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Summary

In response to the challenge of unsustainability,
the MATISSE project was designed to propose
procedures, methods and tools for better inte-
grating sustainability into policy development
processes and institutions. It did so by devel-
oping, testing and refining a conceptual frame-
work for Integrated Sustainability Assessment
(ISA). ISA is a pro-active, strategic and poten-
tially transformative process, defined as:

‘a cyclical, participatory process of scoping,
envisioning, experimenting, and

learning through which a shared
interpretation of sustainability for a
specific context is developed and applied in
an integrated manner in order to explore
solutions to persistent problems of
unsustainable development.

The project proceeded by: exploring the poten-
tial role of ISA as a complement to existing policy
assessment processes in the EU; testing ISA in a
number of case studies of unsustainability;
extending and linking existing modelling tools
in support of ISA, and developing new ones.
The models and scenarios developed within the
project were used in a series of case studies
which:

« examined sustainability issues within the
agriculture, forestry and land use sector;

- explored options to decouple overall levels
of resource use from economic growth;

« scrutinised the role that ISA could play in
triggering transitions in the water domain
using the example of the Ebro River Basin;

. examined the role that environmental
technology could play in sustainability
transitions in Europe using the examples of
transportation and the Czech Republic.

This work was accompanied by extensive ca-
pacity building, outreach and stakeholder en-
gagement activities.

MATISSE's analysis of how policy assessments are
currently being used in the EU showed that they
are often limited in scope, focusing mainly on
the economic impacts of new policy proposals.
Furthermore, there are significant political and
institutional barriers which prevent assessments
from directly influencing new policies. Given the
systemic nature of unsustainable development,
sustainable development is likely to require
broad structural changes (transitions), which
depend on revising the institutional setting in
which assessments take place, as well as the
forms of assessment used.

The MATISSE project showed that while it is im-
portant to use conventional policy assessment
processes to ensure that sectoral objectives are
consistent with one another and with sustainable
development, it is also necessary to use ISA to
develop more comprehensive policy strategies
that embed sustainable development. ISA

(operating at the strategic level of policy making)
and the more formal processes of policy
assessment (covering the more routine levels)
are therefore complementary.

The MATISSE case studies provided a real-world
context for testing and further developing the
ISA methodology and tools. They have shown
that using ISA can change how persistent
problems are perceived and open up new
opportunities for finding and implementing
possible solutions. Given that the European
Union is increasingly embracing the goal of
sustainable development, MATISSE provides a
valuable contribution to the evolution of decision
making and institutional design in the Union.




Sustainable development is an overarching policy
objective in the European Union. As a response to
the pressing governance and management chall-
enges of sustainable development, the MATISSE
(‘Methods and Tools for Integrated Sustainability
Assessment’) project, funded by the European
Commission under the 6" Framework Programme,
proposed to achieve a step-wise advance in the
science and application of Integrated Sustain-
ability Assessment (ISA). ISA is an innovative way
of assessing sustainable development based on a
new mode of knowledge development. Certainly
ISA capacity-building is a long-term venture and
there is much still to do, but the MATISSE project
signals that work on a new generation of assess-
ments with a specific orientation on sustainability
and transition is underway.

MATISSE aimed to contribute to sustainability-
oriented governance by providing innovative
methods, tools and process-architecture for con-
ducting Integrated Sustainability Assessments
(ISA). The three-year project with 22 partners
from institutes in 11 European countries (see
page 48) started in April 2005. The project
addressed the use of sustainability assessment in
the European context, but the results are relevant
generally to questions concerning the role that
assessment might play in supporting sustain-
ability-oriented governance and in the analysis
of potential sustainability ‘transitions. The ap-
proach taken to learning within the project may
also hold wider implications for other projects in
4
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the emerging field of science in support of
sustainable development.

Fundamentally, MATISSE was a project with a
mandate to be innovative methodologically; it
sought to begin work on new approaches and
tools for ISA that are capable of exploring trans-
ition pathways. This is an ambitious endeavour
that will continue long after this project.

The main activities within MATISSE were:

« the development of a common conceptual
framework for ISA

« the delivery of a portfolio of tools for ISA

« the application and test of improved and new
ISA tools in four case studies

« capacity-building, communication and outreach
tasks, including stakeholder engagement.

About 75 researchers participated in the project,
coordinated by Professor Jan Rotmans and man-
aged by Marjan Minnesma (DRIFT, Netherlands).
The project team was supported throughout by
an advisory board chaired by Professor Timothy
O'Riordan, which provided high-level advice and
guidance and acted as an ambassador for the
project, enabling it to achieve appropriate out-
reach and to have impact in relevant quarters.

This brochure addresses policy makers and stake-
holders all over Europe, who might be interested
in implementing an ISA within their sphere of
influence. It gives an overview of ISA, its tools, and
how ISA is connected to related concepts. The EU-
level scenarios elaborated within MATISSE and the
case studies developed in order to test the ISA-
concept are introduced as well.



What is an ISA?

Sustainability assessment is fundamentally a ‘sus-
tainability defining and applying’ process'. The
concept of sustainable development is contested,
both scientifically and socially, so by definition it is
subjective and ambiguous. Nevertheless it makes
sense to operationalise it, but with the acceptance
that universal implementation is not possible.
Sustainability is context-bound and needs to be
interpreted and implemented by a range of stake-
holders within that specific context.

Currently, most practical applications of sustain-
ability assessment fulfil a pragmatic role in screen-
ing already tabled sectoral policy proposals that
have no sustainability orientation per se (see
pages 7-8). While the demand for screening will
continue, the MATISSE project has shown that
there is also a need for strategic level analyses,
where the objective is to help develop long-term,
cross-sectoral policies expressly designed to con-
tribute to sustainable development.

Integrated Sustainability Assessment (ISA)

ISA is intended as a pro-active, strategic and po-
tentially transformative process to give an explicit
sustainability orientation to policy making and
other undertakings that are expressly intended to
address persistent complex problems of unsus-
tainable development and take up opportunities
for achieving more sustainable development.

