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GENERAL INFORMATION

The Conference Proceedings are provided on the USB stick, sponsored by
BECA included with this Handbook. Printed proceedings are not available.

Keynote speakers presentations and speeches will be available for
downloading from the website post the conference.

Parallel Paper Presentations will be available from the website post the
conference for downloading.

Carbon Market Solutions will be assisting NZSSES offset the conference
carbon emissions.

If you wish to offset your personal travel and accommodation emissions,
Carbon Credits are available for purchase from the Registration Desk.
Verification of the transfer will appear on our website post the conference
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PUBLIC LECTURE - Wednesday 10 December 2008
Dr Jean Venables
The Climate Change Challenge and the Water Cycle
In association with ICE Transtasman
At the Auckland War Memorial Museum

Buses are available to take delegates who wish to attend this lecture from the University of
Auckland to the Auckland War Memorial Museum
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PROGRAMME
Tuesday - 9 December

—

The Sinclair Knight Merz Welcome Reception

5.00pm Registration Desk opens
6.00pm Powhiri ‘ Haka the Legend
Refreshments Served
6.30pm Welcome Professor Michael Davies, Dean of Engineering,
University of Auckland
Guest Speaker | Jeanette Fitzsimons,
Co-Leader of the Green Party
“What if everyone did this?
Thanked by Michael Shirley, Sinclair Knight Merz
7.00pm Music by SCOTT
8.30pm Function ends

Wednesday - 10 December

Wednesday 10 December - Morning Session

KEYNOTE PRESENTATIONS Plenary Room 401:439
8.00am REGISTRATION DESK OPENS
8.45am Welcome Dr Carol Boyle, Chair NZSSES
9.00am Official Opening: Dr Jan Wright
Parliamentary Commissioner for the Environment
Sustainability: Visions, Definitions, Realities
9.30am Keynote Address: Dr Jean Venables
Crane Environmental / President of the Institution of Civil Engineers (ICE)
Sustainable Infrastructure and the Climate Change Challenge
Sponsored by ICE
10.00am | Keynote Address: Professor Peter Guthrie
Centre for Sustainable Development, University of Cambridge, England
Sustainable Development in Urban Environments — Research into Practice
e 10.30 am - 11.00 am Morning Tea Break




-

Wednesday 10 December

KEYNOTE PRESENTATIONS Plenary Room 401:439

11.00 am

Professor Peter Newman
The CUSP Institute in Curtin University, Australiia
Blueprint for Sustainable Transport Infrastructure

11.30 am

Professor Terry Collins
Carnegie Mellon University, USA
Iron-TAML activators: highly successful mimics of peroxidase enzymes for green
chemical applications

12 noon

Professor James Mihelcic
University of South Florida (Tampa)
Water and Sanitation in the World’s Cities: Global Challenges in a Dynamic World

12.30 - 1.30 pm Lunch Break

1.30pm WORKSHOPS

Room Workshop | Sustainable Communities - Design

401.439 Professor Jorge Vanegas

sponsored by Timbertank Enterprises Limited

An Integrated Approach to Sustainable Urbanism, Civil Infrastructure Systems, and
Facilities: A Response to the Needs of Disadvantaged Communities

Room Workshop 2 Managing Your Footprint (Carbon Trading)

401401 Chair: Nick Main, Deloitte
with Jo Silver, TZ| and Wayne King Carbon Market Solutions Ltd.

ime— 3.00 - 3.30 pm Afternoon Tea Break

3.30pm | PARALLEL PAPER SESSION |

Room Designing Sustainable Communities Chair Professor Paul Anastas

403401

lan Boothroyd, Golder Associates
Mind the Gap! Frameworks for urban sustainability

Mik Dale, University of Canterbury
An Ecological Planning Approach To Community Based Sustainable Development

Jane Puddephatt / Viv Heslop, MWH NZ /Vivacity Consulting Ltd
Shifting with the times: The emergence of low impact approaches in building
sustainable communities

Hanna Taylor presented by Nathanial Miller, Synergine Group Limited
At the Coal Face of Sustainability Implementation: Balancing the Environmental, Social
and Economic Bottom Line in Urban Developments




- Wednesday 10 December

Room Designing Global Solutions: Climate Change Chair: Professor lan Lowe
403.402

Mohammed Hassan presented by Zhian Qian, Manukau City Council.
Review Of Rainfall Intensity Curves And Sea Levels In Manukau City Making Provisions
For Climate Change

Dr Lionel Lyles, Southern University ,m Baton Rouge, LA

Human Carbon Life Footprint And Co, Emissions Placed In The Earth Atmosphere
Dr lan Mason, University of Canterbury

An analysis of the role of the carbon neutral public sector in reducing greenhouse gas
emissions in New Zealand

Michael Nolan, Maunsell AECOM
Adapting Infrastructure for Climate Change Impacts

Room Designing Global Solutions: Resource Depletion

403.403 Chair: Professor Peter Guthrie

Anthony Jessup presented by Dr Gavin Mudd Monash University
Environmental Sustainability Metrics for Nickel Sulphide Versus Nickel Laterite
Andrew Hope / Jade Gibson, The University of Auckland

CO; Offsetting for Conferences

Dr John Peet, University of Canterbury
Resource Scarcity - a Physical, not an Economic Issue

John Stanger, University of Canterbury
Green Industrialization for Developing Nations

Room Delivering Sustainable Infrastructure:Waste Water Chair:Yasenko Krpo
403.404

Valerie Fuchs. Michigan Technological University
Delivering sustainable wastewater infrastructure in an urbanizing world

Richard Taylor, Waitakere City Council,
What is the Infrastructure Leakage Index (ILI) and how did Waitakere City Council
manage to achieve an ILI of 1.0.

