - meteorology, B - water, and C - sediment. The monitoring at these different
stations should be based on one or more of the following methods:

• Method 1 - physical/chemical parameters (automatic measurements);

• Method 2 - chemical parameters (laboratory analyses on samples);

• Method 3 - biological monitoring (field studies or laboratory work on samples).

These methods are highly dependent on the use of technology and its availability.
Whereas the technology used in the Methods 2 and 3 above is based on well proven
laboratory equipment, the technology used in Method I has been developed over the
past one to two decades and is still'under development.

The selection of methods at various monitoring stations depends on the nature of the
river basin in question. Therefore, different combinations of stations and methods can
be used. As an example. automatic rainfall intensity recorders can be established with
on··line data input to a hydraulic model. Atmospberic deposition of nutrients and acid,
windspeed/ direction and temperature can be measured because they are important
parameters for interpreting data from lakes.

306



Besides the hydrological measurements, chemical parameters such as nutrients, organic
matter, etc. can be measured, in order to calculate a mass balance for primarily nitrogen,
phosphorus and organic matter. This mass balance will give an understanding of the
transport mechanism in the system and make it possible to evaluate eutrophication in
rivers and lakes.

Moreover, it is important to set up a measuring programme for point sources such as
cities and industries (organic matter, nutrients, toxic substances, etc.), non-point sources
(rural areas - fertilizer, manure, pesticides, etc) and water abstraction sites. Furthermore,
investigation of sediment parameters is important because of the accumulation of
sediment. For example, information of the particle size distribution should give an
estimate of the sediment transport in a river system, and the distribution of nutrients in
sediments is used in eutrophication forecasts in lakes.
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Biological monitoring will provide information o,n the actual ecological state of the
system and will be used to evaluate the effect on the ecosystem with changes in water
flow and water quality by correlating the on-line measurements and analyses to the
biological monitoring. Biological monitoring is important in relation to the evaluation of
the potential for algae blooms in lakes, macrophyte distribution and the quality of the
lish population in both rivers and lakes. With a detailed knowledge of the dynamics of
the ecosystem, some restoration may be possible using techniques such as
biomanipulation.

At the data handling Levell, the operation (system administration and maintenance) of
different system software and data storage/data reduction will be carried out together
with the set up, calibration and updating of the different mathematical models.
Furthermore, different data presentation, calculation and statistical software packages
will be employed including updating user interfaces, database links etc. In other words,
this level will provide updated tools for the next level (Level 2) and be in control of day-
today operations,

The monitoring programme at Level 0 will generate data from both automatic
measurements and laboratory analyses. All the data arriving at the data handling level
will have passed a quality check and as such would be ready for storage in databases.
These data form the dynamic part of the information. In addition, the more static
information, such as topographic data, siting of sources, and emission standards, are
stored and ready for use.

The data make it possible to understand the hydrodynamics of a river basin through
setting up a hydrological model. This model can be used to forecast water flows in
different parts of the river basin. and could be run "continuously" using data from
meteorological forecasts (weather radar observation if possible) and automatic recording
of precipitation and water levels, in order to forecast flooding problems,



Furthermore, the data can be used for ecological purposes such as the modelling of
oxygen concentrations in rivers downstream from a point source that introduces
wastewater, Other examples include modelling the transport and/or spreading of toxic
substances in rivers, or modelling eutrophication in lakes and reservoirs.

Ecological models are designed to describe biological processes and may be used to
analyse factors that affect the water quality. The output from these models can be used to
evaluate the effect of wastewater treatment for obtaining acceptable water quality in
accordance with environmental legislation and to set up a river management programme.

Protection and control of drinking water resources are regarded as high priority tasks at
this level, especially the handling of the on-line data from the monitoring stations at the
water abstraction sites or upstream from these.

Data may also be used for mass balances, control of point source compliance with
emission standards, and for use in Geographical Information Systems (GIS) such as
estimating the load from a diffuse source.

The management level is essentially the end-user level, because all work and inputs from
the preceding levels provide the necessary background information and tools for
managing a river basin. The users at this level can carry out their own analyses using the
system or request specific analyses at the data handling level.

The objectives are to prioritize long term environmental action programmes in order to
optimize investments, and also to obtain and supervise the planned water quality criteria
in different regions of a river basin, By using this information and the tools provided, the
identification of "hot spotsll such as the major pollution loads from industries, cities or
agricultural areas will be possible.

Measures including the implementation of cleaner technology in industry, reuse and/or
substitution of materials, upgrading and/or construction of wastewater treatment plants
and changes in agricultural practices can be evaluated in advance. Furthermore, the
effect of any actions taken can be tracked and, as a result, plans can be modified.

Many years of heavy pollution will affect the quality of the sediments in rivers and lakes
and reservoirs. Sediments downstream from point sources may accumulate heavy metals,
toxic substances and nutrients, which may be released a long time after the point source
has been eliminated or reduced. Restoration plans for the removal or stabilization of
heavily polluted sediments can be evaluated in order to select the best remediation
technique,

A typical hardware set up for a river basin with automated monitoring stations and
laboratory PCs at the monitoring level should be able to transmit data to a LAN (Local
Area Network) in a regional database centre at Levell. The number of regional database
centres in a river basin may range from one to several depending on the size of the river
basin.
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A regional centre may be linked to other regional centres within the same river basin (or
to other regional centres in other basins) and to a main data management and
processing centre via a WAN (Wide Area Network) for the exchange of data and tools
between the regions and for reporting to a managing authority. The management Level 2
will be at the regional centre for some tasks, and for others at the main centre, or it can
simply be a PC connected through a dial-up line.

This structure allows for the possibility of having regional computational centres at the
different regional authorities within a river basin, and a main data management and
processing centre at the river board authorities. Another more Simple set up is to have
the regional computational centre at the water board and the main centre at a regulatory
authority.

The technology needed for monitoring. exclusive of laboratory equipment, can be
divided into three groups applicable to the monitoring methods noted above:
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• Sensors/ automatic analysers for Method I;

• Other monitoring station hardware;

• Equipment for reporting manual data for Methods 2 and 3.

In addition, weather radar and satellite measurements may be used in some river basins.

Sensor technology is the limiting factor for extending Method I and at the same time
reducing Methods 2 and 3. However, for some parameters like water level and dissolved
oxygen, well proven technology such as pressure transducers and oxygen-electrodes has
existed for some years. Other, technologies developed mainly for the process industry
(for example wastewater treatment plants) have become more reliable, as well as methods
developed for research purposes which have reached the scale of automatic field
equipment.