The objectives of an ISA are to develop a shared
interpretation among stakeholders of the different
perspectives on and dimensions of sustainability
for a particular social-ecological system (scoping),
transform these into a shared vision of a sustain-
able future (envisioning), and explore various
solution directions for a transition towards sustain-
ability through a range of innovative experiments
(experimenting), as a basis for learning about key
relationships and ways of reframing problems and
solutions (learning/evaluating). The formal defini-
tion of ISA reflects these means and ends:

Scoping stage

En-
visioning
stage

Learning
stage

Experimental
stage

ISA cycle

‘ISAis a cyclical, participatory process of scoping,
envisioning, experimenting, and learning
through which a shared interpretation of
sustainability for a specific context is developed
and applied in an integrated manner

in order to explore solutions to persistent
problems of unsustainable development.’

The essential design requirements for ISA stem
directly from its intended role as a transformative
process for exploring and supporting reframing
and reorientation. ISA represents a new mode of
knowledge production that offers a forum for:

« defining ‘socially- and ecologically-robust’ tar-
gets and thresholds;

« integrating these as elements of operational,
context-specific sustainability interpretations;
and

« exploring alternative pathways of transition.

ISA brings together an integrated systems ana-
lysis and a participatory process involving a
selection of relevant stakeholders and actors. The
integration of stakeholders selected to represent
different perspectives and interests is a basic re-
quirement of ISA in order to develop a rich and
robust interpretation of sustainability for a specific
context. ISA is based on the principles of address-
ing intergenerational equity, the integration of
the economic, ecological and socio-cultural do-
mains and the interaction of scales.
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In order to deal with the multidimensional com-
plexity of sustainable development, ISA is de-
signed as a cyclical, participatory process of four
stages:

Scoping stage

This stage of the ISA-process involves a thorough
definition of the persistent problem in question.
This requires an integrated systems analysis. A
stakeholder analysis is needed as well in order to
explore the current and potential actor and stake-
holder configurations. It is important to address
the unsustainability ‘problematique’ from mult-
iple perspectives. The extent to which a shared
problem perception among stakeholders is al-
ready available or can be generated should be
explored.

Envisioning stage

This stage involves the development of a vision
of a sustainable future for the system of interest.
This requires a transformation of the unsustain-
ability problem into a sustainability challenge.
The sustainability vision is not meant to be a
blueprint with a high predictive value, but rather
an evolutionary vision with evolving long-term
targets, and multiple pathways to reach them.The
process of envisioning is therefore at least as im-
portant as the vision itself. The potentially mobi-
lizing capacity that the envisioning process
contains for the stakeholders involved is of great
importance.

Experimenting stage

This stage uses ISA-tools and methods to test the
sustainability visions and policy proposals in
terms of consistency, adequacy, robustness and
feasibility. In particular, transition pathways (sce-
narios) from drivers to sustainability goals are
analysed. Trade-offs are explored, but no formal
cost-benefit or cost-effectiveness analyses are
attempted, because this is irrelevant on the long
time-scale of a transition period (25-50 years),
during which benefits especially cannot be
estimated adequately.

Learning, evaluating and monitoring stage

In this stage, learning experiences and lessons
during the ISA-process are made explicit. Learning
provides input for the next ISA-cycle through a

possible reframing of the shared problem per-
ception, an adjustment of the sustainability
vision and related pathways, and reformulation
of the experiments to be conducted. Monitoring
the different stages of the ISA-process is vitally
important generally, but especially for the re-
framing process, in terms of how the perception
of stakeholders involved might have changed and
to which extent the visions, pathways and
experiments are adjusted.

The iterative nature of an ISA allows for a continuous
learning process, in which participants adjust the
scope, visions, pathways and tools, if necessary,
each time that the process is repeated. For the
strategic purposes of ISA, these adjustments play
an important role. This means, however, that a full

ISA process takes a long time to complete.

1 Varey, W. (2004). Integrated Approaches to Sustainability
Assessment: An Alignment of Ends and Means.

Available at: www.emrgnc.com.au
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Integrated Sustainability Assessment (ISA) shares
some basic features of current forms of policy
assessment, including Sustainability Impact
Assessment, Regulatory Impact Assessment and
the EU regime of Impact Assessment, referred to
here as (S&R)IA. However, ISA and (S&R)IA are
intended to perform different functions. (S&R)IA
is, at least in principle, intended to apply and
enforce the prevailing policy regime. By contrast,
ISA is concerned with exploring alternative para-
digms/regimes and improving the prospects
for implementing promising elements of these.
While (S&R)IA focuses on the shorter-term and
very pragmatic concern of screening (mostly
sectoral) policies and proposals, ISA is broader,
strategic, explorative, forward-looking, longer-
term and sustainability-oriented. While (S&R)IA is
used (at best) instrumentally, ISA focuses on con-
ceptual learning, reframing and transformative
outcomes.

The premise of ISA requires a procedural and
analytical approach that ensures that the assess-
ment process takes its socio-political context
into account.ISAisa cyclical, iterative, continuous
process, whereas (S&R)IA is a sequential, linear
process often performed once only at the end of
policy development. ISA requires modulation
between scales and levels within a single sus-
tainability assessment process, while (S&R)IA is a
nested set of assessment processes, whose co-
herence depends on having a single overarching
policy paradigm as a common frame of reference

developed at the highest policy levels and cas-
caded to lower levels. Whereas (S&R)IA is focused
on predicting impacts, ISA is designed to under-
stand the processes and relationships giving rise
to development outcomes and to explore how
these might be manipulated. The key analytical
design differences between (S&R)IA and ISA are
summarized in the table on the right.