Thomas Haarhoff, Harrison Grierson Consultants
Sustainability Assessment for First Time Wastewater Scheme

5.00pm Final Session - wrap up: questions and answers Plenary Room 401.439

e 5.30pm - 6.30pm Morphum Environmental Cocktail Function

7.00pm Dr Jean Venables: Public lecture - Auckland War Memorial Museum
The Climate Change Challenge and the Water Cycle

In association with ICE Transtasman

_




Thursday - | | December

-

Thursday | | December

8.45am KEYNOTE PRESENTATIONS Plenary Room 401:439
MC Day 2 Professor Peter Guthrie
9.00 am | Dr Carol Boyle, International Centre for Sustainability Engineering Research, The
University of Auckland.
Elements of Sustainable Infrastructure
9.30 am | Professor Paul Anastas, Yale University, USA
Green Chemistry:The Molecular Basis of Sustainable Infrastructure
10.00 am | Professor Roger Venables, CEEQUAL Limited

Teaching Engineering Design for sustainable Development

10.30 - 11.00 am Morning tea Break

11.00am

PARALLEL PAPER SESSION 2

Room
403401

Developing Sustainable Communities: Measurement, Metrics & Modelling
Chair: Dr Jean Venables
Kerry Griffiths, URS New Zealand
Getting down and dirty
Ellen Greenberg presented by Dr Susan Handy, University of California Davis,
Sustainable Street Design
Dr Mitra Emami, Maunsell NZ
Turning a Red Building into a Green Building

Dr Annie Pearce ,Virginia Tech, USA
Measuring the Sustainability of Infrastructure Systems: Information Requirements and
Desiderata

Room
403.402

Designing Global Solutions - Climate Change (b) Chair: Dr Gavin Mudd

Scott Losee, Maunsell AECOM
Accounting for Climate Change and Peak Oil in Planning and Infrastructure
Development in South-east Queensland

John Russell , La Trobe University, Australia
Engineering the Global Thermostat Part A - Humanity's Dilemma

Gabriel Weber presented by Martin Nowack, Technische Universitdt Dresden
Application of real options thinking for the management of climate change risks

Sarah Sinclair and Ana Krpo, Sinclair Knight Merz

Developing a Climate Change Toolkit — Lessons Learned, and the Importance of a
Spatial Approach




-

Thursday | | December

Room
403403

Developing Sustainable Communities: Government, Policy and planning
Chair: Dr Susan Krumdieck

Abdul Samad Hadi presented by Shaharudin Idrus, Universiti Kebangsaan Malaysia
Health and Green Infrastructures for the Livable City

Dr Anna Johnson, Opus International Consultants,
New Zealand Approaches to Growth Management

Tze-Chin Pan, Institute of Environmental Engineering, National Chiao Tung
University, Taiwan
Environmental Sustainability based Budget Allocation System

Dr Michelle Ziebots, Institute for Sustainable Futures, University of Technology,
Sydney

Sustainability and Alliancing: a case study of new governance practices that emerged
from the Roe 7 Highway in Perth

Room
403.404

Delivering Sustainable Infrastructure: Water (1)

Chair: Professor Roger Venables
Dr Maggie Lawton, Braidwood Research and Consulting and Beacon Pathway,
Developing the blueprint for urban water use efficiency
Jan Heijs, North Shore City Council, Auckland,
Implementing Sustainable Water Management In North Shore City
Caroline Nyugen presented by Dr Marc Edwards, Virginia Tech, USA
Resolving conflicts between water conservation and high quality water in premise
plumbing
Christine McCormack presented by Emily Botje, MWH NZ

From Zero to Hero — Queenstown Lakes District Council Faces up to the Challenge of
Water Demand Management

12.30 - 1.30 pm Lunch Break

.30 pm | WORKSHOPS

Room Workshop 3 - Future Thinking Scenarios

401.439 Visioning and Backcasting future cities without pipes.
Dr Ir Ron McDowall, University of Auckland
A. Idil Gaziulusoy, ICSER, University of Auckland

Room Workshop 4 - MWH Infrastructure Management

401.401 How Sustainable Is Your Network —Tools and Techniques for Asset Managers
Neil Cook (Wairoa District Council)
Scott Losee (Australian Green Infrastructure Council )
Charles Ainger (Director of Sustainability, MWH, UK)

[ 3.00 - 3.30 pm Afternoon Tea Break
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3.30pm

Thursday | | December

PARALLEL PAPER SESSION 3

Room
403401

Developing Sustainable Communities: Other
Chair: Mark Smith, NZSSES

Business

Ron Shaw Sempre Avanti Consulting

Delivering sustainability through the SME business sector

Education

Dr Patricia Kelly, University of Tasmania

Wise global citizens or McGraduates? Engineering as a civilising influence
Aid

Hanna Taylor presented by Rebecca Sanders, Synergine Group
Acknowledging the White Elephant in the Room, and Making Aid Work

Room
403.402

Designing Global Solutions: Mixed Chair: Dr John Peet, NZSSES

Dr Gavin Mudd. Monash University, Australia
Will Sustainability Constraints Cause ‘Peak Minerals’?

Dr Osamu Saito Waseda University, Tokyo

Restructuring existing rural resorts as a sustainable infrastructure for basin socio-
ecological systems in Japan:A case of redundant golf courses in the Tokyo Metropolitan
Area

Dr John Russell, La Trobe University, Australia
Engineering the Global Thermostat Part B- Creating the Permaclimate

Dr Maya Trotz, University of South Florida, USA
Diaspora Communities and Sustainable Urban Development: Lessons from floods in
Guyana

Room
403403

Developing Sustainable Communities: Government, Policy and planning
Chair: Professor Jim Mihelcic

Shaharudin Idrus Universiti Kebangsaan Malaysia
Spatial Urban Metabolism for Livable City

Paul McGimpsey, Beca Carter Hollings & Ferner Ltd
Strategic Environmental Assessment and Regional Transport Planning: Opportunities in
New Zealand

Peter Ollivier, Duffil Watts Group
Nelson Regional Sewerage Scheme — A Sustainable Solution?