Automa~ic monitoring station hardware is commercially available, and experience shows
that rack-based systems with an open structure will, in most cases, be the best choice.
However, they must meet the demanding requirements of field equipment, which are:
absolutely waterproof, heavy duty design (vandalism), module based for easy repair, low
power consumption, local storage capacity, control of water sampling equipment,
memory back up, port for local communication and data transmission.

Logically, these microcomputer systems should comply with all the other "normal"
demands for hardware and software when used in a data acquisition system. They
should be capable of transmitting data to an upper level and receiving commands from
that upper level. Furthermore, a monitoring station will in some cases be equipped with
an automatic water sampler which should be controlled from the microcomputer with the
possibility of using time proportional, flow proportional (if the flow can be estimated
locally), or event controlled sampling. The possibility of controlling other equipment
from the microcomputer should also be considered.



The data from local laboratories will require manual input. As a consequence, the
laboratories will be eqUipped with a PC-based link to Level 1. This PC should also be
equipped with QA-software for the laboratory work. In addition, it will require software
for pre~processing of raw data before transmission. a data~management tool for local
storage of data (e.g,. a database tool) and of course the capability of requesting data from
Level 1 (e.g., for local modelling work). As noted previously, automatic monitoring
stations should be able to transmit data and receive "commandsll, where commands in
this case will be a coordinated sampling and analysis programme for all the laboratories.

Level I consists of one or more regional data management and processing centres, As
such it does not necessarily have to be one physical unit, but a logical unit comprising a
distributed database system. The equipment typically consists of a UNIX-based
computer functioning in a LAN with PC's and other input/output devices. The basic
software tools consist of a standard relational database system combined with a GIS·
(Geograpbical Information System). The user interface for the integrated environment is
based on X-Window and Motif (PCs running as X-terminals). Other software products
are customized hydrological and ecological model systems for simulation of flows,
sediment transport and water quality, models to forecast development in eutrophication,
spreadsheets, and statistical tools.

Depending on the organization of the management level, it can operate entirely from a
regional! central data management and processing centre or use decentralized PCs at
different authorities but connected as X-terminals through dial-up lines to Level L

2.2. Requirements of Water Monitoring and Automatic Water Quality Monitors

The principal requirements for water monitoring are related to: water type (Le., surface
water and ground water), matrix (i:e., water column, sediment and biota), and
determinant type (both quality and quantity parameters). Traditionally, these
requirements can also be divided into sampling, analysis and reporting. Sampling
strategies may vary according to location and frequency. A number of ways exist to
improve the efficiency, and hence cost effectiveness, of water monitoring.

The main features required by an automatic water quality monitor are presented by the
European Environmental Agency as follows:

• Appropriate location of sampling point;

• Purpose-designed robust construction, both in terms of the physical protection
provided by' the instrument housing and the robustness of operational methodology;

• Tolerance of the temperature extremes to be encountered;

• Resistance to the ingress of dust and water;

• Tolerance to electromagnetic fields, electrical transients and power supply
disturbance;
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• Minimum supervision and maintenance requirements;

• Designed for easy access and fault~finding when maintenance is required;

• Purpose-designed sample transport and conditioning system.

The basic measuring techniques, generally for on~line use, are as follows:

• Physical techniques:
Colour. turbidity. suspended solids, conductivity, pressure, depth, level, density,
temperature, flow rate, volumetric flow;

• Electrochemical techniques:
pH, ammonia, nitrate, bromide, calcium, carbon dioxide, chloride, chlorine, metals.
cyanide, fluoride, redox, dissolved oxygen;

• Colorimetric techniques:
Ammonia, nitrate, nitrite, phosphate, chloride, fluoride, sulphate, metals, manganese,
phenols;

• Other techniques:
High and low temperature methods for organic carbon measurement, respiratory for
BOD and toxicity, gas chromatography and HPLC for phenols and organics.

2.3. Sensors

It is evident that an advanced water monitoring system requires sensors for continuous
on-line information. A water sensor is an instrument that is capable of obtaining
information on the quantity or quality of water resources. In general, sensors are the
weakest links in the chain of real time monitoring process: presently sensor technology
lags far behind computer technology.

The selection of sensors depends on several factors, as follows: type of sensor, range,
accuracy, drift lrom calibration, speed of response, and cost. Cost is very often the
deciding factor. since some sensors are still quite expensive. The sensors require
competent installation and regular maintenance, therefore their location is important
from the viewpoint of their maintenance. In theory, the optimal on-line water sensor
should have a continuous output and be operated without continuous human attention,
even if periodic interventions are necessary. Another important factor is that the sensors
must last a long time: if not maintenance costs become very high and real-time
monitoring can not be done,

With technical and technological progress, continuous water monitoring systems will
clearly be needed and used in the future, Today, however. effective water quality
monitoring is still limited, mainly by the lack of suitable, reliable and inexpensive
sensors. An important reason is that they have to be located and operate in difficult



environmental conditions, Furthermore, most sensors can not operate for long periods
without extensive maintenance,

Some sensors are used with great success for measuring such parameters as water
temperature, pH, dissolved oxygen, conductivity and turbidity. These particular probes
are already so highly developed technically that with regular maintenance and
calibration, reliable measurements are possible. Today sensors also exist for ammonia,
nitrite/nitrate, and phosphorus, and it is expected that these will be more commonly
used in the near future.

However, there is a lack of reliable on-line sensors for a large number of very useful
water parameters. It is anticipated that with advances in automatic instrumentation, the
number of continuously measured parameters will increase, together with improvements
in the measuring accuracy and detection limits. Water quality parameters measured by
existing monitoring stations vary with the purpose at the monitoring and are mainly
limited by cost considerations.

2,4, Existing On-Line Water Measurements

Flow rate, level and temperature are of fundamental importance for continuous water
monitoring. The present sensors for the physical properties of water are for turbidity,
conductivity and redox potential (the oxidation-reduction potential). One of the most
frequent measurements in automatic monitoring is for pH.

Dissolved oxygen (DO) determination is a key on-line measurement in water quality
monitoring, Usually membrane electrodes for DO measurement also have a sensor for
measuring temperature, Organic content, based on such parameters as BOD
(biochemical oxygen demand), eOD (chemical oxygen demand) and Toe (total organic
carbon), is still quite difficult to measure automatically. Therefore, a considerable amount
of development work is being conducted using on-line techniques to replace the above
parameters and involves determining particular wavelengths that correlate well with
BOD, eOD and Toe values, however fouling of sensors has been observed.

