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Defining and evaluating “science for sustainability

Paul M. Weaver and J. L. Jansen

1. Summary

If science and engineering efforts in support cdtaimable development are to be made more
effective we need to be able to evaluate the effeoess of innovative research programmes and
the transferability of good practice. In turn, tispends on establishing an externally-specified
reference standard by which to evaluate programenpnance. This paper sets out to define
the challenge that sustainability poses to sciamckengineering by drawing out key differences
from usual scientific practice. These differencessed as a basis for developing a preliminary
methodology for evaluating science and engineer@ftprts in support of sustainable
development. Our initial hypotheses are that: thetrdoution that a research project makes to
sustainable development is related to a set ofrgepeoduct- and process- related research
outcomes, which can be evaluated on the basisrofatove (externally-specified) sustainability
criteria; research management procedures, resdasifjns and research processes that conform
strongly with the principles of sustainable develemt are likely to contribute to strong research
outcomes; and, both research designs and reseatctntes are likely to be influenced by the
external research context, especially by the egsstatus of scientific and social capital and
capacities and by how well these are aligned tat theechallenges to science and society posed
by sustainable development. A fourth hypothesihas contextual conditions, research designs
and research outcomes are dynamically intercontettimugh a feedback loop. The paper
describes the AIRP-SD study of the EC STRATA progree that tested these hypothe'sés.
draws lessons from the study about the nature afessful science and engineering efforts in
support of sustainable development and suggestsviiiadesigned programmes could leverage
the effectiveness of future RTD activities by imying the quality of research contexts.

! This paper is in part based on the research prdjdaptive Integration of Research and Policy for tSinsble Development
(AIRP-SDY}, which was financed within the EU Improving HumBotential Programme by the Strategic Analysis aécHjz
Political Issues (STRATA) activity. The authors tgfally acknowledge the support received from tté Ehe views expressed
in the chapter are those of the authors and mainrasty circumstances be regarded as stating amabfbosition of the European
Commission.
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2. Introduction

A priority need as we enter the*2Century is for future development to be sustaimatid for
future products, processes and services to be peddwith much higher eco-efficiency. Just as
labour productivity improvement has been the ggditheme of past growth-oriented
development, resource productivity improvement tdlthe dominant theme that drives and co-
ordinates innovation in the 21Century, which will be concerned increasingly withe
gualitative aspects of how economic output and thesde produced. The pressure of a growing
world population and a growing world economy ageits everywhere seek to secure a decent
standard of living on a planet with limited resces@nd limited capacity to absorb and process
wastes ensures that this will be the case. In tinahigh levels of eco-efficiency and resource
productivity improvement that will be needed in twming decades - improvements of an order
of magnitude at least - will require "systems IEx&Hanges in the way that needs are met, jobs
are created, income is earned and export salggears¥ated. In their turn, these will depend upon
changes in the institutions that support develograed that provide the contextual framework
for innovation and decision making.

Given the lead times involved in achieving resoumm®ductivity improvements of this
magnitude, work on strategic long-term restrucgiiaf our economies and societies needs to be
underway already if the sustainability challenge tis be met. This is why sustainable
development is so great a challenge to societies tanscience. It defines a wholly new
development paradigm. It calls for innovation asrasbroad set of fronts: structural, social and
technological. Perhaps most importantly, it cadlsihnovation in the innovation system itself in
order to re-orient innovation efforts toward nevalgo to make these efforts more efficient and to
accelerate the pace of progress on resource praitipanprovement so that this overtakes and
runs increasingly ahead of economic growth. Onnth and only if achieved eco-efficiency
gains are used to reduce environmental pressureeamate poverty reduction - will the stress on
the planetary system that underpins our economigssocieties and our welfare be reduced.

Sustainable development implies a new industriabligion that will see new concepts of
"wellbeing" and new models of "competitiveness" egee Living standards and life quality
within countries will increasingly depend upon tlesource efficiency with which vital needs are
met. In the richer countries with ageing populatioa backlog of environmental problems and a
need to restructure physical infrastructures tohi new context, there will be many claims on
increasingly scarce capital. Reducing the resowwst of comfortable living will be an
imperative for the future wellbeing of societiestiwiarge numbers of non-working citizens,
while in the productive economy increasing resousceductivity will be an imperative for
securing the highest possible marginal productigikyabour and capital, as well as of natural
resources. Competitiveness and what determinesl ibevredefined. Economic leadership in the
21% Century will lie with those nations that seize tbeportunity of responding to the
sustainability challenge. They will make their ownonomies more robust and resilient in a
world characterised by high resource prices, higistes disposal costs and increasing threats to
conventional energy and materials supply chaingyTwill also lead in the technologies and
associated know-how of the new 'resource produgtidevelopment paradigm. History shows
that leadership processes are dominated by positadback and that an early lead in meeting an
innovation challenge often brings long-lasting ceitpre advantage. First movers will have best
chance of becoming long-term front-runners.
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This paper looks in greater depth at the innovatioallenges that sustainable development poses
for science and engineering. Precisely what arehidenges? What have been the responses to
date? How effectively have these challenges bedanbmehe first set of pioneering innovation
programmes that have set out to support sustainksvielopment? Are there transferable lessons
to be learned?

3. Sustainability challenges to science and society

Prevailing systems of innovation and the prevailidgvelopment pathway are mutually
supportive and re-enforcing. The institutions iwmeal in the generation, commercialisation and
diffusion of new products, processes and servicaacluding the institutions of science,
government, business and finance, as well as tlstersg for determining research and
technology development priorities - are all part-gparcel of the same prevailing development
paradigm. In effect, today's national innovatiosteyns and the current development paradigm
have co-evolved. By contrast, sustainable developmneplies paradigmatic change - innovation
for a new development paradigm. At issue is wheth& possible to initiate new innovation
trajectories from within the context of prevailimgstitutional and organisational arrangements
that have been developed over generations andrramegad specifically to support business-as-
usual. A first concern is to develop a typology tbé specific challenges that sustainable
development poses for science and society as a fmassuggesting what forms of restructuring
and reorientation of innovation systems are regudned what kinds of new scientific, social and
governance capacities and capital need to be builstrengthened to support sustainable
development.