Dr Kayoko Yamamoto, National University of Electro-Communications, Tokyo
Japan
City Planning based on Green Space Development in Major Asian Cities




Thursday | | December

Room
403.404

Delivering Sustainable Infrastructure:Water (2)
Chair: Professor Terry Collins

Paula Hunter, MWH NZ,
A New Policy Framework for the Allocation of Water — Implications for Municipal
Suppliers

Dr Anna Robak Opus International Consultants
Charting relationships between water supply and community livelihood and national
economic welfare

Damian Young. Morphum Environmental Ltd.
Stormwater Ponds more than meets the Eye

Dr Kevin Winter, University of Cape Town, South Africa
Let’s fix it Managing greywater in shanty settlements, South Africa

S5pm

Final Session - wrap up: questions and answers Plenary Room 401.439

Conference Dinner Maritime Room, The Viaduct
7.pm Pre-dinner drinks Music by: Scott

7.30pm  Seated for dinner

9.00pm  Special Guest Tama Waipara on guitar

Friday - 12 December

Friday 12 December

8.45am MC Day 3 Professor Jim Mihelcic Plenary Room 401:439
9.00am
Room Global Responses to Climate Change
401439 | Em Prof. lan Lowe (Chair) Griffiths University, Brisbane
Dr Gerda Kuschel Emission Impossible Ltd.
Dr David Wratt NIWA
Room Case Studies
401.401 Alec Couchman, Warren & Mahoney, NZ
Stuart Chapman & Simon Wilkinson, Fletcher Construction, NZ
Mark Reardon, Connell Wagner, Australia

10.30 am - | 1.00 am Morning Tea Break
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- Friday 12 December

I1.00am | PARALLEL PAPER SESSION 4

Room Delivering Sustainable Infrastructure: Buildings (1)

403.401 Chair: Zoe Burkitt, NZSSES

Jeremy Gabe, Landcare Research,

Design versus Performance: Lessons from Monitoring an Energy-Efficient Commercial
Building in Operation

Dr Kenfield Griffith presented by Ayodh Kamath Massachusetts Institute of
Technology

Digital fabrication technologies: An endogenous approach to global production within
developing countries

Dr Annie Pearce, Virginia Tech, USA,
Sustainability at the Installation Scale:A Comparison of LEED-ND and Systems-Based
Sustainability Assessment

Room Delivering Sustainable Infrastructure: Energy

403.402 Chair: Professor Terry Collins

Timothy Anderson, University of Waikato
Development of a Building Integrated Photovoltaic/Thermal Solar Energy Cogeneration
System

Tim Armitage Windflow Technology Ltd
Sustainable Wind Energy Projects for New Zealand

Samuel Gyamfi presented by Dr Susan Krumdieck, University of Canterbury
Demand Response in the Residential Sector:A Critical Feature of Sustainable Electricity
Supply in New Zealand(Demand)

Dr Shannon Page, University of Canterbury
Carbon Capture and Storage: An applicable technology for New Zealand

Room Delivering Sustainable Infrastructure: Other

403.403 Chair: Professor Jim Mihelcic

Justin Jordan, Timbertank Enterprises Ltd.

Designing Infrastructure to be reused

Brian Kouvelis, MWH

Engineering Best Practice - Where are we at? “Climate Change in Context”
Dr Gabrielle Torkington presented by Veronica Ulfves, MWH

Using greenhouse gas inventories and life cycle analysis to deliver meaningful
environmental profiling for infrastructure: Case studies for learning.

Andrew Camenzuli, presented by Dr Gavin Mudd Monash University, Australia
Towards Comparative Sustainability Metrics for Geothermal Energy
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Friday 12 December

Room
403.404

Developing Sustainable Communities: Innovative Design
Chair: Professor Peter Guthrie
Caleb Clarke, Morphum Environmental Ltd

Roy Clements Treeway Boardwalk — Urban stream management and community
involvement

A Idil Gaziulusoy, ICSER, University of Auckland

Planning for System Innovation in Product Development Teams of Manufacturing
Companies: Criteria Development for a Scenario Methodology

Ella Lawton, Blekinge Institute of Technology, Karlskrona

A Needs Based Approach to Urban Design and Planning

JeffVickers, ICSER, University of Auckland

A New Approach for Sustainable Product Development Using Scenario Network
Mapping and Eco-design

12.30 - 1.30pm Lunch Break

1.30pm PARALLEL PAPER SESSION 5

Room Delivering Sustainable Infrastructure: Buildings (2)

403401 Chair: Mark Smith, NZSSES
Aniruddha Nene presented by Dr Doug Matson. Tufts University, USA
Use of an insulation-dispersion adobe composite in green building construction
Dr Chris Riedy, University of Technology, Sydney
Urban infrastructure for long-term climate change response
Greg Slaughter, Holcim (NZ),
Sustainable Concrete: Fact or Fiction?
Zeb Worth, Opus International Consultants
Combined life cycle cost assessment of roof construction

Room Delivering Sustainable Infrastructure: Mixed

403.402

Chair: Professor lan Lowe

Dr Heather Cruickshank, Cambridge University

Application of Sustainable Development Concepts in Backbone Infrastructure Provision
Neil Harrison, Living Energy Ltd

The Contribution of Woodfuel to Delivering the Sustainable Society of the Future

Ben Kneppers, Braidwood Research and Consulting and Beacon Pathway

A principle-based decision making framework for sustainable electricity infrastructure
Dr Kerry Mulligan presented by Dr Shannon Page, University of Canterbury
Reforesting the Built Environment - a Practical Feasibility Case Study in Christchurch

|7




Friday 12 December

Room Delivering Sustainable Infrastructure: Transport
403403 Chair: Dr Gavin Mudd
Stephen Eagle, Fraser Thomas Limited,
The Use of Lime Stabilization for Rural Road Rehabilitation in Cambodia
Dr Peerapong Jitsangiam presented by Komsun Siripun
Sustainable Use of a Bauxite Residue (red sand) as Highway Embankment Materials
Professor Jay Yang presented by Soon Kam Lim
Reality Check — the Identification of Sustainability Perception and Deliverables for
Australian Road Infrastructure Projects
Catherine Yung and Sachi Koddipily University of Auckland
The Sustainability of Permeable Road Pavements — The North Shore Experience
Room Delivering Sustainable Infrastructure: Mixed
403.404