In order to overcome the above difficulties, there has been a move towards the
development of biosensors. Also, a sample handing system called flow injection analysis
(FIA), which employs photometric, fluorescence and electrochemical detectors, has been
used in water quality monitoring. It should be noted that most of the existing chemical
and biological sensors when used for continuous measurement have automatic sample
conditioning.

There is progress being made in the continuous measurement of nutrients (N and Pl·
The use of on-line nutrient sensors, actually measuring ammonium (NH4), nitrate (N03)
and phosphate (P04) is increasing and a large number of new nutrient sensor
prototypes is appearing. Determination of nitrate is quite difficult, presently electrode
sensors and sensors based on photometry and colorimetry are used. Phosphate sensors
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are normally more complex then nitrate sensors, and more based on photometric
principles.

In addition, a number of specific probes exist. For example, the determination of anionic
surfactants with specific electrodes is a well~known measurement method.

2.5. New Developments in Monitoring Technologies

The capability for on~line water measurements is rapidly cnanging, since new sensors are
being developed. The advent of inexpensive, mass produced, micro-electro-mechanical
systems (MEMS) devices opened-up new possibilities for chemical detection.
Microcantilever chemical sensors are presently being developed at the Oak Ridge
National Laboratory, U.S.A. These microcantilevers respond to chemical stimuli by
undergoing changes in bending and resonance frequency. They can be employed as
chemical sensors based on adsorpti<:)fi~induced stress, photo~induced stress, and
thermally-induced stress. Most recently, research Oak Ridge National Laboratory, U.s.A
has shown that chemical processes can be designed into the microfluidic circuit of a
!flicrochip. Lab-on-a-chip technologies, pioneered at this laboratory, are microdevices
designed to carry out procedures that would normally be conducted in a laboratory to
provide chemical information. These technologies attempt to emulate the laboratory
procedures that would be performed on a sample, but within a microfabricated structure.

The basic microchip operati?n is somewhat analogous to the operation of
microelectronic devices but information is carried in flUids rather than electrons. These
microchips consist of a microfabricated channel network that includes fluidic elements
that allow the execution of basic chemical analysis processes that are included in an
analytical procedure. Electric voltage is applied to the ports, or fluid reservoirs, of the
microchips to manipulate fluidic materials throughout the microchannel network. By
moving sample or reagents to given parts of the network an analytical procedure is
accomplished. The microchips are fabricated using methods similar to those used to
make printed circuit boards. Different chips that are designed to accomplish different
measurement goals will all fit into a common controller device. Currently, as many as
49 chips are being fabricated on a Single wafer of glass at a cost of a few dollars each.
Eventually the microchips will be mass produced and will be inexpensive. Once
commercial applications start, chips will likely be made from plastics and cost pennies
each to fabricate. The retail cost of a ready-to-use commercial microchip will range from
one to tens of dollars.
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This approach allows new and improved analytical procedures on advanced microchip
designs, as well as new microchips designed to detect new targets or suites of targets, to
be deployed on existing hardware. A broad array of materials has been handled on these
structures. Basic operations relating to the identification of materials used in nuclear,
chemical, and biological weapons have been demonstrated. However, microchip
technologies can also be used as a robust approach to chemical detection and



monitoring tor in-situ remote monitoring and field applications. For in-situ
measurements the microchip is placed in contact with the fluid stream. Liquid is drawn
into the analysis chip by electrokinetic forces and analysed according to the fluidic
circuit design included on the chip. In field monitoring a sample is collected and placed
onto a chip for analysis and results are generally available within a minute.

A sensor system based upon polarization ratio analysis (PRA) has been developed in
japan for monitoring oil-on-water. In this method, a laser beam composed of P-polarized
light (longitudinal vibration) and S-polarized light (transverse vibration) obliquely
irradiates the surface of water containing floating slicks. The sensor is based on an
optical system, a signal processing block, a housing and floats. The signal processing
block calculates the polarization ratio showing a difference between water and oil.

A new chemical sensor with an organic film on a quartz crystal microbalance (QCM) has
also been developed in japan for oil contamination. The organic film is a hydrocarbon
polymer with a high affinity for the organic compounds in petroleum products (gasoline,
kerosene, diesel and fuel oils). The chemical sensor is part of a water monitoring system
for oil contamination. The monitoring system consists of the following parts, a sampler,
a purger, a humidity control and a sensor. Oil in contaminated water whose threshold
odour number (TON) is less than three can be detected. The detection time is less than
5 minutes depending on the type of oiL Also, the test results have indicated that one
sensor device could work longer than half a year.

A water monitoring system that uses an electronic nose consisting of quartz crystal
micro balances (QCMs) as a sensor probe to detect odorous materials in water has been
developed in japan. These QCMs operate at 9 MHz, and are 8.5 mm in diameter and
0.1 mm thick. QCM sensors coated with photo-assisted plasma-organic films made of
polyethylene can detect semivolatile petroleum hydrocarbons without water vapour at a
low level. A monitoring system for detecting odorous materials in water uses an
electronic nOSe consisting of quartz crystal microbalances.

A toxicity monitor using nitrifying bacteria biosensors and applied to the toxic
monitoring of purified water and river water was developed in Japan. The biosensor
consists of a dissolved oxygen electrode and an immobilized microbial membrane
containing pure cult.ured nitrifying bacteria (Nitrosomonas europaea). vVhen a chemical
is present that inhibits the oxidation of ammonia, the assimilation is reduced and the
sensor current increases. This toxicity monitor using a nitrifying bacteria biosensor for
cont.inuous monitoring is an example of preliminary development.

A team from Sweden/Norway/Germany has developed an amperometric biosensor and
a chemilumilliscence··based method for rapid detection of fecal contamination in water.
A cellobiose dehydrogenase (CDI-I)-based biosensor was used for Escherichia coli
(E. coli) detection. A second biosensor was based on the immobilization of the enzyme
glucose dehydrogenase (GDH) in a polymetric matrix on the surface of a platinum-
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based, screen-printed electrode. It was considered as an alternative for rapid detection of
E. coli with low bacterial numbers.

Colifast is a biotechnology company based in Oslo, Norway specializing in early
warning solutions for microbial pollution. An automated Colifast At-line Monitor
(CALM) can measure the level of E.coli based on the hydrolysis of 4-methyllumbelliferyl-
-D-glucuronide in the Colifast E coli medium. The monitor collects and analyses a
sample by a five-vial Most Probable Number (MPN) technique, and it can be a tool for
frequent monitoring of E,coli in water, The results are based on the number of positive
vials after 12 hours. A mA Signal correlating to the number of possible vials is then sent
from the monitor to the main computer.