In spite of these differences, ISA and (S&R)IA are
positively correlated and should go hand-in-
hand. Although there are potential benefits
from screening sectoral policies
of whatever orientation, the po-

of how policy assessments (mainly IA and RIA)
are being used in four jurisdictions: the EU, the
UK, Germany and Sweden. The institutional capa-
cities underpinning assessment in these juris-
dictions were summarised. Often, policy assess-
ments are limited in scope, focussing mainly on
the economic aspects of policy rather than the
social and environmental aspects of sustain-
ability. Policy formulation activities are constrain-
ed, well before the start of the formal decision-
making process, for example by pre-existing
political initiatives and policies, by administrative

Comparison of (S&R)IA and ISA: analytical features

(S&R)IA

ISA

Regime applying

Transition oriented;
regime exploring

Limited; economic aspects and
compliance dominate;
focus on impacts

Broad, multi-domain;
focus on relationships

Goal(s) pre-set;
optimisation on a single goal
or a limited set of goals

Goal searching

Linear, one-time only,
end of process

Cyclical, iterative, paralleling
other processes

Mainly regime players;
takes account of
structural power

Niche and regime players;
takes account of
emerging power

Trade-offs inevitable
(economic concerns dominate)

Search for synergies;
trade-offs residual

Simple tools;
single-scale of analysis;
limited concern
for causal chains

Tools and models able to
represent cross-sectoral
relationships;
representation of structural
change processes;
multi-scale analysis;
agent-based analysis;
focus on causal chains

tential contribution to sustain- Dimension
able development that can be Paradigm
achieved through purely sec- Scope
toral policies is likely to be in-

trinsically limited. Deeper inte- el
gration of sustainability into
policy-making will depend,

L Process/
firstly, upon establishing stra- timing
tegic directions for policy- Stakeholders
making through ISA or ISA-like
processes and, only secondly, Trade-offs
on usmg an integrated reglme Evidencel
of routine SIA at operational tools
policy-making levels to facili-
tate implementation at differ-
ent points and levels in the
policy-making hierarchy. The
MATISSE project has carried Learning

out a context-specific analysis

Instrumental learning

Conceptual learning;
social learning
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procedures,internationaland EUlegal frameworks
and policy commitments. There are, hence,
political and institutional barriers to direct in-
fluence of assessment on policy outputs.

The question of institutional setting is therefore
extremely relevant to the distinction between
(S&R)IA and ISA. The prevailing governance in-
stitutions have developed over many decades as
part of the dominant development paradigm
and they reflect and support the concerns, think-
ing and approaches of that paradigm. Thus, pre-
vailing governance institutions are organisation-
ally and thematically divided according to se-
ctors, political boundaries and levels in a gover-
nance hierarchy. This fits naturally with the
current paradigm that has conceptualised devel-
opment as a predominantly economic process. It
has been argued that ‘sustainability as an emerg-
ent proposition comes into conflict with existing
governance structures” and that policy assess-
ment will be useful in furthering sustainable
development only when it is fully integrated into
the decision-making process**. However, pro-

gress on integrating sustainability into political
institutions is only just beginning. A first step
in this direction are efforts to achieve more
‘joined-up’ governance processes, by better
coordination among still-sectoral policy-making
domains to reduce conflicts between mandates.
(S)IA provides an instrument to support this
first step, whereas ISA could be instrumental
for the more strategic step, which involves chang-
ing the policy regime so that this is deliberately
targeted at sustainable development.

Given the nature of the persistent problems of
unsustainable development, the resolution of
these problems is likely to require broad structural
changes (transitions), which depend on revision
of the institutional setting in which they take
place. It is one thing to assure that policies de-
signed primarily to achieve sectoral objectives are
not inconsistent with one another or with sus-
tainabledevelopment ((S&R)IA), butitis something
else entirely to develop strategies and policies
designed from first principles actively to support a
transition toward sustainable development (ISA).

In order to support sustainable development,
future strategies and policies will most likely need
to be designed with sustainability as a specific
objective. These would have to be developed
through systemic analyses of persistent problem
causes with cross-sectoral approaches to pro-
blem solving. This is a role that ISA could play.
Furthermore, through a participatory approach
that engages stakeholders, experts and decision-
makers in a social learning process, ISA can de-
velop, simultaneously, strategies and action
plans for a sustainability transition.

1 Varey, W. (2004). Integrated Approaches to Sustainability
Assessment: An Alignment of Ends and Means.

Available at: www.emrgnc.com.au

2 Devuyst, D. (2000). Linking Impact Assessment and
Sustainable Development at the Local Level: The intro-
duction of sustainability assessment systems, Sustainable
Development, 8, 67-78.

3 Nobel, B. (2002). The Canadian Experience with SEA and
Sustainability, Environmental Impact Assessment Review, 22
(1),3-16.
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What is new about ISA?

Society faces a set of persistent problems that
have a systemic pathology rooted in the
prevailing development approach (see also
pages 15-38). These problems have proven
immune to the usual approaches to devel-
oping immediate, short-term solutions and
conventional policy-making processes have
difficulties in handling them. In order to find
possible solutions to these problems, new
approaches are required. Using a transition-
oriented process, aimed towards searching,
learning and experimenting, Integrated Sus-
tainability Assessment (ISA) responds to these
challenges.

The innovative approach of ISA is that it does
not start from immediate solutions but begins
with a search for solution directions by doing
a set of experiments under the guidance of a
long-term sustainability vision. By taking a
comprehensive systems perspective, policy
interlinkages are revealed and, thus, there is a
greater chance of identifying ‘win-win-stra-
tegies’ The ISA process can identify ‘niche’
development modes that are often overlook-
ed in the policy process and are often held
back inadvertently by policies that support
dominant development modes. If these niches
were to be supported or empowered, they
might be up-scaled and eventually replace
the unsustainable modes.

Societal development

Predevelopment

Stabilization

Acceleration

Take-off

time —m

The four phases of a transition'; see also‘Developing and Linking Tools for ISA” pp 39-42 and ‘The MATISSE Scenarios’ pp 11-14.

ISA helps to gain a better and systematic
understanding of the complexity of sustain-
ability issues and of barriers to moving to-
wards sustainability. This includes im-
proved insights into the drivers of unsustain-
ability. ISA is a normative, long-term process
including a number of cycles through the
four stages of scoping, envisioning, experi-
menting, and learning. It is concerned with
developing holistic strategies and thus is
complementary to more familiar policy
assessment processes. The approach is not
useful for every problem but is especially
useful for persistent problems.