Orientation and ambition

A fundamental starting point is that sustainablesettgoment - with its requirement for
improvements in eco-efficiency of an order-of-magde or more - implies the need for new
system-level solutions to production-consumptioresgions. The need is for path-breaking
solutions conceived in terms of fundamentally défg sets of technologies, institutions and
social arrangements than those we have today. \&ha@neovators working to improve existing
solutions can take the paradigmatic framework demti for granted, those working on
sustainable solutions must base their work on tiefbthat these will change. Moreover, they
must actively work toward changing them if new siolus are to be implemented. This means
that innovation for sustainability cannot be reséd to designing and evaluating solutions, but
must also engage with tipeocess of designing and implementing paradigmatic charides is a
strategic management challenge that requires dpeaigs of working and a special toolkit to
deal with the issues entailed, such as creatingnasof sustainable futures, handling the
dynamics of co-evolutionary change on several iation fronts, handling uncertainty that is
inherent when shifting into realms not previouslyperienced and communicating with
stakeholders and decision makers about options thad implications. The challenge of
managing change and transition is a multi-level, osiace different spatial levels of the
development system (local, national, regional, glpkare interdependent. This means that
sustainability research may be targeted on techrdeaelopment problems or transition-
management problems that are manifest on any dmati¢hat ‘solutions’ will always need to be
designed and evaluated to take into account tke With other scales.
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The normative nature of sustainability implies tliaé challenge is prescriptive, rather than
predictive. The challenge is not to forecast therfe;, but rather to envision a desirable socio-
economic future that meets macro-sustainabilityst@amts and conforms with society-agreed
concepts of what constitutes a good quality of lifeset this as a target state and to work toward
its realisation. The design task is multi-dimensiobecause societies' needs are multi-faceted.
Sustainable development implies the need to consadebroad set of economic, social,
environmental and political criteria. This impliggt these same criteria are integrated into every
step and stage in the process of finding, evalgadind implementing solutions. It implies the
need for multi-objective, multi-criteria methodsdatools for analysis. And it implies widening
the boundary of analysis to encompass all sigmficeross-over impacts so that these are
internalised into analysis and impact assessmdiat.rdquirement to take many disparate criteria
into account complicates the search process, giremgyages non-market values and implies the
need for decisions to be made over the relativeomapce of different criteria and for
compromise and trade-off among objectives. Thectele of criteria and the relative weighting
of each cannot be established by reference to saokdoy scientific supposition, but can only be
determined and legitimated by stakeholders ana teeresentatives. Moreover, the criteria and
weightings are likely to change as stakeholderdetsiandings change and, with it, their values
and attitudes. In turn, this implies that sciestisannot search for solutions alone, but are
engaged as one of several agents in a dynamicggotsocial problem-solving.

Complexity and uncertainty

In sustainable development the focus is no longstr the techno-economic system that delivers
economic growth, but the whole socio-ecologicaltesys embracing the natural world, the
cultural world and interactions between the two.eOvecent years there has been stunning
advance in our understanding of the planet, itdohysof transformations and its present
dynamics (Holling 1990). We now know that the natuworld is a complex, hierarchically-
structured system characterised by non-linear dysart belongs in the class of evolving, self-
organising, “dissipative systems”, which are faynfr thermodynamic equilibrium, which have
multiple stable states, which are characterisethbypotential for irreversible change and where
discontinuous behaviour and structural change asribrm. By implication, the understanding
needed for environmental change covers procesaesjrate over an enormous range of scales,
interactions that operate with wide-ranging timgslaand impacts that depend on threshold
effects. The inherent complexity of the natural Mideads to indeterminacy and uncertainty. It is
intrinsically impossible to understand perfectlydacompletely so complex a system whose
behaviours may be, in any event, intrinsically ditao

This is all the more important when interactionswsen mankind and nature are increasingly
mediated through more powerful technologies. Thenlination of uncertainty, powerful
technological interventions, the potential for weesible ecological change and the limited
capacity of humanity to adapt or respond when epcdd change undermines the very basis of
human survival or life quality constitutes a powéidase for a precautionary approach. This is
certainly the case when planetary stability istakes and may also apply when the livelihoods
and quality of life of large numbers of vulneralpleople are threatened by a technology or a
development whose impacts cannot be known in advamo exercise precaution demands
considered judgement of potential benefits andsridkdevelopment choices, as well as concern
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for the distribution of these across society andegations in relation to the vulnerabilities of
stakeholders in the event of problems.

There are comparable difficulties in dealing witte thuman and institutional systems, science
included, that are integral to the process of dgwekent and the search for sustainable
development. In sustainable development, we aréndeaith a decentralised and distributed
innovation system with many individual but interdagent actors and many stakeholders. As the
stakes involved in a shift to sustainable develapnaee high, there is need to reckon with the
interests and strategies of the various stakeh®hied also with the uneven distribution of power
in human and institutional systems. Human decisatsactions are frequently based upon what
effectively amount to gaming strategies, where phepose is to pre-empt the behaviour of
another actor or provoke a particular responses,Tthe social systems that interact with the
natural world are, in their own ways, just as cawplunpredictable and unfathomable as the
natural system. Social systems are complex. Indeeé&untowicz and Ravetz point out, they are
reflexively complex (Funtowicz and Ravetz 2002).

As there are no “cure-all” solutions in sustainatiesselopment, there is a need to ensure that
understanding of the sustainability threat and eqpption of the objectives and principles of

sustainable development are widely diffused infospheres of development decision making

within society, politics, business and science.

Scientific culture and organisation

One consequence of complexity is that no singlensitic discipline or field of expert knowledge
will be able to capture all that is relevant to #ralysis of development problems. Furthermore,
each field of expertise, while bringing to bear orant insights to the problem, will necessarily
introduce its own subjectivity relating to the fictal boundaries used to frame the problem and
to the theories and methods used to analyse theepno The assumptions introduced to enable a
complex real world system to be analysed in padsf each existed in isolation, and to enable
each part to be treated as if it were a simple eneiy complicated systefirather than something
elementally or functionally embedded within a coexpkystem, effectively ensure that each
system subjected to disciplinary scrutiny is, ifeef, artificial. The system analysed by each
discipline and the image each discipline holdshaf world and its phenomena reflect its own
cognitive understanding. Each is, at best, padiatprted and subjective. It follows that no sengl
discipline or approach can capture all that isvaaié, that it takes a plurality of approaches to
obtain the best possible image of reality or tongae best possible diagnosis of problems or
solutions and that no one discipline or perspeasivarivileged with a more “valid” insight than
others.