This patented technology is based on the fact that all bacteria posses characteristic and
specific enzymes. Selected flu orogenic substances, along with a variety of compounds,
are added to detect target microorganisms. When the bacterial enzyme hydrolyses the
selective substrate, a flu orogenic compound is released and measured as fluorescence.
Tests for the determination of total and thermo tolerant coliforms, E. coli, and
Pseudomonas aeruginosa are also available. The instrumental platforms consist of a
semi-automated laboratory comprising the Colifast analyser and the Colifast At-line
Monitor.

In Japan, a method of measuring water level by processing the image of a slant plate was
recently applied to the practical water level measurement of a reservoir. The image of the
slant plate that is formed around the water surface boundary is optically analysed. This
equipment consists of a number of sections such as, subject, image input, image
processing, general data processing, data management and display. The measurement
equipment is a vertical staff gauge and slant plate.

3. Conclusions

Water reuse plays an essential role in integrated water management. In particular,
reclaimed water should be used by industry. Many industries treat and recycle their own
wastewater either to conserve water or to meet stringent regulatory standards for effluent
discharges. The important reasons for water reuse are both the alleviation of water
shortages and also the prevention of pollution.

Industrial reuse represents a significant potential market for reclaimed water in many
countries. Reclaimed water for industrial reuse may originate from in-plant recycling of
industrial wastewater and/or municipal water reclamation facilities. Recycling within an
industrial plant is usually an integral part of industrial processes and must be developed
on a case-by-case basis. An economic analysis of water reuse options is a very useful
tool.

315



A cost-benefit analysis of alternative water reuse systems should be performed when
preliminary tests suggest the potential practicality of this reuse. For the analysis of each
solution, cost estimates should be obtainedfof construction, as well as operation and
maintenance costs on an annual basis. The present values of the costs for each solution
should be chosen. The economic analysis will indicate which solution has the lowest
present value for a cost over a 20-year period, and this lowest cost solution should be
chosen. However. it is useful to recalculate the costs for each solution based on different
assumptions and to test the sensitivity of the results to possible changes in important
factors. This analysis is based upon economic considerations only. However, other
factors such as environmental impact, energy consumption, system reliability, and others
can influence decision-makers.

An economic analysis was conducted for the industrial reuse of treated municipal
wastewater at a plant in Tucson, Arizona. It was shown that existing technology could
reuse municipal wastewater at a cost competitive with alternative supplies. The
construction cost of a 10 mgd water reclamation plant, including chemical pretreatment
and filtration, activated carbon adsorption with a carbon reclamation system, cation and
anion exchange, but exclusive of waste disposal facilities, was estimated at US$ 6.2M. A
plant of this size was capable of recovering water suitable for significant industrial use at
a cost of about US 10 cents per 1000 gallons. Given that primary industrial water costs
US 25 cents per 1000 gallons or more, this reused source of water definitely merits
consideration under certain conditions.

Wastewater reclamation provides available water resources, and reuse of water for
industry is technically and economically feasible and justified. In areas of water
shortages there may not be a choice: wastewater will have to be reused particularly for
industry but also other purposes. The potential for water reuse in industry is large and
the role of industry is as follows:

• Examine all plant practices to obtain optimum water use and recycle with a
minimum of wast.e effluents, and try to become a minimum discharge industry;

• Consider the use of available secondary quality water (sewage plant effluents,
brackish water, sea water, etc.) for suitable plant purposes:

• Examine chemicals and processes contributing to pollution and determine if
changes in either will help abate pollution:

• Consider product recovery from waste materials;

• Be aware of new developments in pollution control processes;

• Make all plant personnel water and pollution conscious.

The governments' role in legislation has been outlined earlier in this paper using the
United States as an example. There should be strong governmental support for the reuse
of reclaimed water and water reuse programmes. The objective for such programmes is
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to support development efforts for reuse applications. Topics for these programmes are
as follows:

• Evaluation of national reuse needs and potentials;

• Evaluation of existing and advanced technology and reuse applications;

• Development support of selected reuse applications (for example directed to a
specific industry);

• Treatment processes and systems;

• Planning and management aspects of water reuse;

• Health effects and socio~economics aspects.

Governmental agencies together with industry should also support research towards
problems associated with water reuse,

International organizations, such as the United Nations Industrial Development
Organization (UNIDO) and others. should sponsor international meetings on industrial
reuse dedicated to specific industrial applications. A variety of industrial water reuse
demonstration projects should also be developed and carried out worldwide in areas of
water shortages. Pilot demonstration plants should be developed to study the feaSibility
of treated water. In addition, industrial water reuse programmes should be coordinated
on an international scale. Finally the distribution of information on the possibilities of
industrial reuse is also needed.



Water Technology Fair of the Future
Catalogue of Exhibitors

Intereco s.n.c.

Main field of activity
Water recycling and reuse

Innovative products
Special treatment plants

About
Founded in 1978 in Italy in the first
years of operation INTERECO
concentrated on heating and air
conditioning for civil and industrial
plants and on some very sophisticated
operations for filtering and recovering
air in industrial buildings. As the
company has progressed, the
manufacture of wastewater treatment
plants has become the biggest part of
INTERECO's business. lNTERECO has
become a leader in sludge dewatering
plants and equipments. With its items of
qualified engineers and technicians and
the know-how achieved after long
intensive studies and research,
INTERECO is also manuiacturing
hightech complete UF and RO plants,
using, thanks to the continuous studies
and searches, the most advanced
techniques in the field of the membrane
filtration. In the latest years INTERECO
has improved its added new equipment
to the production program and now is
able to supply almost all equipment ( as
scraping bridges, screens, grit and oil
traps, sand c1assiiier and others).
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Country
Italy

Contact person
Fulvio Boaglio

Position
President

Mailing address
Via Pinerolo 119, 1-10060 Candiolo (To),
Italy

Telephone
+39011 9622 317

Fax
+39011 9622 319

E-mail
intereco@intereco.it

Web page
www-intereco,it



AMG Ltd
Main field of activity
Matching water quality to use
requirements

Innovative products
Brand new mixing and aeration device,
which prevents thermal stratification of
reservoirs called the AQUAERATOR

About
The Invention of the AQUAERATOR
was born from a crescendo of 35 years
of working within the Water Industry,
including aeration using Air Curtains
and Helixors. The AQUAERATOR was
invented by AMG Ltd and received a
substantial EU Grant of nearly 1 Million
Euros. The R&D was spilt between HR
Wallingford (UK) and the University of
Barcelona. The 2 year EU Project (with
full scale field trials) was completed in
2003. Since then AMG has installed 3
complete AQUAERATION Systems in
drinking water reservoirs and 1 in a
recreation lake with a Metropolitan
Borough Council. In addition AMG
have expanded their Environmental
Consultancy Division which enables
them to scientifically evaluate the pre
and post AQUAERATOR Installation.
AMG Ltd are the only Company who
have the sole rights to Supply and
Install the patented AQUAERATOR,
which has proven to be significantly
better than OUf nearest competitor.
During the R&D it was concluded that
the AQUAERATOR would be suitable
for the Fish farming and the Wastewater
Treatment Industries.