Developing a new language, a new discourse
and new and broader frames in which to dis-
cussanissue are central to ISA. This requires
multidisciplinary and multiscale analysis and
participation of a wide range of stakeholders.
The stakeholders become engaged in a social
learning process, in which their views of the
issues can potentially be changed - thus buil-
ding a potential for transformative changes.
This is a complex matter and a time con-
suming task.

The essential design requirements for ISA
stem directly from its character and role in
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the policy development process, which is as
an exploration of and instrument for regime
change and transition. A suite of interlinked
models, methods and approaches is needed.
Transition models play an essential role in ISA
(see pages 39-42). They are explorative and
heuristic models rather than predictive mod-
els, where agents (i.e., actors represented)
play a crucial role. The conventional models
used in integrated assessment are good at
describing different development outcomes
but are not helpful in showing how to get to
these outcomes (i.e., process of transition).
Neither are conventional models suitable for

describing structural change. Transition scen-
arios are also an innovation that plays an
important role in ISA (see pages 11-14). In
contrast to conventional scenarios, transition
scenarios include non-linear changes, such as
bifurcations, radical shifts and surprises that
describe transformative change. Traditional
(predictive) models, transition models and
transition scenarios therefore can be linked
within an ISA process to provide additional
insights.

Learning from case studies

The real world context for testing and further
developing the ISA methodology and tools
was provided by the MATISSE case studies.

The case studies (see pages 15-38) have

shown that ISA:

+ Leads to a different problem perception and
formulation than usual;

+ Creates a scope of problem analysis differ-
ent from that of conventional analysis;

+ Leads to a wider range of possible solutions;

- Leads to an innovative set of transition
pathways;

+ Supports patterns of development that are
compatible with the long-term changes
occurring in the social-ecological system as
whole;

« Can contribute to changing the patterns of
development, as well as to increasing long-

term opportunities for development and
improvement of quality of life;

+ Provides a structured procedure to carry
out assessments and analysis that inte-
grates multiple domains, scales, problems,
languages, and institutional arrangements
in a coherent and intelligent manner;

« Plays a role in identifying and structuring
niche developments;

+ Can be useful in analysing the influence of
political stakeholders;

« Links different case studies with each other
as well as different model activities; and

+ Implements and analyses new scenarios by
using newly-developed or improved mod-
els as well as model analyses.

1 Rotmans, J.; Kemp, R.; van Asselt, M. et al., 2000: Transitions
and Transition Management. For a Low Emission Energy
Supply. A Study for the 4" National Environmental Policy Plan
(NMP4). Maastricht.

Available at: www.icis.unimaas.nl/projects/nmp4/
downs/00_35_ab.pdf
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aTwo-Track Approach. MATISSE Working Paper 4.
Available at: www.matisse-project.net



The MATISSE Scenarios

A Scenario Task Force worked throughout the
MATISSE project on the development of scen-
arios.Thefirst need was for a baseline scenario
to be used in the case studies and model
integration studies. We selected the baseline
scenario used by the European Environment
Agency in the European Environment Outlook
of 2005'.

The baseline scenario was not more than a
set of assumptions, so we decided to develop
an accompanying narrative. In doing so, how-
ever, we found that for crucial assumptions in
the baseline scenario, there were two direc-
tions in which the story could develop. This
led to the development of two scenarios that
took these bifurcation points and developed
the stories accordingly: ‘Motivated Europe’
and ‘Old and Dense Europe’. These storylines
have been quantified and used with a variety
of models. A ‘Transition Scenario for Europe’
was also developed, to illustrate how more
drastic diversions from current trends may
contribute to a more sustainable future.

The Baseline Scenario

The EEA baseline scenario includes existing
trends and the effects of policies in place
and/or in the process of being implemented
by the end of 2001. The EU-25 population
remains rather stable peaking in 2020 at
around 462 million and declining there-after
(458 million in 2030).

OLD AND DENSE EUROPE Key Dimensions

for Development

MOTIVATED EUROPE

No structural influences of government Institutions Structural influence of government with respect
to policies and subsidies
Lack of educational system while Education - Investments made in educationalsystem.
more skilled people are needed Migration air chances for migrants in the labour market
Pressure on health care sector Health care Shift to a more caring society
due to aging population
Increasing air pollution through Pollution Decreasing air pollution through increased use of
increased car ownership, public transportation,
growing amounts of construction waste, R&D for technological breakthroughs for cars,
energy demand, and commuting improved urban planning,
carsharingand car-free cities
City centres are for business, green Infrastructure City centres become the place for living,
areas are for living working and caring
Slow penetration of renewable energy, Technology Innovations in sustainable modes of transport including smaller
no major innovations in modes cars and new ngine technology
of transport
High trade barriers due to failing Trade Successful WTO negotiations lead to abandonment
WTO negotiations; of 20-25% of current agricultural land.
Intensification of land use leads to organic farming, low input farming, grazing etc supported
competition between nature and
agriculture
Absolute levels of resource use increase. Resources — Rate of increase of material usestagnates as a result of

Increased imports of metals Material flows
(problem shifting to areas

outside of Europe)

technological developments,
efficiency improvementsand more durable products

Rising life expectancy combined with de-
clining birth rates and changes in societal and
economic conditions lead to a significant
declinein average household size and growth
in the number of households. The EU benefits
from economic and monetary unification and
a continued increase in world trade. The
assumptions for economic growth reflect the
trend of structural change in developed
economies away from the primary and se-
condary sectors. The MATISSE baseline sce-
nario includes the European Emissions

Trading Scheme (ETS) and a stronger growth
in oil prices than the EEA baseline.