Thus, the tasks inherent in sustainable developraenttotally different from those for which
western science and modern innovation systems wamneeived. Funtowicz and Ravetz argue

2 Indeed, uncertainty is not just a feature of ca@m@ystems, it is the defining feature that distisges complex systems from
those that are simple or just complicated. A singgletem can be captured in theory and practicedsterministic, linear causal
analysis. Complicated systems require more vasafule explanation or for control than can be neatgnaged in its theory.
With complexity, we are dealing with phenomena dfifferent sort. In a complex system, elements sultsystems are defined
by their relation within hierarchies of inclusiondafunction. A complicated system can be modelidiibly despite the large
number of elements and relationships involved. mplex system, by contrast, is characterised byiptelpotential equilibria
and cannot be accurately or reliably modelled. Systthat are complex are not merely complicatedhbly very nature they
imply deep uncertainties and a plurality of legebe perspectives.
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that, conceptually and organisationally, moderersoe has been constructed around a model of
the relationship between mankind and nature asobmenquest and control rather than one of
respecting ecological limits, managing problemspeeting surprises and adapting to these
(Funtowicz and Ravetz 2002). Furthermore, the poaret influence of modern science are
derived from its facility to tackle problems thancbe neatly bounded. Modern science is based
upon two complementary traditions: a tradition tddking down complex real world systems of
interest into parts and a complementary, althowss Wwell developed, integration science for
combining the understanding obtained through disapy study of the separated parts. This
structure and organisation of science was develoged institutionalised long before the
problems of complexity, uncertainty and chaotic @eabtur were recognised. The result is that
conventional science is well equipped to deal wlith large number of problems and questions
that are manageable within fairly narrowly-definggstem boundaries (problems that concern
simple or complicated systems), but ill equippedd&al with complex systems and complex
developmental problems.

The strength of conventional science is that itvjgles for elegant theory and for a high level of
certainty and reproducibility of scientific findiagespecially when experimentation is conducted
under controlled conditions where all variableseotthan those under investigation are held
constant or are externalised. However, this strergypffset by several weaknesses. The initial
splitting of real world phenomena into discrete-sybtems of interest and the initial matching of
phenomena with study approaches are based uporticegmderstandings about what is and
what is not important, about what should and wHau&l not be studied and about how
phenomena of assumed interest should be studietheMtable subjectivity surrounds the initial
compartmentalisation and choice of analytical méthHa addition, the artificial simplification
introduced by delineating system boundaries may astrict the applicability of findings to real
world problems or lead to unintended and unforessgisequences when knowledge is applied,
since only those impacts that fall within the systdoundary will have been analysed.
Furthermore, each discipline has its own terminglagd conventions and makes its own set of
simplifying assumptions. These are often mutuabonsistent, making the theory, methods, data
and knowledge from different fields of study incaatiple and reducing the possibilities for
building the composite picture through integrataerence.

The major concern from the perspective of sustdendbvelopment, however, is that phenomena
that arise through system interactions and whiehrithe 'grey areas' between disciplines may
fall out of consideration altogether. In the pracetbreaking down real world systems into parts,
most of the links and relationships that are there¢ concerns of sustainable development — the
links between the natural and social systems owdsat levels in hierarchical structures or
between time periods — are severed and are naedtbg the specialised disciplines. Relatively
new academic fields such as resilience and congplstems theory seek to address these issues
by integrating the social and natural sciences. Ru¢he complexity and non-lineararity of
complex natural and human systems, scientists, ogeists, and engineers all have to make
assumptions when constructing their mathematicalaiso In sustainable development our very
concern is for relationships, phenomena and prabldmat lie at the interfaces between different
scientific fields. Moreover, the very fact that skeare today's major societal problems in part
reflects their past neglect by the prevailing stifien paradigm which, consistent with the
prevailing development paradigm to which sciencerasursively related, has tended to
externalise them.
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Another facet of scientific culture that arisesnfranalysing bounded systems along the tradition
of experimental science is the image of sciencenagdral and objective with a purpose to
establish hard facts and truths. The “science dispalaces importance on scientific certainty.
Whilst there are notable exceptions, overall aowarenough focus is usually chosen in order to
develop data and tests that can be used to rejeatid hypotheses. A major hindrance to
progressive research is the pressure to narrowrtanay to the point where acceptance of an
argument among scientific peers is essentially umams. Thus a culture is developed where
scientists are reluctant to present findings oomgoendations until there is a strong basis of
scientific evidence that puts these beyond doufe. dpproach is conservative and unambiguous
at the price of being incomplete. But the dangahf approach is that in being so focused it will
miss critical areas and is not appropriate foranability.

One response has been to distinguish differentstgbaincertainty. Nonetheless, the insights of
chaos theory, behavioural psychology and resiliethe®ry mean that whichever approach to
modeling is taken there will always be some irralollecuncertainty about the behaviour of our
systems of interest and therefore also about theomes of management interventions in those
systems. Given the intrinsic limit to our capacity model the behaviour of our systems of
interest, the issue switches to one of how beshamage such systems. The challenge is to
develop a differentnanagement approach based upon regarding uncertainty less as an ddstac
action and more as a source of creativity and iagpn for the development of intrinsically safe
interventions. The challenge to science in suppbrsuch a management approach is to shift
toward a ‘whole system' / 'design for sustaingbifipproach. A focus on whole system design
for sustainability can at least deliver relativatamty over what can be done to reduce our
ecological footprint and can be used, at the same, to integrate environmental, economic and
social criteria into solution designs.