Country
United Kingdom

Contact person
Louisa Inch

Position
Marketing manager

Mailingaddress
The Beckery Glastonbury, Somerset,
BA4 5GH, UK

Telephone
+44 1458834734

Fax
+44 1458834734

E-mail
linch@aquariusmg,com

Web page
www.aquariusmg.com
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Korte Zrt.

Main field of activity
Waste water treatment

Innovative products

About
The KORTE Environmental Technology
joint-stock company is a key player in
the Hungarian industrial protection of
the environment. The company's roots
reach back to 1983 when the
CHEMITECH Chemical- Technological
economic association was founded as
one of the first co-partnership private
enterprises. This small venture provided
sludge dewatering services from mud to
industrial companies with rather
undeveloped environmental background
of the time, with equipments deployed
to trucks. Through meeting customer
demands as well as realizing the future
perspective of this activity, the scale of
services rendered had gradually grown:
the appliance manufacture had
expanded to the development of water
and sewage purification technologies
which were subsequently supplemented
by the production and distribution of
chemicals. The mobilized technological
systems provided a sound basis for
entering the environmental damage
prevention market. The 3 Hungarian
owners and 70 employees are proud to
take part in the conservation of our
environment not only as citizens
thinking responsibly but also as people
practicing their profession. Every day
we work on purifying our waters,
reducing the amount of waste material,
and bringing about procedures that
serve for the protection of the state of
our more immediate surroundings.
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Country
Hungary

Contact person
Tamas Fodor

Position
CEO

Mailing address
2330 Dunaharaszti, Jedlik Anyos u. 9-11,
Hungary

Telephone
+ 36 24 490094

Fax
+ 36 24 510290

E-mail
tfodor@korte.hu

Web page
www.korte.hu



DATAQUA Elektronikai Kft
Main field of activity
Water level, temperature
conductivity recording

and

Innovative products
GSM and INTERNET based monitoring
stations with flexible, centralized,
extensive data logging networks

About
One of the most important components
of OUf environmental values and natural
resources is water. All of our activities
have been closely interrelated to the
environment, hydrography, and water
management measurements. As the
founders of the latter DATAQUA
Electronics Ltd., in 1992 we started to
develop a fuHy electronized
microprocessor controlled water level
recorder without any moving parts for
recording variations of the karstic water
level due to bauxite mining. The
recorder coHected data in digital form to
be directly processed by computers. Our
measuring setup and equipment are
protected by our Patent No. 209 850. As
the result of our developments, beside
the field recorders we are also
manufacturing various (pressure,
temperature and level) transmitters.

Country
Hungary

Contact person
Lazar Jozsef

Position
Managing Director

Mailing address
H·8220 Balatonalmadi, Kiilcsey F. u. 1,
Hungary

Telephone
+36 88 430 541

Fax
+3888438993

E·mail
dataqua@dataqua.hu

Web page
www.dataqua.com

32t



TUZAL Ltd.
Main field of activity
Water recycling and reuse

Innovative products
"EcoDrain" TM equipment containing
inputs from"Aikaterisil" TM

About
Our company is active in production of
"ECoDrain" TM equipment containing
inputs from"Aikaterisil" TM, in storm
water direct treatment Consulting and
intermediary in field of environmental
engineering and technologies, especially
water and wastewater cleaning and
preparation, We deal with neutralization
of wastes and solutions containing
heavy metals and oil waste and with
neutralization of used reagents and
chemical wastes, Liquidation of closed,
non-operating industrial plants suffering
from chemical pollution and disposal of
dangerous, toxic and overdue chemical
substances is also part of our business.
Our company has the exclusive right for
FKJA/LAFT system for neutralization of
industrial wastewater, concentrated
solutions and solid waste containing
heavy metals V, Cd, Zn, Hg, Pb, Cu, Ni,
Cr, AI, oils, grease, toxic, hazardous and
other dangerous contaminations,
especially from metal finishing industry
and Exclusive right for ORTWED
Process of sludge contained oil
derivatives treatment with quick lime
(CaO),
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Country
Poland

Contact person
FranCIszek S. Tuztlik

Position
President

Mailing address
Morsztyna 7, 05-075 Warszawa-Wesola,
Poland

Telephone
+48 50220 8653

Fax
+48 22773 4808

E-mail
tuznik@aol.com

Web page
www.greentecheurope.com



Country
United Kingdom

Beijing Hengu UK Ltd
Main field of activity
Water recycling and reuse

Innovative products
Highly effective new cationic floculant
range just launched

About
Beijing Hengju manufactures and
supplies specialty water treatment
chemicals for oilfield, wastewater
treatment, potable water, mineral
processing, sugar and paper industries.
Founded 12 years ago the company has
grown rapidly as a result of its
involvement in the Chinese oilfield
industry where a variety of our products
are currently used to improve the
efficiency of oil production. In addition
to complete range of powder grade
polyacrylamides, marketed under the
HENGFLOC trade name, our company
also supplies polydadmac, polyamine
and dicyandiamide type liquid
coagulants to cater for all requirements
of the industries that we serve. As a
result of the investments in new
technology our products are capable of
competing with other global suppliers
and are now being exported around the
globe. We are continually looking to
further improve and expand our product
range and have established a
partners hi p between our research
department and Huadong Industrial
University to achieve this goal. With this
partnership we are able to quickly
respond to customer requirement and
develop new products and effects to
achieve the desired performance in all
industries we serve.