The Bifurcation Points and Two Variants of
the Baseline

As noted above, in developing a storyline for
the EEA baseline scenario, a number of bi-
furcation points were identified on a set of
key dimensions along which the storyline
could follow a different course (see table).
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['negative’ variant of
baseline scenariol: Europe becomes a region
of disparities and tensions. There are clear
distinctions between rich and poor, Western
and Eastern Europe and skilled and low-
skilled workers. Some see an increasing
growth in pollution due to an increase in per
capita car ownership and increased commut-
ing distances. Growing (although stabilizing)
populations and individual living continue to
intensify demands for water, food, resources,
transport and space. There is a growing dis-
parity between Europe and the rest of the
world’ in terms of resource use per capita, i.e.
land, raw materials, energy. Problems are
increasingly shifted to regions outside of
Europe, by importing resources and exporting
wastes. Migration rates exceed birth rates so
Europe has become increasingly multi-
cultural. Together with the inadequate edu-
cational system for low-skilled workers and
the absence of cultural integration, this leads
to poor skilled and disoriented [young]
migrants. There is an unmet need for labour,
while at the same time there is increased time
pressure on those that do have required skills.
One consequence of lower household sizes
and independent living is the growing stock
of buildings and infrastructure, which have
led to a further expansion of settlements and
road area at the expense of productive soil.
The trend of separating working from living
leads to city centres filled with larger business
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parks butalsotouncoordinated land planning
outside city centres.

[‘positive’ variant of base-
line scenariol: In this scenario seeds of change
can be identified regarding awareness of
sustainability challenges and a shift away
from a focus on economic growth within
Europe. The transformation of Europe to a
more service and knowledge-based economy
together with the withdrawal of elderly from
the labour market means there is a growing
demand for high-skilled young people. In-
vestments are made in the educational system
with a focus on training low-skilled young
immigrants as well as their parents. The overall
air pollution significantly decreases, in spite of

Box A
Economic Impacts of the Motivated Europf Scenario

the ever intensifying passenger, freight and
air transport. Initially this is achieved through
policies that stimulate people to use public
transport when commuting. This is supported
by subsidies for R&D towards technological
breakthroughs for car engines. Also, cities are
made more attractive for living and working
and policies concerning car-sharing and car-
free cities are introduced. Thus, within Europe
a culture arises where living, working and
caring are integrated, balanced and organised
around the city centres. As the barriers for
trade from WTO negotiations and related CAP
reform become less strict, 20 percent to 25
percent of current agricultural land is freed up
for less intensive uses. Organic farming, low-
input farming, grazing and free roaming of
animals increase.

Assuming that in the Motivated ‘

Europe scenario, about 12 million 2 ‘
people move into urbanised zones

and external costs are internalised N

for all modes of transport, the ASTRA 2

model shows only a very small change

SEay

of GDP over the time period 2000- “
2030 compared with the baseline

scenario, higher levels of investment

and reduced levels of employment -8
and exports. Not surprisingly, fuel tax
revenues decline sharply in the Motiv-

ated Europe scenario.

—+GDP

== Investment

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

= Employment
Export

Consumption
Fuel tax revenue

= Linear / Investment

Overwiev of economic impacts of the Motivated Scenario in EU-27 [% to Baseline]



Box B
Impacts on Agricultural Land Use

On the basis of results from the EURURALIS sce-
narios’ it is possible to draw conclusions about agri-
cultural land use in the MATISSE scenario variants.
We assume that in Old and Dense Europe market/
farm income support remain at current levels and
there is no biofuels policy. In contrast, for Motiv-
ated Europe we assume that there is a fully liberal-
ised market and trade, farm income is cut to 50% of
current levels and the current biofuel directive is
implemented.

Agricultural land area in the EU-15 (2000-2030)

2000

500
i —

000

500

T T 1
2000 2010 2020 2030

— 0Old + Dense

In the Old and Dense scenario there is a small
decline of agricultural land area in the EU-15 and
then a return to the levels of the year 2000. In con-
trast, in the Motivated Europe scenario there is a
continuous decline of agricultural land area, which
is 15% below the area in Old and Dense Europe by
2030. The differences between the two scenarios
for the EU-10 are much smaller, because they are
less sensitive to changes in the Common Agri-
cultural Policy (CAP).

Various models were used to test the scen-
ario assumptions and to illustrate scenario
outcomes, in particular the ASTRA model, the
IMAGE model and the E3ME model.

Box A gives an example of the results of the
Motivated Europe scenario using the ASTRA
model.

Box B shows results relevant to agricultural
land use in the Motivated Europe and Old
and Dense Europe scenarios using the IMAGE
model.

The scenario narratives and quantifications
developed in most scenario exercises as-
sume that changes are linear and smooth.
The MATISSE project, in contrast, also con-
sidered transitions or ‘radical systemic innov-
ations’ The project was interested in how
novel and radical solutions emerge (as socio-
technical ‘niches’) and become sufficiently
powerful to challenge and, ultimately, over-
throw a dominant solution (the pre-vailing
‘regime’ of production and consumption
including the associated practices and set of
actors) resulting in a transition.

For this purpose, it is necessary to develop
“transition scenarios’, in which’niches’ emerge
and challenge the dominantregime. Develop-

ments are not assumed to be linear but to
take place in a distinct sequence of phases - a
predevelopment, a take-off, an acceleration
and a stabilisation phase (see graph page 9).

In the MATISSE Transition Scenario, by 2030
thedominantpractices,rulesandassumptions
of the European Union have changed dra-
matically from those that were in place in
2007. The prices for energy, resources and
land more properly reflect the value of eco-
system goods and services. Society measures
its progress not in terms of economic wealth
but in terms of wellbeing of people and the
environment in Europe and worldwide. Paid
work is distributed, so that all people who
want a job have a job, while work that was
previously unpaid (caring for the young, the
old and the sick, voluntary work to support
environment and society) is paid through a
guaranteed basic income for all citizens. Pre-
viously low-wage work has to be paid better
and has gained prestige.

This results in a more equal distribution of
work and income between the genders.

In the before 2007,
some European countries had begun to ex-
periment with ecological tax reform, but
there were barriers to a European-wide intro-
duction. At the same time, however, there
was increasing public awareness of the
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dangers of climate change and a ‘sustain-
ability wave’ began to sweep across Europe.
In the between 2008 and
2012, a coordinated network of actors de-
veloped around three concepts: a European
ecological tax reform, new measures of pro-
gress based on wellbeing and a different
‘work-life-balance’. These concepts became
increasingly used in individual countries and
developed at the European level. In

2013-2022, the concepts
diffused rapidly and major technological and
societal changes resulted. By 2030, Europe
is in , the speed of
technological and societal change has de-
creased and a new dynamic equilibrium is
being reached.