Chair: John Peet

Dr Susan Krumdieck, University of Canterbury
The Visioning Project: Part of the Transition Engineering Process

Ahmad Fariz Mohamed, Institute for Environment and Development (LESTARI),
Universiti Kebangsaan

Infrastructure for Sustainable Industrial Wastes Recovery in Malaysia

Julie Anne Genter, McCormick Rankin Cagney

How minimum parking standards underpin car dependence: the new parking
management paradigm

Roger Loveless, Odyssey Energy Limited
Street Lighting: A Visible Sign of Commitment to Sustainable Electricity Use

3.00 - 3.30 pm Afternoon Tea Break

3.30pm PANEL DISCUSSIONS
Room Visions of the Future
401.439 | Delivering Longer Term Visions For Sustainable Infrastructure
Chair: Dr Susan Krumdieck
Members: lan Lowe, Jean Venables, Terry Collins. Paul Anastas
Room Business Reality of Today -
401401 Transitions From Current Methods Of Infrastructure Development And Management

Chair: Yasenko Krpo
Members: Kerry Griffiths, Peter Guthrie, Roger Venables, Jim Mihelcic

4.30pm

Closing Session Plenary Room 401.439
Presentation on next conference and wrap up




Planning for System Innovation in Product Developmet Teams of Manufacturing
Companies: Criteria Development for a Scenario Methd

A. Idil Gaziulusoy

University of Auckland

Department of Civil and Environmental Engineering
Sustainability Engineering Programme
agaz002@ec.auckland.ac.nz

Carol Boyle

University of Auckland

Department of Civil and Environmental Engineering
Sustainability Engineering Programme
c.boyle@auckland.ac.nz

Ron McDowall

University of Auckland

Department of Management and International Business
Sustainability, Complexity and Decision
r.mcdowall@auckland.ac.nz

Abstract

Due to the complexity embedded in the socio-tedirsgstem and associated long planning
periods, system innovation has become a reseapdh tto remain mainly in the science and
technology policies area and not much effort haanbgut into investigating the means of
involving companies and product development teanmanning for system innovation. This
paper presents results of ongoing research whigpoges to develop a scenario method to
help companies and product development teams imijpig for system innovation. This paper
presents the criteria which need to be met by ¢eeaio method. Firstly, a brief overview of
the theory around system innovation is given. Tikidollowed by a critical analysis of
dynamics and levels of innovation to set a backggotor criteria development. Then, a
discussion clarifying the relevance of companied product development teams to system
innovation is provided prior to criteria developrhelRollowing this discussion, five criteria
which must be met by the scenario method beingldped are identified.

Keywords
socio-technical system, system innovation, sushdénadesign, business sustainability,
sustainable technology development

1. Introduction

Sustainability is increasingly becoming the new ibess paradigm, especially in
manufacturing companies, due to increasing legiglatequirements, societal demand and
changing organisational ethics and culture. Inlé#s¢ twenty years, a substantial amount of
research effort has been directed towards improbmgjness sustainability. The developed
theories and related methods/metrics/tools coverédth organisational and
technical/technological areas such as managemegmiaghes, voluntary uptakes, clean
production, industrial ecology, life-cycle assesstneco-design and sustainable design.

The theories developed and practices undertaketl of these areas are valuable and have

aided the industry and companies to take initiapsttowards sustainability. Nevertheless,
within the sustainability context, the requiremdat dematerialization of production and
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consumption (Schmidt-Bleek, 1994) and the needededses in greenhouse gas emissions
(Rennings, 2000) are not likely to happen throdgh durrent technological path. Therefore,
“Solutions are needed that break existing trendsuiment development processes.” (Weaver
et al., 2000, p.44). In summary, what we should d&m is path-breaking in current
technologies, that is, as defined by Dosi (1982)reakthrough shift from the current
‘technological paradigm’ towards a new one. Assulte companies and product development
teams face a challenge which is not comparablec#lesto any previous challenges the
manufacturing industry has faced. On the one haddrathe short-term, the companies have
to design/redesign products to meet immediate basipriorities like decreasing the cost and
time-to-market while assuring quality, market appeampetitiveness, and compliance to
ever-toughening legislation and standards. On therdiand, in addition to these generic and
short-term business goals, they should develop teeWwnologies in the medium and long-
term which will overcome the burden put by the jilwg production-consumption patterns
on the environment and society.

This paper presents results of ongoing researcbhagrioposes to develop a scenario method
for the use of companies and product developmamhgean planning for system innovation.
These results focus on the criteria heed to belypahe scenario method. The next section
provides a brief overview of the theory around sgsinnovation followed by an analysis of
the levels and dynamics of innovation. The thirctisa starts with a discussion regarding the
relevance of companies to system innovation and the developed criteria are presented
prior to the conclusions.

2. System Innovation for Sustainability
2.1.A Brief Overview of Theory

The type of radicalism which requires a shift ire ttechnological paradigm is far more
challenging than radical innovation at company/patdevel, since radicalism at the product
level can be achieved in the existing technologieahdigm without major change at market
and/or user level. A shift in the technologicalgaigm requires changes at system level as a
prerequisite. Innovation at system level coversardy product and process innovations but
also changes in user practices, markets, poliguylations, culture, infrastructure, lifestyle,
and management of firms (see, for example, Berkh2002; Kemp & Rotmans, 2005;
Sartorius, 2006; Geels, 2006) to give way to ampstt diffusion of those new technologies.
Similarly, Freeman (1992) states:
Successful action depends on a combination of ambgrin scientific understanding,
appropriate political programmes, social reformg ather institutional changes, as well as on
the scale and direction of new investment. Orgdioisal and social innovations would
always have to accompany any technical innovatas some would have to come first (p.
124).
Therefore, the co-evolutionary nature of innovationd the need for a systemic perspective,
which covers not only the industrial system (maikstr-company) but also the social and
technological systems, is even more significantthe case of developing sustainable
technologies.