Contact person
Ian Barker

Position
General manager

Mailing address
14 Mercury Quays, Ashley Lane,
Shipley, West Yorkshire, B017 70B, UK

Telephone
+44 77792 45190

Fax
+44 1274 5 92100

E-mail
ianbarker@hengju.co.uk

Web page
www.hengju.com.cn
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GB Environmental Ltd
Main field of activity
Saving water and increasing industrial
water productivity

Innovative products
UV disinfection of water

About
GB Environmental Ltd is a UK based
design and manufacturing company,
they are specialists in the field of Uv.
Their range of instrumentation includes
many patented technologies employing
second generation UV disinfection. This
maximizes UV dose whilst minimizing
energy consumption. Their high level of
technical competence and commitment
to research ensures it is at the frontier of
UV technology design, providing
advanced non-chemical disinfection of
water, air and surfaces. GB
Environmental provides disinfection
solutions for a cross~section of
companies and organizations. Their
systems are employed protecting against
contagious diseases in public sector
buildings in both air and water supplies,
eliminating microbial contamination in
food, drink and pharmaceutical
products and are extensively used in the
leisure market ensuring that ecological
impact is kept to a minimum by
reducing chemical usage.
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Country
United Kingdom

Contact person
Ralph Coney

Position
Sales and marketing director

Mailing address
37 Hanbury Road, Widford Industrial
Estate, Chelmsford, ESSEX CM 1 3AE,
UK

Telephone
+44 1245 352277

Fax

. E-mail
ralph@gb-environmental.com

Web page
www.gb-environmental.com



HydroVRTX BV
Main field of activity
Water recycling and reuse

Innovative products
VRTX Technology

About
The VRTX system is working in a wide
range of industries. We provide chemical
Free Watertreatment for Cooling Towers
and Condesers utilizing VRTX
Hydrodinamic Cavitation. The system
has been introduced in the European
Market in 2003 but has been around in
the USA for some time. In Europe more
then 40 locations use this system and
reduced their cooling water usage with
40 to 60 per cent without use of
chemicals. We offer excellent treatment
against scaling, corrosion and biological
fouling, including protects against
legionella. Our system is backed by forty
years of research and development;
seventeen inter~related patents and up
to 15 years of service at several
customer sites ~ continuously funning
24/7. Research clearly shows our
method of fluid treatment is extremely
effective!

Country
Netherlands

Contact person
X. Terpstra

Position
Director & CEO

Mailing address
De Binderij 4, 1321EH Almere,
Netherlands

Telephone
+31 365366454

Fax
+31 36 5367971

E-mail
x. terpstra@hydrovrtx.nl

Web page
www.hydrovrtx.nl
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GYULAVARI CONSULTING Co. Ltd.
Main field of activity
Saving water and increasing industrial
water productivity

Innovative products
Sludge reduction, energyfree biological
waste water treatment.

About
The production program of our
company includes L waste~water
treatment plants (small,
prefabricated,l,O m3/d- up to 30 m3/d (
= 200 P.e.) when the recipient is a
stream, or a trench or a local subsurface
irrigation), 2. night-soil (sewage water)
pre~treatment (energy free, sewage water
treatment without energy, pre~treatment
and local subsurface irrigation - energy
woods (poplar)), 3. industrial waste-
water treatment plants: a, in the meat
industry - the waste-water treatment with
FLEXIPAK@ system - for example: Nove-
Zamky in Slovakia, Sopronhorpacs in
Hungary, pre-treatment (energy woods
(poplar), total waste-water treatment
systems (stream, or irrigation),
b. special- industrial waste water
treatment, or pre~treatment in front of
the city canalization ~for example: sweet
corn conserve industry (100.000 P.e)
tndustrial pre~treatment with
FLEXIPAK® System Gyulav<iri- FEVITA
Co. Szekesfehervar- Hungary, 4. pig-
manure treatment system (buffer tanks-
lagoon with the mixing system of the
typ OLOID), 5. special systems, own
license technologies. combinations and
cooperation Systems Gyulavari
(FLEXIPAK® System Gyulavari,
TURBOPAK®, TLS· lamella Systems,
BMKO ® lagoon system, DABS Anaerob
System - Energy free, EPAS Anaerob-
psirophil System).
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Country
Hungary

Contact person
Agnes Gyulavari

Position
Sales director

Mailing address
1051 Budapest, N<idor u.8, Hungary or
2049 Di6sd, Postafi6k 57, Hungary

Telephone
+36 30 210 7662

Fax
+3623370488

E-mail
gyulavari@t-online.hu

Web page



ANTARES - AZV, Ltd.
Main field of activity
Water and wastewater treatment, sludge
treatment

Innovative products

About
ANTARES - AZV, Ltd. was established
in Prerov city, The Czech Republic, in
1991. At the outset of our operation we
focused specifically on the design,
manufacturing and delivery of filter
presses for filtration and sludge
dewatering, With an increasing need for
our services and expertise the scope of
our operation has grown to the present
form the design, development,
manufacturing and delivery of complex
technological lines and individual
equipment especially for the following
operations: Industrial and biological
WWTP, Chemical, food processing and
paper industry, Material surface
adjustment, Porcelain, ceramics and
glass production, Manufacturing of
Machinery, Metallurgy, Power industry,
Deactivation of surface materials.
Reconstruction and intensification of
existing operations with high economic
benefits to our clients is an important
part of our business. OUf strength lies in
our high level of flexibility, and the fact
that only 30 per cent of our parts and
technology are of standard production -
the remaining being manufactured
according to the client's requirements.

Country
Czech Republic

Contact person
Darina Bukvova

Position
Technologist

Mailing address
U Hriste 2, Prerov - Dluhonice, 750 02,
Czech Republic

Telephone
+420775750755

Fax
+420 58121 2505

E-mail
an taresazv@antaresazv.cz

Web page
www.antaresazv.cz
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ProMinent Magyarorszag Kft.

Main field of activity
Water and wastewater treatment

Innovative products
Chemical transfer pumps, metering
pumps, solid metering

About
Process pumps, dosing pumps,
complete measurement and control
stations, wastewater and drinking water
treatment, dosing systems, filters and
softeners. Products for disinfection,
oxidation and membrane technology.
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Country
Hungary

Contact person
Endre Banyai

Position
Marketing manager

Mailing address
9027 Gyr, ives u, 2, Hungary

Telephone
+36 96 511 412

Fax
+3696329981

E-mail
e.banyai@prominent,hu

Web page
www.prominent.hu



Country
Italy

SACCO Engineering
Main field of activity
Water recycling and reuse

Innovative products
Membrana systems for water reuse

About
We have been working for many years in
the sector of water plants, directly
executing the planning, the projects and
the construction of what we realize.
Thanks to our remarkable experience in
the sector, our organization can give a
wide and diversified range of answers to
the market needs: complete plants,
separate machines, restructures,
maintenance management, advising and
planning services, training courses. OUf
designing includes interventions in
other engineering sectors too. Mainly
plants for food processing, chemical,
pharmaceutical and textile industry.