Box C shows some results from the E3ME
model illustrating this scenario.
1 http://reports.eea.europa.eu/eea_report_2005_4/en/

outlook_web.pdf
2 http://www.eururalis.eu/general6.htm

Box C

Modelling the effects of ecological tax reform, increased R&D and improved material efficiency

Using the E3ME model a series of sequential scenarios have been developed, each of which examined
the effect of a particular driver of change. These scenarios involve

the widespread introduction of a revenue-neutral carbon levy on energy throughout
the EU-25 (cost borne by all fuel users; set at 200 Euro per tonne carbon in addition to
baseline assumptions of existing ETS);

levels of business R&D are raised towards national targets (stimulated by the increased
cost of energy);

Manufacturing and construction use 20% less manufactured inputs by 2015 and more
modest reductions after 2015 (as a result of increased cost of energy, attention is paid to
the effective use of all input costs).

Some results for the EU-25: Impact of the carbon levy

Impact on GDP is small (0.3% in 2020 and 0.7% in 2030), though there is a larger impact
in value-added (0.7% and 1%).

Revenue recycling has a significant influence on the overall impact.

Impact is greater in EU-10 than EU-15 (2% vs 0.6%). The GDP impact is negative in
some countries, but the scale is small.

Impact on employment is positive, but small (0.5% higher, Tm in 2020), with greater
relative impact in EU-10 than EU-15. Employment is higher in all broad sectors, with
short-term (to 2015) increases greater in manufacturing, and longer term in financial
and business sector.

Energy demand is reduced (10% lower in 2020 and 15% lower in 2030). Impact is stron-
ger in EU-10 than EU-15. Demand from all sectors falls: strongest reductions in energy
industry’s own use, iron & steel, non-ferrous metals, air transport. Power generation mix
increases towards renewables. Greenhouse gas emissions 10% lower in 2020.

Total Material Requirement is lower (1-1.5%). Changes dominated by energy pro-
ducts: increase in agriculture/fall in coal (direct extraction and imports) an imports
of manufactured fuels. Varied, but small, impact on other commodities reflecting
changes in sector growth profiles.
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Agriculture, Forestry and Land Use (AFLU)

The interactions of Agriculture, Forestry and
Land Use activities with climate change, the
natural environment, and economic/social
conditions are very complex. Their analysis
requires input from a wide range of discip-
lines and of a wide variety of analytical tools.
The overall objective of the AFLU case study
was to develop and apply a methodology for
carrying out integrated policy assessment in
the AFLU sector. While keeping AFLU as the
focal point both in terms of policies and
objectives, this work also addressed wider
concerns in the fields of the economy, the
environment, ecosystems and sustainable
energy provision.

What was done?

The objectives of this case study were to
develop and apply a methodology for carrying
out an ISA in the AFLU sector, to examine the
sustainability issues affecting the AFLU sector,
and to identify quantifiable objectives and
policies for promoting them. The study also
explored possibilities for improving the
chances of attaining a number of sustainable
development objectives simultaneously.

The stages of the ISA cycle were:
1) Scoping Stage

The scoping stage involved the development
of the conceptual framework for performing

integrated policy exploration in the AFLU field,
where a thorough analysis of the Agriculture
and Forest system in Europe was made, the
historical evolution of sustainability in Agri-
culture and Forestry was presented, and the
different dimensions of the unsustainability
‘problematique’ from the different perspec-
tives of involved actors - both institutional
and individual - were explained. At the end of
this stage a conceptual model of each of the
two systems (agriculture and forestry) was
formulated. This model integrated the follow-
ing aspects: the actors involved, objectives,
functions and the overall governance.

A stakeholder meeting was organised with
the aim of broadening the range of sustain-
ability concerns addressed in the case study
and ensuring that the work is relevant to
stakeholders. It also aimed to prepare the
ground for the active involvement of stake-
holders in the policy exploration exercises at
the end of the project.

Several stakeholders agreed that alongside
traditional concerns (such as food security,
food safety, environmental protection and
health), agriculture has to respond to evolv-
ing concerns, such as the quality of the en-
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vironment, sustaining rural communities and
territories, poverty alleviation in developing
countries and trade liberalisation issues. Stake-
holders voiced strong concerns on unsustain-
ability aspects of the AFLU sector: e.g. human
health, environmental and socio-economic
issues.

2) Envisioning Stage

This task involved the identification of meas-
urable sustainable development indicators in
relevant domains (agriculture, forestry, land
use, economy, environment, climate change,
social cohesion, ecosystems) and the definition
of appropriate policy instruments for influen-
cing the selected sustainable development
indicators. It aimed to provide a set of key sus-
tainable development indicators for the AFLU
case study.

The indicators cover

« general agro-economic indicators (e.g. agri-
cultural output, sectoral employment or
income),

« agricultural land uses (e.g. changes in the
share of crop range type, amount of fallow),

« environmental indicators (e.g. excess nitro-
gen use, or sales of pesticides),

+ energy use (net energy use by each agri-
cultural sector, energy use deriving from
fertilizer use), and

« R&D issues (expenditures on agri-environ-
mental management research).

With input from stakeholders, visions of the
future AFLU sector were developed. These
clearly showed that agriculture is moving from
a single functional activity, namely food
production, to a multifunctional activity
(produce healthy food, maintain landscapes,
enhance biodiversity, secure a clean environ-
ment, provide employment, produce energy,
sequestrate carbon, maintain rural areas).
Some of these functions are marketable in the
sense that they can be remunerated through
existing or future markets (e.g. carbon trading).

Stakeholders also supported the identification
of possible policy instruments for influencing
sustainability in the AFLU sector. Potential po-
licy instruments were evaluated on the basis
of data availability, modelling potential, cost
estimation potential and impact on a wider
range of diverse sustainability indicators (poss-
ible synergies, conflicts or trade-offs). The list
included financial/economic instruments (e.g.
direct subsidies to planting, silviculture opera-
tions, harvesting, energy production), legal/
regulatory frameworks (maximum discharge
of polluting chemicals), the implementation
of climate policies (carbon taxes), and expen-
ditures on agri-environmental research.