In order to emphasise the complex nature of systemvation, which covers not only
technological but also institutional, social/cutuand organisational changes associated with
it, Geels (2004) uses the term socio-technicalesystMulti-level model of socio-technical
change (Geels, 2005a, 2005b; Geels & Schot, 20@hjich is based on transition
management theory (e.g. Kemp, 1994; van den Endieip, 1999; Kemp, Rip & Schot,
2001) and several theories of co-evolutionary iration, helps us to understand the dynamic
relationships behind system innovation which takee at three different levels being macro
(socio-technical landscape), meso (socio-techmégiime) and micro (niche innovations).



According to the multi-level system innovation mhdine stability increases and rate of
change decreases towards the upper levels (mactbg socio-technical system, while the
depth and influence of change increases towardsother levels. Nevertheless the change
does not happen in a linear fashion and, as Gee@54) states, the relationship between the
three levels is similar to a nested hierarchy. Thyers have internal dynamics as well as
influencing changes at other levels and the cemb@ls is at the middle where the socio-
technical regime resides.

The theory around system innovation is now verpa@iate; however not much effort has
been put into how companies in practice can and fiwiinto the picture. Companies are
essentially the most important actors within thetey innovation since they are indeed going
to develop the new technologies. In addition, tedtmy is not an abstract concept. It
manifests itself through artefacts; i.e. infrastowe, products, and services, which are usually
closely linked in a systemic structure. Products dfifferent technological paradigm will be
essentially different from the products of currémthnological paradigm in terms of both
technical characteristics and social meaning. Ohe¢he untouched areas is, thus, how
manufacturing companies and product developmemhdegan develop strategies towards
system innovation. Consequently, there is an emgngeed for tools and methods that would
enable companies to include system innovation ein #genda and start planning for it.

2.2.Levels and Dynamics of Innovation within the Socidechnical System

Figure 1 is based on eco-design and eco-innovayioologies of Brezet (1997) and Halila

and Horte (2006). Brezet (1997) defines four lewdlénnovation. The first level is product

improvement. Product improvements are focused aluciag environmental impacts for

existing products. The second level is product sggte In product redesign, product concept
remains almost intact but either the product orcisnponents are further developed or
replaced. The third level is function innovatiort. tAis level, the innovation is not limited to

existing product concepts but related to how thection is achieved. The fourth and final

level of innovation defined by Brezet (1997) istsys innovation. At this level the whole

technology system is replaced by a new system.

System Innovation
(System Innovation)

Function
Innovation

(Functional Innovation)

Product Redesign

(Major product

i improvement)
(Minor product

improvement)

Product Improvement
(Product Care)

Sustainability

Time

Figure 1. Levels of innovation (based on Brezet (199 and Halila and Horte (2006))



Halila and Horte (2006) criticised the four-levgpology of Brezet (1997) and defined a six
level typology to improve the understanding of @wwevations. They based their new
classification on three criteria; a) the degreerehtivity and the kind of knowledge on which
the innovation was based; b) the extent of thevation (product component, product itself,
function within a system or the complete systeng enthe expected environmental effect.
The six classes they proposed were product cargrrproduct improvement, major product
improvement, functional innovation, system innowatand scientific breakthrough. This new
classification brings clarity to the levels propdsky Brezet by enabling differentiation
between minor and major innovations at productsigghelevel and articulating the difference
between function innovation and system innovatidavertheless, even though useful for
analysis purposes, this new classification doespnmpose anything novel in explaining the
conditions of system innovation. The sixth levehieh is scientific breakthrough, is, in our
understanding, not an appropriate category forsiflaation of technological innovations.
Scientific breakthroughs are very important in dimgb system innovation through
broadening the knowledge base of basic scienceev@wthey are neither a level nor a class
of technological innovation. Therefore, we useftha-level typology of Brezet (1997) while
acknowledging Halila and Hoérte’s (2006) clarificatiwith the exception of the sixth class
they proposed.

The first and second levels are where most of ffugte are focused at the moment, driven
mainly by the regulatory push/push mechanisms. gliiest two levels have product focus
and are performed within the realm of establishedhriologies and social uptake of
established technologies. The third level, functimmovation, generally constitutes a
transition between product focus and system fdeoufinction innovation, the social function
of products or technologies is of concern and dgoiest. What is meant by social function is
what exactly we aim to meet by a specific technglogproduct and whether there is another
way of fulfilling that function. Currently, certaiproduct-service-system (PSS) applications
fall into this category. Some PSSs are developédiaplemented by a single company such
as Interface Ltd. leasing carpets instead of gellirem and replacing and recycling the old
carpet into new carpets (e.g. Anderson, 1997). Suther PSS solutions require collaboration
of several stakeholders, such as councils, NGQkjrasome cases, private companies. Some
examples of multi-stakeholder PSSs related to unipability solutions can be found in
Keskin, Brezet, Borekci and Diehl. (2008). Somedrisal examples of system innovation
are the transition from sailing ships to steam shipe transition from horse-and-carriage to
automobiles, and the transition from piston engiimerafts to jetliners in American aviation
(Geels, 2002a, 2002b, 2005b).

As discussed in Section 2.1 above, system innavateguires not only technological

innovation but also substantial changes are negeasdhe institutional, social/cultural and

organisational levels. As we move towards highegelke of innovation, the socio-technical

context influencing technological change on a cokaionary basis broadens. Therefore, for
a better understanding of system innovation, therimdeed a need for analysing the co-
evolutionary influence patterns within the sociokeical system.
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Figure 2. Co-evolutionary influences within the sdo-technical system

Figure 2 shows some of the different elements dfiostechnical system influencing
technological change on a co-evolutionary basig ditcular arrows indicate that the change
is indeed continuous and dynamic, and, every elerimdluences each other. In general,
society and technology shape each other on an mggmd bilateral basis (Geels, 2005a,
2005b). Nevertheless, there is a semi-hierarchinfidence patterns from a chronological
perspective. Institutional and social/cultural agesigenerally take place before and influence
organisational and technological changes (GaziyldsBoyle, 2007). We use the term semi-
hierarchy since there is no strict rule about whiobmes first in the institutional-
social/cultural and organisational-technologicaupes. But in general, institutional and
social/cultural changes are more fundamental andegal than organisational and
technological changes. For example, science arghres policy determines the direction of
investment and thus influences technological chaatmng that direction. Similarly,
international laws and agreements determine theactaistics of international trade unions.
Societal norms and values determine, to a largengxthow social organisation is structured.
But, even though it is correct to state that infthal arrangements and social/cultural
structures determine the direction of change in dtfeer two socio-technical contexts in
general, there are many exceptions to this asesgkcially in the large scale. For example,
infrastructure lasts for a long time and many chtelogical and social activities, as well as
development of policies particularly those relatedbublic health or transport, need to be
referenced to the characteristics and capacitiefrifrastructure.