Contact person
Donnino Sacco'

Position
Sales manager

Mailing address
Via Carlo Cassola 5, 43056 San Polo Di
Torille, Parma, Italy

Telephone
+39 0521 310526

Fax
+39 0521 815940

E-mail
nino@saccoengineering.com

Web page
www.saccoengineering.com
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Zenon Systems Kft.

Main field of activity
All of the mentioned

Innovative products
Immersed hollow fibre ultrafiltration
membranes

About
ZENON is dealing with industrial and
municipal water preparation and waste
water treatment based on the advanced
membrane products and technologies.
Our wide range of filtration products
trusted for municipal drinking water and
wastewater treatment, industrial process
water and wastewater treatment,
seawater desalination, wastewater
recycle, commercial property
development, mobile and emergency
response, household water filtration,
shipboard water and wastewater
treatment, military water and wastewater
treatment.
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Country
Hungary

Contact person
Andrea Laszlo

Position
Executive assistant, office manager

Mailing address
2800 Tatabanya, Vigad6 u. hrsz 2011,
Hungary

Telephone
+3634512530

Fax
+3634512525

E-mail
andrea.laszlo@ge.com

Web page
www.gewater.com



ORGANICA Zrt.
Main field of activity
Water and wastewater treatment

Innovative products
ORGANICA@ TECHNOLOGY being
one of the Company's flagship
technologies, is the most cutting-edge
and cost-effective biological wastewater
treatment system currently on the
market.

About
For two decades, ORGANICA has been
one of the largest and most trusted
companies in the Hungarian
environmental services industry, widely
recognized for its innovative
environmental technologies and
professional excellence. The core
activity of ORGANICA is the treatment
of industrial and municipal wastewater.
The company provides efficient and cost
effective technologies, professional
design & build implementation and
rehab Ie operating services for the full
range of industries. Introducing the
technology worldwide, ORGANICA has
already granted exclusive License in 13
countries of Central~ and Eastern
Europe to Veoha, world market leader in
water- and wastewater solutions and
technologies, and is still looking for
further partners of cooperation around
the world.

Country
Hungary

Contact person
Peter Bakonyi

Position
Business process manager

Mailing address
1094 Budapest, Tzolt6 u. 59, Hungary

Telephone
+36306817493

Fax

E-mail
pbakonyi@organica.hu

Web page
www.organica.hu
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Ecotecno sri
Main field of activity
Water recycling and reuse

Innovative products

About
Ecotecno is the oldest manufacturer pi
vacuum evaporation plants exploiting
the principle of the heat pump. Our aim
is resolving customers' environmental
problems, caused by manufacturing
activities, by supplying the higher
technology, the higher quality for pre-
and post-sale service and the experience
of a Company present in the market
with more than two thousands
equipments running for most dissimilar
industrial fields. Our staff is always
ready to supply all necessary
information studying all problems and
cases, obtaining so tailored units totally
fit for the treatment requested.
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Country
Italy

Contact person
Giorgio !-.1inoia

Position
CEO

Mailing address
Via del Lavoro 42, 20140 Busnago
(Milano), Italy .

Telephone
+39 (0)39 6095958

Fax
+39 (0)39 6820584

E-mail
info@ecotecno.i-nfo

Web page
www.ecotecno.net



University of Wales, Aberystwyth

Main field of activity
Research and education

Innovative products
Assessment, monitoring and
remediation of watercourses and
floodplains contaminated by mining
activities.
Assessment and monitoring microbial
water quality for drinking and bathing
quality in urban and rural settings.
Advanced flood risk assessment and
modelling.

About
The University of Wales, Aberystwyth
(UWA) is represented at the Technology
Foresight Summit 2007 by members of
the Centre for Catchment and Coastal
Research (CCCR), which brings together
complementary expertise in terrestrial
and marine research and sustainable
management in partnership with the
University of Wales, Bangor. UWA's
catchment-related component of this
initiative focuses on the 'study of river
systems and environmental change,
including the effects of climate, land-
use, extreme hydrological events and
pollution. The research group has
established itself as one of the leaders
in its field, whilst the consulting off-
shoots of the group, CREH (Centre for
Research into Environment & Health)
and Fluvio (River Basin Environmental
Consultants), actively integrate this
cutting edge research into practical
solutions for an array of international
clients with diverse environmental and
societal management challenges.

Country
United Kingdom

Contact person
Shaun Richardson

Position
Environmental consultancy manager

Mailing address
Institute of Geography and Earth
Sciences, University of Wales,
Aberystwyth
Aberystwyth
Ceredigion
SY2330B
UK

Telephone
+44 (0) 1970 622674

Fax
+44 (0) 1970 622674

E-mail
ssr@aber.ac.uk

Web page
www.aber.ac.uk/iges/research/river/
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Halma Water Management
Mainfield of activity
Saving water and increasing industrial
water productivity

Innovative products
Permalog acoustic leak noise loggers

About
Halma Water Management is dedicated
to providing solutions to the issues
faced by our customers in managing
leakage in their distribution system.
From flow measurement and data
logging to establish areas of potential
leakage, through localization and
pinpointing leaks to sophisticated
pressure control designed to maintain
optimum performance and longevity of
the underground assets. Halma Water
Management is committed to providing
the best technology and support
services in the increasingly challenging
field of managing a scarce and
invaluable resource ~water.
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(ountry
United Kingdom

Contact person
David Field

Position
Marketing manager

Mailingaddress
Ty each House, LLantarnam Park Way,
Cwmbran, Gwent, NP44 3AW UK

Telephone
+44 (0) 121 288 0581

Fax
02079 002925

E-mail
dfield@hwm-water.cam

Web page
www.hwm-water.com



R.E.M. International mechanics
Main field of activity
Water recycling and reuse

Innovative products
High performance DAF, combined units
for wastewater pretreatment

About
R.E.M. is your leading supplier for the
water and wastewater industry
worldwide providing a full range of
equipment for every need. We design
and built wastewater treatment
equipment with high efficiency process.