3) Experimenting Stage

Having thus identified measurable targets and
instruments, the complete path from instru-
ment application to impact on the sustain-
ability indicators was modelled. For this pur-
pose large-scale models were used in order to
maintain consistency with other sustainability
impacts via the detailed treatment of a large
number of key factors incorporated in these
models.

Modelling work consisted of substantial ex-
tensions and re-fashioning of existing models
and the construction of new ones in order to
create the capability for carrying out the de-
tailed policy impact analysis necessary. A
considerable amount of the modelling effort
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was concentrated on partial equilibrium models
in the AFLU sector covering Europe and the
world. A specific task consisted of devising
direct and indirect ways of measuring costs of
implementation of sustainable development
policies. For this purpose new and extended
large-scale general and partial equilibrium
models were used.

The Integrated Policy Assessment (IPA) me-
thodology applied in the AFLU case study
placed considerable stress on uncertainties
associated with different policy impacts and
their interconnections. In order to quantify
the risks attached to the efficacy of the appli-
cation of instruments, purpose-built stoch-
astic models capable of producing joint
distributions of such impacts were used. The

IPA was carried out using a decision support
tool capable of exploring policy priorities in
order to minimise risks, hedge against un-
certainty, and maximise the economic, social,
environmental, energy, and infrastructural
benefits of their implementation. The tool
integrated the results of the large-scale partial
and general equilibrium models and incor-
porated the risk information derived from the
stochastic models.

Results

Several versions of the Integrated Policy
Assessment Tool have been constructed using
the methodology outlined above covering
different scales of sustainability policy explor-
ation (‘macro’ and ‘meso’ levels). The most

interesting outcomes concerned exploration
of policy instruments in the broad area of
reform of the Common Agricultural Policy
(CAP) of the EU and a variety of measures
supporting the use of biomass/bio-fuels as
a means of promoting climate change miti-
gation. These exercises have revealed many
areas of conflict and synergy and have pro-
vided indications about the conditions under
which robustness of conclusions and stability
of policy recommendations can be achieved.

The CAP has been a cornerstone of European
integration from the beginning and has ab-
sorbed historically very large shares of the
‘common’ budget. Its main aim has been to
ensure a viable European agricultural sector in
view of food security, social cohesion and land
management and maintenance. Starting in
the 1990s it has been undergoing profound
reform with the aim of increasing its effect-
iveness (the achievement of its aims at lower
cost). The most notable transformation so far
has involved a shift from market support
(guaranteed prices) towards direct payments
to farmers (on a land utilisation basis). In re-
cent years there was a gradual emergence of
‘Rural Development’ as an alternative form of
support. The process of CAP reform is still on-
going: it is highly dependent on the pressures
of existing lobbies and power structures
(strong stakes of beneficiaries). But it is also
subject to considerable pressures from agents
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promoting agri-environmental policies, the
World Trade Organisation, taxpayers, con-
sumers, and the need for operational simpli-
fication in order to ease the administrative
burden. At this stage, however, CAP reform is
still in a state of flux with many alternative
courses yet to be determined. In recent years
the promotion of bio-energy sourcing acquir-
ed considerable momentum as a means for
increasing renewable energy shares to support
energy security and climate mitigation. In
promoting bio-energy it is often assumed im-
plicitly that some of the aims concerning a
viable agricultural sector will also be served.
The extent of commitment to this option is
still under considerable debate, due to the
effects it may have on the AFLU sector, bio-
diversity and eco-systems, as well as the high
costs of implementation (especially with re-
gard to bio-fuels).

The main findings from the analysis carried
out in the case study concern the potential
conflicts and synergies between these two ca-
tegories of policies as well as the high risks
and opportunities involved in terms of their
impact on the global agricultural system.
Alternative policies differentially affect EU
farm welfare, vulnerable farmers in develop-
ing countries, food prices to consumers and
global nutrition prospects. The key appears to
be the evolution of yields in food production:
in the past few decades they have improved
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sufficientlytoensureaconstantifunspectacular
improvement in levels of food supply. This
pace may be slowing down and its future
course is more uncertain than is often
assumed. The promotion of better practices
together with R&D could go some way in
alleviating possible bottlenecks.

The policy exploration has been carried out
using the IPA tool which is designed to take
uncertainty and its structure explicitly into
account. In this tool minimising the risk of
unsustainability is the policy objective. Under
certain conditions, broadly corresponding to
what in probability theory is considered to be
‘normality;, the IPA has produced results
involving balanced mixes of policy char-
acteristic of hedging stances. Policy mixes
change as ambition of achieving sustainability
is increased but at the same time the risk of
failure also increases. Two versions of policy
mixes have been considered: one involving
small shifts in policy (nudging towards sus-
tainability) and another involving much larger
scale policy doses. The latter necessitated an
explicitincorporation of nonlinearities (a more
complex model) but in general did not affect
greatly the results (often even enhancing their
robustness). Thus, the main characteristic of
results from these policy exploration exercises
is their great stability over large stretches of
sustainability ambition followed by radical
shifts at particular thresholds. This means that

the pay-offs between different sustainability
objectives are not smooth. They constitute a
set of distinct policy clusters with distinct
characteristics. This in itself does not pose
particular problems for stakeholder inter-
action: it may even be advantageous in that
it enables a focus on a limited set of distinct
policy stances.
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Increasing Resource Use Efficiency without Problem Shifting

Issues of resource use, resource scarcity and
resource efficiency are currently gaining re-
newed economic and political momentum both
at the national and the international level.
Human-caused material and energy flows are
one of the key causes of both social and en-
vironmental problems today, and can serve as
an indirect indicator of pressure exerted on the
environment by humans."*** For a more sus-
tainable use of natural resources in Europe, it
is vital to understand current as well as past
patterns of resource use within as well as
across countries. This is especially true with re-
gard to the European enlargement, as levels of
material and resource use of the new member
states might undergo changes following their
accession. The notion of industrial or socio-
industrial metabolism has been introduced as
a concept to describe the use and transfor-
mation of resources and the flows of materials
induced by economic activities. A rapidly ex-
panding field of research has emerged that
serves to measure and analyze the socio-in-
dustrial metabolism of national economies
using Material Flow Analyses (MFA) and related
indicators.’” Material flows cross the functional
boundary between the environment and the
economy and can be regarded as indirect press-
ure indicators for environmental degradation.