Despite the hardship associated with analysing dixeamics between different socio-

technical contexts, there are easily observablemest between different scales of the socio-
technical system. Complexity increases as the doad@mes larger. Consequently, as the
scale gets larger, managing change becomes hardehe pace of change gets slower. Also,
smaller scales in one socio-technical context aeaftchically dependent on larger scales in
the same context. For example, products are detethily the relevant technological regimes



and the technological regimes are determined byeitienology system. Similarly, change in
the large scale of a particular socio-technicaltexnis likely to require change in smaller
scales of the same context. Nevertheless, smalsde socio-technical system components
may or may not induce/influence change in the laggmles of the same socio-technical
context. Another aspect which is very relevantetthhological change is agency. Agency, as
described by Giddens (1984) is the ability to audl anfluence change over the course of
events. In the context of transforming socio-techhisystems, agency ‘“is the ability to
intervene and alter the balance of selection pressar adaptive capacity” (Smith, Stirling &
Berkhout, 2005, p. 1503). Agency applies to orgatiosal and social/cultural contexts. As
the scale gets larger, agency of the socio-techrégatem component increases, but,
organisation and management becomes harder. A coitynfiias more agency in influencing
change than an individual. However, the organisatiod decision/action process undertaken
by a community take longer than that of an indieidu

The analysis given above with reference to Figurerzlers the underlying co-evolutionary
mechanisms transparent without any point of refe¥eior planning. Therefore, it can aid in
planning for system innovation at any level of abarganisation. For example, this generic
analysis is equally valid for a policy maker andampany manager. Nevertheless, due to
different hierarchies and levels of agency, diffiéreocio-technical system components in
organisational and social/cultural contexts canuerice different contexts and scales.
Inevitably, the purpose of different entities wHarpfor system innovation will differ as will
the specific planning and implementation tools. efEfiore, the specific socio-technical
system component which will carry out this analyisuld clearly define the purpose of such
undertaking (e.g., policy development, curriculuevelopment, product/service development
etc.) and understand their agency and the tempoiglspatial scale that they can influence
and be influenced by.

Since we talk about system innovation within thentest of sustainability, sustainability
becomes the goal of any planning/implementatiororeffor system innovation. This
underlines the importance of future visions devetbpn a participatory basis. Visions about
system innovations play a number of important fiomst, such as mapping a possibility
space, establishing a heuristic and a stable ffamgetting targets and monitoring progress,
specifying relevant actors and network(s) of acemd directing investment (Smith et al.,
2005).

3. Manufacturing Companies and Product Development Teas in System Innovation
3.1.Relevance of Manufacturing Companies and Product Delopment Teams

The manufacturing industry is the major cause @irenmental deterioration, as well as the
main agent for economic and social developmentdS®&rand & Fischer, 1997). Industry is
a subset and an integral part of the society.citifates economic and social development as
well as cultural exchange. Industry provides prasiind services for need fulfilment and
well-being. It facilitates human development throkmowledge generation and technological
development and it plays an important role in jolation and employment. The companies
are not only responsible to, and driven by, therggts of shareholders but they also are
responsible to, and influenced by, all stakeholdbet they come in contact with, either
directly (consumers, employees, governmental utssits, supply chain, etc.) or indirectly
(competitors, educational institutions, public engral).

The manufacturing industry is strictly subject tee tirreversible hierarchy of the strong
sustainability model. The strong sustainability mloduggests that the different kinds of
capital contained by environment, society and engnoannot be substituted (Gray, 1992),
contrary to the weak sustainability model whicly rah the unrealistic assumption that “either
unlimited substitution among different kinds of itapis possible or that money is the
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universal substitute for anything” (Gowdy, 2005,24.6). Without resources, processes or
technologies would not be possible. Without humapitel input, physical and intellectual
labour requirements would not be met due to thg limited interchangability of different
assets provided by hierarchically interdependewirenmental, social and economic systems.

In addition, industry and the whole network of protion and consumption influence change
in the socio-technical system in the short, medand longer terms by development of new
technologies, generation of new knowledge and kao&aning all which sooner or later

influence changes in norms, values and life styfésough technological change, social and
cultural norms and perceptions change as wellirfSloistry itself is an agent of change which
can facilitate the change required within the sdethnical system needed to achieve
sustainability. Society and industry are interdejggm, and thus, sustainability of industry is
required to sustain society and vice versa. Thezefas well as top-down approaches like
policy development, bottom-up efforts such as pilagm@at company level is needed in order
to enable a holistic and thus effective transitmsustainability.

The complexity of socio-technical systems is whyfap system innovation has been of
interest to the science and technology policiesaeh agenda rather than design theory and
practice. The massive scale of required systenaagh rendered any interest for planning for
system innovation at company level irrelevant. Nthadess, it is our belief that the recent
developments around carbon markets, legislativadteat global level and increasing
stakeholder pressures on companies are signalsusdtainability transition taking place and
thus there is a need for company-level tools tadea in planning for system innovation.

System innovation requires long-term planning &@.years or more) due to the complexity
embedded both in natural and social systems anddyinamic nature of sustainability
requirements (Gaziulusoy & Boyle, 2007). The timanfes required for system innovation
are far beyond the ones usually used by compaaigddnning (Jansen, 2003). Nevertheless,
system innovation assumes structural changes ® pédce in the socio-technical system
including the major assumptions of the current eomn system and the role and
responsibilities of businesses within society. tidiion, companies are important actors
within the socio-technical regime and will have anportant role in developing the
technologies of the new system. Therefore, devetpfmols and methods which would enable
active participation of companies through theiribess practices in planning for system
innovation is necessary both in order to effectivelplement any plan at policy level and to
increase the adaptive capacity of individual congamith regards to the substantial change
which will take place through the transition. Arfrawork has to be established to portray the
ways companies are and can further be relatedstersyinnovation, and issues needing to be
solved should be identified and acknowledged indloés and methods to be developed.