Communication with policy makers and stakeholders

Even though the specifics of sustainability proldeane relatively new, an established body of
theory and methods has been developed in relatiandlogous complex problems. This body of
theory and experience suggests that problems dbassd by a large number of potentially
conflicting objectives, high degrees of uncertairtyd risk, potential irreversibilities, large
numbers of stakeholders, high stakes, unavoidalligstivity and context specificity, cannot be
handled satisfactorily by centralised decision mgkstructures and processes. Instead, they are
best analysed and resolved in decentralised faghimugh participatory processes that engage
the relevant actors and stakeholders in a consteusbcial process of mutual learning and
decision making. Thus, innovation for sustainapitalls not only for interdisciplinary working,
but also for transdisciplinarity, interagency wagiand stakeholder engagement. Innovation for
sustainability must integrate knowledge, values actibns from different domains, both formal
and informal.

Since uncertainty is high, the analysis of uncatyabecomes a topic for analysis in itself.
Moreover, through the connection between sciendeiraplementation an opportunity is created
to learn about the systems under management, sw@g policy and management action will

3 Such a shift can be seen in the traditionally céduist field of chemistry. Originally, environmtl chemistry was concerned
simply to measure levels of pollutants in the emvinent. But, since the early 1990s, chemists areasingly seeking to design
chemicals for dissipative uses so that these #&iasitally benign. They are beginning to ‘desigit-toxic chemicals. Such shifts
will greatly assist policy makers looking for satuts-oriented approaches to sustainable development
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necessarily be taken on the basis of incompletmeseiand will represent a test of the underlying
hypotheses upon which the policy or managemenbracsi predicated. This essentially describes
an “adaptive management” approach (Holling 1978It& 1986) that is sometimes used in the
management of renewable resources, but which céaich a useful general model for
sustainability-oriented innovation. The essentiainp here is that in the case of sustainability
there is a special need for continuous learningadaptation, since the system of interest is not
only incompletely understood, but it is also a mgvtarget, evolving in part because of the
impacts of management actions. Under these ciranoss, management actions need to achieve
not only the social goals desired, but also eveinging understanding of the system under
management. Policy and management actions can digndd specifically to test hypotheses,
probe the system and, so, reduce uncertainty. giits premium on the quality of the science-
policy interface and, also, on the levels of s@tigust in policy makers and scientists.

The foregoing comments also help to throw light thee links between risk, uncertainty,
experimentation and learning, which is useful fpe@tionalising the precautionary principle.
Clearly, risk cannot be avoided in situations ofemainty. Moreover, a balance has to be struck
between the risk inherent in inaction and the rissacting on the basis of incomplete
knowledge. When issues and the responses are domaalen regional, actions can be designed as
management and scientific experiments whose purgose generate both understanding and
solutions at the same time. But when problems kreay) such as in the case of climatic change,
a very different approach is neede@ood experiments are meant to fail, but the erpemters
should live to learn from their experiment. Hollipgoposes the general rule here that risk taking
is appropriate only when errors are affordable. dhfiérently: "We should not take risks with
elements and qualities that underpin societiesh@o@es or nature, especially when these are
inherently planetary in scale, since these ares¢ing foundations upon which sustainability with
opportunity is based. Such elements and propestiesid be protected and preserved" (Holling
1990).

This raises the more general issue of communicatidhe science-policy interface. In principle,
science is needed to supply the underpinningsfofrimed action while policy and management
responses are needed to create an enabling frakéavaustainable development. However, the
two communities - scientists and policy makersegirently suffer from a communications gap
(Myers 1990). The issue is complicated, becauseguldty of communication at this interface is
a function not only of how science is organised, &go of the organisation of policy making.
Just as the disciplinary division of science exiéses important factors from scientific
consideration, so the division into governmentareges, departments and ministries can lead to
neglect of factors that fall outside agency or depantal responsibilities. The divisions may
mean that the institutions of government find diffty in developing integrative responses to
systems-level solutions even when these are prdpbgescience. One implication is that the
capacity of government to develop integrated palesponses may be a contextual factor in the
success of innovation. Another may be that buildinig capacity is potentially an important
element in adapting our national innovation systémdit them better to support sustainable
development.

* Thus, Holling argues that in this castéhe observed and anticipated changes in carboriddimoncentration alone are so
unambiguous, so great and world-wide that we dareantinue as we are. We cannot predict configiemitiat impacts will flow
from these changes, but we cannot continue toquiiguch a huge experiment on the whole plafiéslling 1990).
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New roles for scientists and engineers

In sum, the requirements of sustainable developmapiyy the need to reorient innovation efforts
toward new thematic priorities and new processlehgés. They specify new roles for scientists
within the process of sustainable development asators, facilitators, co-ordinators and
mediators in societal processes of complex prolslelving and decision making. These roles are
additional to the traditional roles of science amdhnology in providing information and
technical means. They specify new tasks in relaiothe handling of risk and uncertainty, and
pose special requirements for communicating wittvide range of non-scientific actors and
stakeholders as well as with policy makers. Theplymew ways of working, focused on
inclusive and interactive approaches. They alsei§pa wider set of goals and outcomes for
science and technology, which in turn holds impiass for research management, research
funding and research evaluation. New funding modedsneeded to enable innovation challenges
to be re-conceptualised from first principles, tanslate these into research proposals, to build
transdisciplinary research networks and to cover #additional costs that are implied for
stakeholder participation and communication.

4, The AIRP-SD Project

At issue is the potential contradiction that sumthility research, which by definition is aimed at
changing development trajectories and paradigms$pdsy dependent on prevailing national
innovation systems for recognition, resources ame@rsg. This situation is hardly likely to
liberate innovation for sustainability unless spéprovisions are made at the outset expressly for
this purpose. In some countries, this fact has leegiticitly recognised and efforts have been
made to establish pioneering programmes of resemmdhtechnology development (RTD) with
mandates not only for exploring radical new waysneeting needs in the long-term future, but
also for strengthening the innovation system ircé@pacity to support sustainable development,
for example by developing and testing research oasttand innovation management processes
appropriate for supporting sustainable development.

In order to learn from the experience of these watiwe sustainability-oriented programmes, a
specific research project was established withinftamework of the EC STRATA Programme.
Its mandate was to make consistent evaluationsoafesof the first wave of innovative
sustainability-oriented RTD programmes. The AIRP-®bject screened over 100 RTD
programmes and projects and made detailed evahgatibnine, which were choseimter alia,
because of their specific sustainability orientatiaheir long-term outlook, their innovative
approaches to research definition, finance, managerand design and the availability of
detailed information about the programme. The riiED programmes chosen for detailed
evaluation included, among others, the Socio-Ecoddd’rogramme (Germany), the Programme
on Technologies for Sustainable Development (Aastthe Ecocycle Programme (Sweden), the
Zero Emission Research Initiative (Japan) and thlesteéhable Technology Development
Programme (the Netherlands).