Country
Italy

Contact person
Matteo Lirici

Position
President

Mailingaddress
Via Nizzola, 4, 42025 Cavriago (RE),
Italy

Telephone
+390522374653

Fax
+390522373037

E-mail
matteo@remintl.com

Web page
www.remintl.com
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Koch Membrane Systems

Main field of activity
Water recycling and reuse

Innovative products
PURON(R) membrane
wastewater treatment in
bioreactors (MBR)

filters for
membrane

About
For nearly 35 years, Koch Membrane
Systems (KMS) has been a world-class
developer and manufacturer of
innovative membrane filtration systems
serving a global marketplace, KMS
involvement in various water treatment
applications includes high purity water,
potable water, wastewater, industrial
process water, and desalination, KMS
covers the complete sub micron
membrane separation spectrum with
microfiltration (MF), ultrafiltration (UF),
nanofiltration (NF), and reverse osmosis
(RO) products, As a result, KMS delivers
an exceptional array of state~of~the~art
membranes that include FEGTM PLUS,
ULTRA-COR", SUPER-COR®, and
SelRO® tubular membranes; TFC®,
ROGA®, SeIRO®, and MegaMagnum®
spiral membranes plus a broad range of
hollow fibre products including
TARGA®, TARGA®-lO, ROMIPURE®,
PMPWTM, PMPWTM-10 cartridges, and
the PURON® submerged hollow fibre
modules for membrane bioreactors.
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Country
Germany

Contact person
Dirk Schlemper

Position
European marketing

Mailing address
Kackertstr, 10, 52072 Aachen, Germany

Telephone
+492414132621

Fax
+49241 4132659

E-mail
schlem perd@kochmembrane,com

Web page
www.kochmembrane.com
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Inwatech

Main field of activity
Industrial and communal wastewater,
designing and main contracting

Innovative products
DryVac technology at WWTT in
England; WWTT for a diary and meat
factory (special separation of treated
wastewater and sludges by flotation
unit)

About
Inwatech Ltd. is a main contracting.
engineering company, supported by a
substantial international technological
background. Representing global,
Leading wastewater technologies, we
offer complex wastewater solutions at
an outstanding professional level for our
partners in the industry and for
municipalities. The increasing
environmental duties and fees force
dischargers to make strenuous efforts to
treat and discharge wastewater. An
economical and sustainable solution
may only be obtained through
optimization of appropriate treatment
level and the right choice of disposal
and reuse. OUf technologies. services,
engineering and main contracting skills
expressly serve this purpose. Our
wastewater treatment plants, meeting
the increasingly special expectations of
industrial clients, do not only treat
wastewater, but also produce bio energy,
facilitate freshwater substitution, or
recover and recycle valuable by-products
and raw materials.

Country
Hungary

Contact person
Eszes 2solt; Kim Thomson

Position
Managing director

Mailingaddress
H-ll13, Budapest, Karolina 34/a,
Hungary

Telephone
+36 30 3500 671

Fax
+36 12 790 550

E-mail
eszes@inwatech.com

Web page
www.inwatech.com
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SebaKMT
Main field of activity
Saving water and increasing industrial
water productivity

Innovative products

About
Worldwide, we are the leading company
for the development and manufacture or
measurement equipment for diagnosis
of the state of a network and for fault
location. OUf sectors of the market
include electricity supply networks as
well as communications and pipe
net.works,
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Country
Germany

Contact person
Andrea Tropper

Position
Marketing department

Mailing address
Dr.-Herbert-Iann-Strasse 6, 96148
Baunach, Germany

Telephone
+49 (0) 9544680

Fax
+49 (0) 9544 2273

E-mail
tropper,a@sehakmt.com

Web page
www.sebakmt.com



Ministerial Round Table

DRAFT JOINT MINISTERIAL STATEMENT ON "ZERO DISCHARGE"

[to be discussed and for possible adoption by the Ministers (heads of delegations)
participating in Ministerial Round Table on the future of sustainable water availability and
quality in the region of Central and Eastern Europe (CEE) and Newly Independent States
(NIS) at the Technology Foresight Summit 2007]

1. We, the Ministers who have issued this statement, recognize the importance of
the issues discussed during the Ministerial Round Table at the Technology Foresight
Summit 2007 in the context of the unique value of water for people liVing in the
Central and Eastern Europe (CEE) and Newly Independent States (NIS) region, as
well as the urgent need to increase water productivity, its optimal use, re-use and
recycling. We note that industry, the largest water consumer, has a primary
responsibility for the rational use of scarce water resources. We urge the industrial
sector to apply adequate technologies to save water in production, reduce water
pollution, adopt adequate waste water treatment technologies and optimize water re-
use and recycling.

Challenges
2. We recognize, in particular, that economic and social development go hand in
hand with responsible industrial growth and competitiveness; that freshwater is a
precious resource which supports all terrestrial life; and that industry is a major water
user and has a key role to play in its stewardship, yet can cause serious damage
through discharging effluents.

3. We further recognize that this stewardship would be best served if all industrial
effluents are reused and recycled, thus avoiding any polluted discharges to water
bodies ("zero discharge"). Water pollution and shortages are a threat to industry,
communities and ecosystems. New industrial technologies for water reuse and
recycling, and new business models such as chemical leasing, offer a ~emarkable
opportunity to eliminate industrial waste generation and effluent discharge
permanently.

4. We are conscious of the need to reduce industrial freshwater intake from rivers,
lakes and aqUifers; of the need to increase industrial water productivity in terms of
the value added by industrial production, relative to the volume of water used; and of
the need to avoid water pollution by industry.

5. We are aware furthermore of the need to encourage the achievement of "zero
discharge" at both enterprise and local district level, and the need to provide effective
mechanisms for such encouragement, such as information exchange, economic
incentives and regulation.
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Call for action

National governments

6. We therefore call upon our national Governments to legislate "zero discharge"
to watercourses from industry, In addition, we call on the Governments to strengthen
the powers of river basin organizations and local authorities to regulate industrial
discharges; and assist industrial sectors in finding cost-effective ways to move
towards "zero discharge".

Local and regional autborities including river basin organizations

7. We further call upon our local and regional authorities to work together with
industrial sectors and individual enterprises to develop and help them meet "zero
discharge" commitments as well as encourage local inlormation exchange on water
and waste recycling and, where necessary, to create local or district-based lacilities
lor industrial ;,lIluent treatment and reuse. We call upon river basin organizations to --
support and track the achievement of "zero discharge" in their catchment areas, and
to record the related benefits of water quality improvement and ecosystem response
wherever possible.

Academia, research institutions and industrial enterprises

8. We appeal to academia and research institutions to contribute to the goals 01
"zero discharge" through capacity-building and development of appropriate
technologies. Furthermore, we call upon industrial enterprises to achieve "zero
discharge" targets individually or jointly, through district-based ellluent recycling
facilities, and request river basin organizations,

United Nations Industrial Development Organization

9. Finally, we call upon the United Nations Industrial Development Organization
to support the "zero discharge" initiatives and inlormation exchange worldwide,_.and
to monitor the progress of its Member States in setting and achieving "zero
discharge" targets.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria
Telephone: (+43-1) 26026-0, Fax: (+43-1) 26926-69
E-mail: unido@unido.org, Internet: http://www.unido.org