In manufacturing companies, product design/devetynfunction is the key business
function, or, in other words, product design/depebent activity is the raison d’'étre of
manufacturing companies. Even though product dewedmt is the key business function in a
company, successful product development requinest ifrom all major business functions.
Therefore, product development teams, as refeoéd this paper, involve not only design
engineers and industrial designers but essentilijjone who is involved in the process,
including but not limited to, sales and marketime@alists, sustainability/ environmental
managers, innovation strategists/planners, techaichresearch experts, etc.



3.2.Criteria Development for the Scenario Method

In order to develop the criteria which need to bet oy the scenario method, two sets of
requirements were identified. The first set of iegments outlines the structure of the
method. The structural requirements are identifiaded on the theory of system innovation
for sustainability and analysis of previous praggeaimed to plan for and/or steer system
innovation. The second set of requirements is atfmitontent of the scenario method. The
content requirements are identified through a mevigf system innovation typologies,
scenario typologies and methods and, drivers andieb® for businesses to adopt
sustainability as a default business and produatldpment priority and to undertake radical
new product/technology development projects.

Table 1. Structural and content requirements for thescenario method
Structural Requirements Content Requirements
CRL1. The scenario method should enable
identification of alternative innovation paths
R2. The scenario method should aid in
[fentification of organisational/human
development requirements
SR2. The scenario method needs to| [BR3. The scenario method should aid in
layered identification of technical development
: eguirements
dSRS' The scenario method needs to ha %g4 The scenario method should have
ouble-flow . L :
operational, strategic, visionary periods
CR5. The scenario method should have a
risk approach to sustainability

SR1. The scenario method needs to
systemic

The process of identifying these requirements amally developing criteria was not a linear
and step-wise process. Firstly a conceptual framleweas developed for sustainable
technology development (Gaziulusoy & Boyle, 200Mick outlined the feedback paths
between higher levels of innovation (institutionaopcial/cultural, organisational) and
technological innovation. Following this the st@l requirements and sustainability
measure to be used in the scenario method wasopexk(Gaziulusoy & Boyle, 2008). Here
we present the model we developed to position iddal companies and product
development teams in the broader context of syseel innovation (Figure 3). This model
gave way to identification of the remaining contesquirements. Table 1 provides the three
structural and five content requirements identiioe@r the course of this research. Each one
of these requirements could have been acceptedrig@on. But they are somewhat related
to each other; some of them reinforce each othdrsame of them require another. For the
purpose of simplifying both the development andcetien of the scenario method we
decided to generate groups of related requirememtisestablish criteria in line with these
groups. The resulting criteria and brief explanadiare given below.

Criterion 1 (SR1, SR2, CR4): The scenario methodulghlink the planning periods
applicable to companies (operational and strategio) the long-term planning period
(visionary) in order to enable companies to addrémsg-term societal visions in their
strategies and effectively implement these strateigi product development.

Figure 3 combines the levels of innovation (Figdjeand the different scales of socio-

technical contexts (Figure 2) in order to link gystinnovation to individual companies’

activities in a meaningful way. As shown in Fig&ethe planning periods applicable to the
levels of innovation can be defined as operatiim#he short-term, strategic in the medium-
term and visionary in the long-term. The short-tersed here covers ten years which is the
longest business planning period for most companiés acknowledge that there are indeed
shorter periods that businesses need to make @exiand take action within, such as daily,
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monthly or annual periods. In addition, product@lepment cycles are getting shorter as the
global competition increases and lean product dgwveént practices become more
widespread. Nevertheless, it is empirically protieat as the innovativeness of products gets
higher the development cycle becomes longer (@riffi9o97a, 1997b). In cases of radical
innovation, the technological and market uncert@éntequire longer learning periods and
therefore more time needs to be invested (Herrm@assmann & Eisert, 2007). Case studies
(e.g. Lynn, Morone & Paulson, 1996; Veryzer Jr98.9Abetti, 2000) have shown that for
radical innovations, time-to-market cycles as lasgand sometimes longer than ten years is
common. Therefore, this period of ten years igditg the operational period for radically
new product development and needs feedback frogefoplanning periods if we aim for a
deliberation towards sustainability. The stratgugciod should shape the operational period
through the setting of goals at the organisatigc@npany) level. Individual companies have
very limited agency to influence change at the espat level. Nevertheless, it should be
emphasised once again that companies are partietysand thus, even though they fall into
small/medium scale within the socio-technical systéheir strategic goals should not be
contradictory to visions of society and thus thetinategic goals should be aligned with the
meta-goals desired at societal level to achieveamability. Therefore, the planning periods
applicable to companies (operational and strategegd to be linked to the long-term
planning period, theoretically at the end of whtble whole socio-technical system should
have been transformed. As a result, companies glzmkinowledge the long-term visions of
the society during their strategy development whien will guide the product development
decisions.
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Criterion 2 (SR1, CR2, CR3): The scenario methaxlikshaid companies in identifying not
only technology development requirements but alsgargsational/human development
requirements and should facilitate integration df business functions in line with the
company strategy.

The organisational/human context will determine shecess of any technical activity since
the capacity, knowledge and capability to innovatgenerated, assessed, developed and used
within the organisational context (Jorna, 2006)ziGlasoy and Boyle (2007) indicate that
organisational innovations should cover a longeetspan than technological innovations in
order to be able to influence technological innmreg towards sustainability. The scenario
method which will be used at company level shouldt only help to identify
technical/engineering requirements related to prbdevelopment function but also should
address organisational/lhuman dimensions of comgawgrnance. Therefore, the scenario
method should enable technological development weflierence to organisational vision
which should cover a longer time span in plannirgy; which should oversee a company’s
product development path and guide it towards systmovation for sustainability. In this
context, organisational planning plays an interfacée between purely technological
innovations achieved within the product developmeatn and system innovation which will
be achieved within the wider socio-technical system

Criterion 3 (SR1, SR3, CR2, CR3, CR4): The scenarthod should aid companies in
developing an integrated business strategy aligwét societal level sustainability visions
and day-to-day business activities.