The AIRP-SD project objective was to find how béstdesign and administer innovation
programmes in support of sustainable developmentadswer to this question clearly depends
upon using a consistent evaluation methodology dhagmn external reference standards for
judging programme completeness and quality. Butereds evaluators usually have an
established reference standard to structure tivailuations, in regard to innovation efforts in

10
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support of sustainable development there is nobkstted reference model for how science
efforts should be designed and no firm basis ofedgpce over which research designs have
worked well in the past or have worked better tldimers. Indeed, to find answers to these
guestions was the purpose of the AIRP-SD reseatals, an ancillary objective of the AIRP-SD
project was to design an appropriate method foruatiag sustainability-oriented research
programmes.

The lack of an established body of theory and pracat the start of the AIRP-SD project
suggested the need to develop one through aniveerdteuristic procedure, beginning with
tentative hypotheses about the nature of the relsganocesses that might support sustainable
development and then testing, refining and valptine hypotheses through the evaluation
process itself (Weaver 2002a). The first set ofkivigy hypotheses was based upon what can be
deduced about innovation for sustainability frora doncept of sustainable development itself or
from the nature of the socio-ecological system mkrest or from experience in handling
analogous complex problems.

The AIRP-SD project identified three connected otsidor evaluation: the outcomes of research
programmes; the quality of research design, promedsnanagement and the innovation context.
In addition, using the normative-deductive approdehcribed above, the project specified a set
of goal-oriented and process-oriented sustainglglinciples. These include: the maintenance of
ecosystem function and diversity; intergeneratiorglity; intragenerational equity; broad
participation; promoting actions to face vulnerdpiand build resilience; precautionary action;
knowledge sharing and mutual learning; transparamclyjustification of decision making; global
and systemic approaches (which include spill-owgpacts); and, the use of appropriate issue-
scale boundaries (space-time boundaries) in prokd@alysis. Again, using a normative-
deductive approach and reflecting upon the chadlernfpat sustainable development poses for
innovation, the project set out a broad set of germutcomes that innovation for sustainability
could target including: visions and indicators ekuable socio-economic futures; new solutions
to development problems consistent with such vsig¢a.g., new production-consumption
systems or elements thereof); models and informatiosupport of transition processes; new
supporting scientific capital and capacities; ar@ly supporting social capital and capacities.

The approach of AIRP-SD was that research progranoald be evaluated on the basis of the
strength of their contribution to these outcomdmt tthe quality of the research design and
process could be evaluated on its degree of coitfpmith sustainability principles, and that the
context for innovation could be evaluated on thsidaf the status of the national innovation
system in relation to how well this facilitates meg the sustainability challenges faced. As
working hypotheses, the project was developed fieanpropositions that: contextual conditions
influence both innovation efforts (level, designaljy, orientation; etc.) and innovation
outcomes; research design and management quafiyermces the nature and quality of
innovation outcomes; and, contextual conditionseaech design and process characteristics and
programme outcomes are interconnected dynamidalbugh a feedback loop (Weaver 2002a,
Weaver 2002b).

To test these hypotheses evidence was collecte@dohn of the nine programmes to enable
judgements to be made about programme contextggndeand outcomes. Judgements were
made about the strength (strong, weak, neutral)dedtion (positive, negative) in relation to
how well contextual conditions facilitate innovatidor sustainable development, in relation to
how well programme management and design confoitim suistainability principles, and to how
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well programme outcomes contribute to sustaingbijpals. Different relevant features of

programme contexts, research designs and outcommesfinst evaluated separately and then the
links between the evaluation objects were analysedhis second step, it was possible to

evaluate the influence of each feature of a prograndesign on programme outcomes, the
influence of each feature of a programme designathnother design features (to explore

synergies), the influence of context on programrasigh (to explore context dependency and
transferability of innovative design features) aackvaluate any programme-induced changes in
context.

Clearly, good practice may be context specificams instances, but may also be in the form of
generalisable lessons. There was certainly a geadl af conformity across programmes about
the importance of adopting liberating financial aa@inistrative models, reconceptualising the
innovation challenge, setting ambitious targetsypidg a systems approach, adopting a co-
evolutionary approach, practising transdisciplityanising iterative and participatory procedures,
using multi-purpose and multi-functional tools/medR, etc. It also seems to help to have an
influential, respected and charismatic person t&enthe initial breakthrough by taking the fight
to the funding agencies to win backing for a susthility-oriented RTD programme and/or to
have a creative administrator in a funding agenbg ws willing to risk some percentage of a
research budget on efforts aimed at supporting-teng sustainable development and scientific
renewal.

5. Good practice in science for sustainable develomnt

Findings from the AIRP-SD project support the hymsis that research programmes that are
designed, administered and implemented in confgrmith sustainability principles and goals
and which practice the principles of sustainabibtgliver outcomes that support sustainable
development. Furthermore, there are clear synergimeng design features of successful
programmes. By way of example, broad participateomd transdisciplinary working is an
important design feature for sustainability-oriehteanovation. So is an iterative research
procedure. But the presence of both in the resedesign is what provides opportunity for
mutual learning and enables assumptions and positio be revisited in the course of a
programme, paving the way for a dynamic adjustrmetite research process, which is needed to
build compromises and to handle risks and uncei#¢sin Just as sustainable development
represents a coherent, integrated, systems apptodiading solutions to development problems,
innovation in support of sustainable developmemidseo adopt a compatible systems approach.
This requires that the approaches taken to reseamahagement and design integrate
sustainability principles and objectives into eaold every aspect of process.

Recommendations for sustainability-oriented redegocogramme design and conduct are
summarised in Table 1 (Janseral 2003) and in the following paragraphs. Detailesutts and
examples of good practice are reported elsewhemet@iviczet al 2003). Summary conclusions
cover appropriate financial models, organisationatiels and research models for sustainability-
oriented RTD programmes together with suggestiansnfianaging cross-cutting aspects of
programmes, including knowledge management, contation and dissemination, and the
handling of risk and uncertainty.

Financial model: Given the multiplicity of objectives that sustaiesolutions are asked to meet
and the trade-offs between these that are imphaedijversity of funding sources (co-funding
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arrangements) together with flexible funding mea$as that are oriented to problem-solving
(phased funding arrangements with in-built decisimoments) are best suited to provide for the
independence and integrity of researchers andnaseasults. Such financial models also enable
innovative 'checks and brakes' mechanisms to berpocated. Because learning and sharing
knowledge are key components of the sustainablelolement process, funding should cover the
creation of knowledge partnerships, training at@si and quality assurance procedures.
Dedicated funding is specifically required for pmimg internal cross-learning among
programme projects or components and for promoemgernal knowledge sharing with
stakeholders and the general public. Owing to oing-term nature and inherent uncertainty and
complexity of sustainability-oriented research dabee is required in financial management
between traditional approaches and openness. Seshamecriteria for programme evaluation are
needed that allow for uncertainty and risk

Organisational model: Considering the high degree of complexity and vaoay surrounding
the objects and modes of sustainability-orienteseaiech, flexible management and decision
making patterns (adaptive management) embeddinggehas a structural factor and oriented
toward participatory problem-solving are needede@ess, transparency and accountability of
management are important guiding principles for t®od governance of programmes.
Continuous quality assurance procedures by progetis# engage an extended research
community and mechanisms for extended consultg@oticipation with stakeholders across
societal sectors are needed. Because sociallytr¢thered) decisions are highly desirable, there
is a need to re-define success factors for managesmeay from simply financial factors so that
these include the guiding principles just listedartigipation, openness and transparency.
Managers' profiles and selection criteria mightnbedified accordingly and enhanced via on-
going learning. Equally, because sustainabilityeaesh transcends natural and social sciences,
management and research teams should engage maiphdary capacities to enable new forms
of problem conceptualisation and new pathwaysdivirsg problems to emerge.

Research model: Quality checks are needed at the exploratory aitétion phases of research
programme set-up to ensure all required aspectsstaletholders are duly considered and to
ensure internal consistency. There is a need tarersomplementarity and coherence among
components of research design and process. Theapnoge design should preferably be inter-
and trans- disciplinary, long-term oriented, impéamation oriented, vision led, and system based
including global concerns. Broad participation n@mubms from exploration and initiation
phases are needed with repeated moments of patiaipthroughout the research programme in
order to build a basis of shared knowledge and @ting 'language’ to allow interchange of
knowledge and information as well as to promoteudision and bargaining of values. The
selection of activities for funding should be operscrutiny via transparent criteria. Accountable
evaluation methods are required based on transparerd upon input from representatives of
multiple interests. Multi-functional approaches ambls should be used in the research to
develop and to evaluate developmental options dwedet should be justified in terms of
legitimacy, fitness for purpose, reliability, efQuality assurance procedures are needed at each
outcome level.

Knowledge management, communication and dissemination: Science for sustainable

development implies a paradigm shift in researevetbpment and innovation. The main issues
for knowledge management relate to sustainabilitgraness raising, knowledge sharing, mutual
learning and quality assurance to assure legitintdclgoth research and practice. Essentially,
these call for a new model of science for policgdshon a co-production of knowledge. In turn,
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this calls for a democratisation of the researabc@ss, which requires extended participation
across societal sectors and accountability of wdiffe perspectives. This requires mediation
structures, spaces and processes to be creatad R programmes to enable different types
of knowledge to be exchanged and mediated intoulsaput for sustainability research,
especially in relation to problem-framing, the ¢i@a of shared visions and the evaluation of
research processes and products. Inter- and trsciplothary research implies a "mixed"
community of researchers and research users, seldesige has to be prepared for many different
audiences if sharing is to be successful. Time rbesinvested in developing and clarifying
meanings and a common language. Equally, whenngealith external audiences, training and
dissemination efforts should be tailored for spediérget groups. The range of such groups
necessarily extends in sustainability-oriented aege well beyond the usual scientific peer
groups of normal science. In essence, sustainalgigearch can be considered as a platform for
multiple languages, perspectives and scales; gadsto be operationalised through methods that
create contexts of dialogue among diversity andaity. Quality checks by peer reviewers and
by users (extended peer reviews) are needed sthgks in the research in order to attain socially
robust research processes and products.

Uncertainty and risk: The management of uncertainty and risk must baidered explicitly in
the research design, not only because sustailyabpilibblematiques are inherently prone to
uncertainties, but also because programme outcomagsbe further sources of uncertainty and
risk when RTD programmes are highly innovative sar@ concerned with innovation in
situations characterised by vulnerability. Manageimef risk and uncertainty in such cases
depends upon establishing assessment activities oandreating resilience conditions for
adaptation, such as strategies for coping with tenohed effects. Risk and uncertainty
management activities therefore need to be trasslgrintegrated into programmes in a
recursive and reflexive way. Equally, special gfcare needed to communicate uncertainty and
risk. Essentially, uncertainty, lack of knowledgelgotential risk are drivers for more inclusive
and accountable governance agendas. Hence the cooation of uncertainty and risk - as ever,
tailored to the needs of specific target audierge®n essential step in attaining shared deasion
and policies.

6. Conclusion

In sum, there is an urgent need to adapt natiyséémis of innovation to meet the challenges and
opportunities of sustainable development.

In designing research programmes that are intetwledpport sustainable development there is a
special need to consider programme structure andeps alongside programme content since
these are important features of design that haga fmund to impinge strongly on the success of
programmes, especially in the extent to which tegble a research programme to practice the
principles of sustainable development and, throtinggy to build new capacities, competencies,

processes and structures that are intrinsic conmpsiod sustainable development.