The scenario method should aid in integrating thelications of a normative sustainability
vision, which needs to be achieved in the long-tand at a socio-technical system level, into
day-to-day business activities. This requires mabsation of sustainability into company
strategy through generic tools like Strengths Weakas Opportunities and Threats (SWOT)
analysis, results of which should be aligned witleo business priorities. This would enable
internalisation of innovation for sustainability ptoduct development (operational) level
through identification of design criteria. Sinceceseissful product development requires
integration of all major business functions witlincompany and since company strategy
needs to be referenced to future visions in orguide product development towards system
innovation, the scenario method should enable fateg of business functions in line with
the organisational/strategic plan. Johansson, Gudf Fleischer (2007) provide a review of
several studies which identify barriers to inteigratof business functions. They also refer to
the studies which identify mechanisms facilitatingegration which can be of technological
and/or organisational nature. Therefore, constractiand organisation of product
development teams will play a very important releany attempt for system level innovation
to be successful. The organisational and technmdbdiarriers to integration of business
functions need to be acknowledged along with péssézilitating mechanisms in developing
a scenario method for the use of companies.

Criterion 4 (SR3, CR1): The scenario method shbakk a double-flow approach in order to
link present and future in a realistic way and elealolentification of alternative innovation
paths which are possible from a technological pointiew, acceptable from a social/cultural
point of view and desirable from a sustainabilityn of view.

Gaziulusoy and Boyle (2008) provided a critiquesoénario methodologies used previously
to plan for sustainable technology development. dritesism they brought regarding the flow

directions of previously used methodologies were:
Starting only from the future may result in notrigeable to acknowledge the lock-ins needing
to be overcome and which are embedded in the presmmno-technical system. On the
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contrary, for a backwards scenario building appnoéallowing only a forward flow of strict
causality may limit multiplicity of paths or evehet possibility of developing a path for
periods longer than medium-term (p. 903).
They proposed a double-flow approach to scenaneldpment where two sets of scenarios
would be developed, one set starting from the piteaed the other from the future while
aiming for alignment at the medium-term.

Criterion 5 (SR1, SR2, CR2, CR3, CR5): The scermarthod should have a layered risk
approach to sustainability in order to incorporasecietal-level sustainability vision into
companies’ organisational and product developméateagy.

Thompson et al., as cited in Jansen (2003), paittiat the eco-efficiency factor we should
achieve in line with growing population and desiredlfare level varies from 2 to 50
depending on assumptions. Jansen (2003) statesathéving these eco-efficiencies is
already a very challenging undertaking; howeveenethe most ambitious targets will not be
sufficient in the long run for two reasons. Firbgcause eco-efficiency improves only
environmental performance and does not addressofrtiie social issues which require
solving and, second, because eco-efficient growithreach the earth’s limits eventually.
Gaziulusoy and Boyle (2008) provided a critiquesastainability assessment methods and
suggested using risk-to-sustainability as a measteterenced to Boyle's (2004) risk
assessment framework. They pointed out that bathefuired length of long-term planning
and risks are context dependent and should bendietedt in line with, as defined by Costanza
and Patten (1995), the nominal life span of theatpmal context. In line with this analysis,
they suggested using the categorisation belowanas@o development:
 Sustainability risks: Overarching global risks mpmgithreat to proper functioning of the
society (e.g. climate change, peak oil, etc.). €ha®e also referred to as first order risks;
and
» Contextual risks: Context dependent risks rising asnsequence of sustainability risks and

pose threat to a specific operational context arnslib-system (e.g. cities, industry, sectors,

companies, etc.). These are also referred to asdewrder risks (p. 897).
Analysing contextual risks at company level conttd@s to fulfilment of internalising
sustainability in a company strategy and havingysetled approach to risk analysis helps
individual companies in contributing to establismmnef meta-goals or long-term visions at
society level. In addition, this layered approactaldes addressing the complexity and
dynamism of hierarchical and irreversible interdefencies of environmental, social and
economic systems through analysis of first ordesksri followed by identifying their
implications on the company. Developing strategidsch take these implications into
consideration will guide product development patysvaowards system innovation and
improve adaptive capacity of companies.

4. Conclusion

The change required to achieve sustainability dallsinnovation at system level. System

innovation does not only take place in the techgicll context but also requires substantial
change within all contexts of the socio-technigatem. In addition, due to the complexity of

the socio-technical system and the scale of reduh®nge, system innovation necessitates
long-term planning which is beyond the normal plagrand operating periods of companies.

Nevertheless, companies are important actors aadgehagents within the socio-technical

system. Therefore, there is an increasing needidols/methods which can be used by

companies to plan and develop products/servictseafiew technology system.

This paper presented results of ongoing researdichwhroposes to develop a scenario

method to help companies and product developmanigen planning for system innovation.
In line with the developed criteria, the scenaretimod should:
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« link the planning periods applicable to companigsefational and strategic) to the long-
term planning period (visionary) in order to enalblempanies to address long-term
societal visions in their strategies and effecjivehplement these strategies in product
development;

« aid companies in identifying not only technologyweék®pment requirements but also
organisational/human development requirements aodld facilitate integration of all
business functions in line with the company strgteg

« aid companies in developing an integrated busisgssegy aligned with societal level
sustainability visions and day-to-day businessvaids;

« have a double-flow approach in order to link présamd future in a realistic way and
enable identification of alternative innovation hmatwhich are possible from a
technological point of view, acceptable from a aticultural point of view and desirable
from a sustainability point of view; and

- have a layered risk approach to sustainability idep to incorporate societal-level
sustainability vision into companies’ organisatioaad product development strategy.
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