Just as important for our national innovation systes that results from the AIRP-SD project
support the possibility of establishing a positifeedback loop through which successful
sustainability-oriented research programmes migherage the effectiveness and sustainability
impact potential of future efforts in support ofswinable development, including future
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sustainability-oriented programmes, by inducingnges in innovation contexts, in innovation
policy and in innovation capabilities and capasitie

The way to strengthen our national innovation systeso that these target and support
sustainable development is, therefore, to integthée principles of sustainable development
thoroughly throughout a set of pioneering RTD pesgmes. By practising sustainability

principles in innovation processes, we change tieegsses of innovation and, over time, the
structures that characterise and define our ndt®ysiems of innovation and their application

contexts, making these increasingly more open tb supportive of development that will be

more sustainable. As in many other areas, the cgip$ adage here is that "practice makes
perfect".
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Table 1: RTD programmes for Sustainable Development - from start to finish
(Adapted from Jansen et al 2003)

Many reference manuals and guidelines on RTD programme design and management exist already, describing principles and methods which are often
applicable also to sustainability-oriented RTD programmes. For this reason, we concentrate here on those special recommendations for RTD programme
management and design that are specific to — or especially important for — sustainability-oriented RTD. Clearly, since contexts vary markedly between
countries, flexibility is needed in setting up sustainability-oriented RTD programmes. In effect, there are few hard-and-fast rules that can be articulated for
the design and management of sustainability-oriented programmes, but rather a framework of broad principles which needs to be interpreted flexibly
according to the application context. This table focuses on issues that will need to be resolved in the course of programme set up and gives some practical

hints, especially about potential pitfalls in programme set up and ways of avoiding these.

Phase or Practices
element
Context influences:
o the possibility to set up sustainability-oriented RTD
_ o the design characteristics of the RTD activities
T 0
§ IS There needs to be a sense of urgency in science, policy and society for the
L= sustainability challenge to be taken up through RTD.
S c
Q9
O o
Given the urgency of many SD problems, there may be a wide range of potential
research initiators from among the set of affected parties and stakeholders. To be
effective, initiators should be in a position (or hold a role) that gives them access
to the major actors implicated in the problem and its potential solution. Initiators
s will be inspired and / or supported by different actors, including NGOs, industry,
= academics, civil service etc.
=
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Pitfalls

There is seldom consensus within science, politics and
society on the urgency of the SD challenge. Framing the
issue solely in terms of SD is unlikely to be helpful in gaining
broad support for tackling SD problems. More useful is to
transform the SD problem into a challenge that has a broad
base of potential support; i.e. one that appeals to many
parties to work on and that may even be perceived by “SD-
non-believers” as holding potential benefits.

Timing is critical. A good proposal at the wrong moment may
lose the opportunity for years to come. Therefore, the ground
needs to be prepared by the initiator and supporting parties
before launching the proposal to ensure a receptive context.
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The initiator(s) prepare a rough sketch of the programme, its basic principles and
its goals in relation to the problem it seeks to address. This is the first opportunity
to embed sustainability principles into the programme design and objectives. On
the basis of this rough sketch, individuals and organisations potentially important
for the problem solution need to be identified and invited to explore the outline
programme to see whether the challenge is recognised, whether there is
sufficient support for the programme, whether and how changes might be made
to the programme that would broaden the appeal, to allocate roles in the
programme, and to determine which networks are essential for the ultimate
success of the programme, i.e., which parties may in the end be interested to
implement the results, so that they might be involved from the beginning. During
this process of exploration the circle of involved parties may be widened on the
basis of suggestions and support from the parties already engaged. The
exploration results in a programme draft.

Usually sustainability-oriented RTD programmes are not stand alone programmes
but rather are part of a learning process towards a transformation of society. To
make the experiences and “lessons” of one programme or project available for
new programmes and projects (and for educational purposes more generally)
monitoring and reporting processes need to be established already from the very
beginning. This covers, also, the need for comprehensive descriptive materials
about programmes and projects, including relevant policy documents,
descriptions of management structures and principles, decision making
processes, involved parties, financing and organisational aspects, etc.

The programme draft should contain the objectives of the programme, its mission
and its provisionary principles. These should be in line with SD principles and
reflect aspects such as how risk, transparency, participation and communication
will be handled.
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Not spending enough time or care during the exploration
phase risks problems later, including loss of time in later
phases of a programme. This is a real and big risk, which has
beset many programmes. Exploration is not an open bottom-
up exercise. The initiator should have a clear vision on the
challenge and be able to explain and defend it, but the vision
should not be so detailed that it is closed to modification, to
filling in or to re-interpretation from the position of the
stakeholders party to its discussion. In a final plenary meeting
with the various parties involved in the exploration phase, the
parties will need to recognise themselves and their
contributions in the draft programme and its vision.

For many national programmes, monitoring is a condition for
approval; however, monitoring is often perceived as a burden,
which should be reduced to the bare minimum. Adopting such
an attitude risks losing many chances to learn even in the
programme itself. It is strongly recommended therefore to set
up a monitoring plan with elements to be monitored and with
a clear responsibility for its implementation and maintenance
right from the beginning.

Constituting a programme draft is not an administrative
operation. It is an essential element in the processes through
which both creativity and support are to be gained. The
operation should be iterative. In iterative processes, creativity
may be developed in small groups or by individuals, but the
results have to be checked and amended in larger supporting
groups of potential partners and stakeholders.
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From the initial exploration phase, the programme draft has to be transformed
into a full proposal that fulfils the requirements of research investors and others
who will play decisive roles in the execution of the programme. The programme
draft must also win their trust. The efforts to be delivered and the process of
research to be undertaken should be clearly described. The proposal should be
ready for start-up including the availability of main staff and the commitment of
relevant institutions and organisations.

The nature of sustainability-oriented research and RTD programmes justifies
additional requirements on the part of the engaged scientists and staff that go
beyond the “normal” requirements on employees merely fulfilling their routine
functions. In particular every researcher, research manager or member of a
steering body should have a sense of the meaning of sustainable development
and its implications for the conduct of the research (e.g. transdisciplinary attitudes
and skills, participatory research processes, etc.). A “champion” who leads by
example is needed. Members of steering bodies should preferably act on the
basis of their authority in the field rather than as representatives of interested
parties (i.e. genuinely be willing to provide independent judgement and advice). In
the spirit of working toward alternative futures, those who will live in those futures
and have a vested interest in them, should be engaged in the work. Young
scientists should be encouraged to be active in sustainability-oriented RTD
programmes.
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There is a tension between the inherent flexibility needed in
SD-oriented research and the unpredictability as regards
programme outcomes on the one hand and the need for
certainty of RTD investors about the work to be undertaken
and the products to be delivered on the other. A compromise
can be achieved by building GO/ NO-GO decision moments
into the funding arrangement with judgements about
programme continuation based upon the monitoring of interim
results, especially interim process-related outcomes.

It would not be the first time that for understandable reasons
(lobbies, time pressure, lack of availability), risks are taken in
the appointment of the personnel who will perform crucial
functions in the research. Time spent searching for
appropriate personnel will be well spent.
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Organizing support for and commitment to a programme among partners (actors
and stakeholders) is essential for the conduct and success of a programme and is
a central objective of its communication activities. Mutuality and interaction are in
turn characteristics of the communication strategy. Effective communication in
support of commitment- building depends on integrating basic SD principles into
the communications strategy (which will enhance almost all aspects of the
programme) and on developing an awareness of the needs, sensitivities and
interests of specific partners with whom communication and dialogue needs to
take place. Already in the very first phases of establishing a programme, an
inventory should be made of organisations and individuals likely to play a role in
the success of the programme and the take-up of its results. This inventory seeks
to establish the interests and positions of organizations and individuals (their
currency) in their playing field (their arena). An inventory may serve to help make
potential benefits of the programme explicit to potential partners or to add value to
the work of the programme and its outcomes from the perspectives of partners
and so help enlist their involvement and support. It may deliver a basis for
negotiations on funding or on the active participation of potential partners.
Continuous updating of this inventory is advantageous during the whole life of the
programme.

Communication is a continuous activity from the beginning to the end of a
programme with a fluent change over from internal communication to external
communication and vice versa. Provisions have to be made to disseminate the
knowledge gained in the programme adequately and to assure its effective use.
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Creating false or inaccurate expectations about results is to
be avoided since even if this helps win early support for and
commitment to a programme from partners, disillusionment in
later phases is counterproductive and can lead to a potentially
damaging loss of trust and credibility in the programme.

Co-funding by industry offers multiple potential benefits
beyond the research investment itself; it may strengthen
industry commitment, increase the chances that results will be
implemented in practice and provide opportunities to reach
out to other partners through industry networks. The other
side of the coin is the risk of focusing too strongly on the
interests of the co-funder and thereby of under-representing
the interests of other stakeholders. This puts adherence to SD
principles at risk.

Communication is frequently considered as a side issue to
which not too much time and money should be spent. In
sustainability-oriented programmes, the contrary is the case;
communication is an essential responsibility and one of the
most important. The whole palette of communication means,
from bilateral to public, internal and external, has to be used.
Communication principles have to be established from the
start, corresponding to SD principles on participation and
transparency. Within this frame, however, different forms and
attitudes are possible and are necessary in order for
communication efforts to be tailored to the needs of specific
stakeholders.
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Continuity, credibility and trust are requirements for any organization. In SD-
oriented research, which requires flexibility, confronts uncertainty, and must work
with stakeholders having a range of often-conflicting interests, credibility and
trust are even more important. A constitutional document establishing the
programme and describing the roles, tasks, rights and responsibilities of the
various parties may be the basis of commitments to it by various organisations,
institutions and individuals. The programme constitution is likely to include a
programme steering group to which the programme management is responsible
and a broadly- based expert consulting or sounding board whose members have
authority in their own personal capacity. A specific organisational problem has to
be solved when the programme is carried by a bureaucratic organisation, such as
a ministry or large scientific institute. A positive characteristic of such
organisations is that they create and maintain certainties (for public, politics,
clients), which tends to make them trustworthy. However, sustainability-oriented
research is intrinsically engaged in a search for systems-level and paradigmatic
change that takes us beyond the realm of past experience. By definition, it implies
uncertainty. To be involved in such research implies a risk of loss-of-trust for the
organisations concerned.

Especially when public money is at stake an optimum has to be found between
the need for independence of the research and the need to give account for
expenses. This means that the research efforts, the administration, the research
process (principles, domain of research), a rough time schedule, a beginning and
an end in time, all have to be established and assigned. In this balance, trust in
the programme leader and in the programme management capacities plays a key
role.

The best way to ascertain real interest in the programme and the commitment to
it of private parties is through their participation, be it in “cash” or “in kind” .
Substantial financial contributions should not be expected: within prevailing socio-
economic structures, private investment in long-term research with high risks and
great uncertainties (and with the objective to change production systems) is
unlikely. Strategic considerations relating to the future survival and role of a
company in new markets constitutes the most likely argument or driver for private
parties to participate in sustainability-oriented programmes.
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Insufficient distance (figuratively and literally) of the
programme to its commissioner may lead to continuous
tensions within the programme and attempts to interfere in it
by the commissioners (e.g. for economic or political reasons).
This intrinsic tension requires some distance to be created
between the programme and its commissioner.

To reduce the risk of non application of research results, the
participation of stakeholders (more specifically those with
potential to play a decisive implementation role) is essential.
However this holds the danger of biasing research toward the
production of potential private benefits. Societal aspects like
inter- and intra- generational equity tend to be under-
developed. The use of a "factor concept’, such as an
ambitious eco-efficiency target grounded in the wish to meet
the (basic) needs of whole future generations may be one of
the countervailing means.



Programme management
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SD principles should be applied not only in the research execution but also in the
research management. This is an extra requirement over and above the usual
norms of sound programme management. In view of the characteristics of SD
research (complexity, uncertainty, many stakeholders, high stakes, contested
facts, etc), programme management has to pay specific attention to striking
pragmatic balances within an overall systems approach (e.g., balancing tensions
over the means, capacities and timings of contributions by various parties,
bridging tensions between the development of creativity and of broad support,
shaping forms for participation and transparency, etc). A repeated, iterative
approach is needed throughout the research process from problem definition and
goal setting to implementation, through which outcomes at each stage might be
shaped in a creative setting and checked and amended in a supportive setting
with relevant stakeholders (social process). Synergies between projects within the
programme should be sought to strengthen opportunities for new perspectives on
solutions to emerge and to help inter- and trans-disciplinary working.
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Sticking to existing paradigms and/or focusing on disciplinary
contributions may block creativity in finding breakthroughs.
Nonetheless, there is need early on to establish clear
definitions, understandings and ground-rules for the research
process among participants in order to avoid problems in later
phases.
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