For example, the extraction of primary
material, which is at the start of the production-
consumption chain, is associated with environ-
mental pressures such as landscape disruption
and subsequent impacts on the water cycle and
biodiversity. In addition, since matter can
neither be created nor destroyed, the higher
the amount of material input into the economy,
the higher will be the ultimate output in the
form of emissions and waste as both materials
and energy.

What was done?

This case study explored potential options to
decouple overall levels of resource use from
economic growth by analysing economy-wide
material flows and driving forces and by using
models to examine technological and institut-
ional potentials for minimizing resource use and
waste generation for selected products. The
work aimed to derive insights into the driving
forces of resource use for specific countries, as
well as addressed the question of what sort of
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development one might expect with regard to
the further technological and socio-economic
convergence of the Czech Republic (chosen for
study as one of the new member states of the
EU) and the EU-15.

This was done using ISA methods and tools that
also support the detection and assessment of
environmental problem shifting (for instance
moving production outside the EU) associated
with increased materials and resource product-
ivity. The case study developed a multi-level
analytical framework for the analysis and
assessment of the socio-industrial metabolism,
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which incorporated the elements of the ISA-
cycle.

The analysis and the assessment of the eco-
nomy-wide material flows were done on three
levels: the macro-, the meso- and the micro-
level. The purpose of this analysis was to pro-
vide a complete description of the situation of
the material and resource use as well as the pro-
ductivity. The macro-level refers to the eco-
nomy-wide or regional scale, the meso-level
applies to the sectoral scale, while the micro-
level relates to the product and/or producer
level. On the macro-level, the focus was on:
« Germany, as a representative of an old mem-
ber state of the EU;
+ the Czech Republic (CZ), as a representative
of a new member state; and
« the EU-25, while distinguishing between
EU-15, as a benchmark representing th estab-
lished Western European part of the EU, and
the new member states.

The analysis across these three levels (macro,

meso, micro) was undertaken in order to

a) capture the drivers for resource use atand
across the different levels and

b) explore technological and institutional
potentials for minimizing resource use at
these levels and how these measures feed
into and interact with the next higher
levels.

In order to capture the essentials of the system,
different sub-case studies were developed at
each level, focusing on relevant resource and
product groups. The scope of the study was
discussed with expert groups and stakeholders.
The main methodology used on the macro-level
was a comparative analysis of the aggregated
indicators Direct Material Input (DMI) and Total
Material Requirement (TMR) and their compo-
nents over time. The DMI measures the direct
input of materials for use into the economy, i.e.
all materials that are of economic value and are
used in production and consumption activities.
DMI equals domestic extraction used plus
imports. The TMR measures the total ‘material
base’ of an economy in terms of primary ma-
terials. TMR equals domestic extraction used
plus unused domestic extraction plus imports
plus indirect flows associated with imports.

At the macro-level the modelling focused on
material and resource use of the EU-25 with a
special focus on the Czech Republic. The driving
forces of material and resource use of the Czech
Republic were analysed by looking at the past
and current trends of resource use in the Czech
Republic as compared to Germany and the
EU-15. This analysis served as a basis for devel-
oping alternative scenarios in conjunction with
the case study on environmental technological
change (see pages 35-38).



Altogether, the analysis revealed that the ma-
terial and resource basis of the Czech Republic
underwent significant changes in the 1990s
(see graph on the right). Most of the dynamics
tend towards a higher similarity in terms of
material use, resource requirements and related
productivity to the old member states of the EU,
probably due to a convergence of production
technologies and use patterns in industry and
households. At the same time, the volume and
structure of the material and resource input of
the Czech Republic resembles the German
pattern to a higher degree than the EU-15
average, despite the fact that the German GDP
is much higher. This implies that the physical
structure of both economies is rather similar; for
instance, with regard to overall material and
resource use per capita, but also with respect to
the direct use of biomass, the disproportionate
use of brown coal, a comparable level of con-
struction mineral use, and a high dependence
on metal resources for manufacturing. The de-
gree to which future development of the Czech
economy will continue towards lower material
and resource use and further increase of
resource efficiency will critically depend on
whether the major trends will follow the histor-
ical German path or orientate more towards the
average EU-15 performance.

At the meso-level the focus was on the PGM
(platinum group metals) system, with a link to
the work done within the hydrogen case study

(see pages 31-34). In

the scoping stage 6
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driving the use of

PGM in Europe, as
well as the environ-
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mental pressures ass-
ociated with the pro-
duction and use of
PGM. Among the diff-
erent industries the automotive industry was
identified as the single largest user of primary
PGM as well as the source of the largest losses of
PGM in the system (due to exports of cars). In
addition the issue of problem shifting was high-
lighted, as the introduction of automobile cata-
lytic converters led to a reduction of diffuse air
pollution in Europe on the one hand, but at the
same time the increased demand for primary
PGM is linked to increased environmental pre-
ssures (e.g. mining wastes and atmospheric
emissions) at the production sites in Russia and
South Africa in particular. The experimenting
phase thus focused on the automotive industry
in particular, modelling the future development
of the European passenger car fleet as well as
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Material intensity (DMI per 1000 US $) Czech Republic, Germany, EU 15, 1991-2000

conducting an ex-ante assessment of intro-
ducing fuel cell vehicles based on PGMs. In
addition technological and institutional potent-
ialswereexploredtominimisetheenvironmental
pressures associated with the production and
use of PGM. In the case of passenger cars, in-
creasing the recycling rate of catalytic con-
verters was found to be an effective measure to
minimie losses and reduce the dependency on
primary PGM. At the same time, the demand for
cars also has a decisive influence, as potentials
forrecyclingarelimited in the case of a physically
growing stock of products when demand ex-
ceeds the generation of waste. For the ex-ante
assessment of fuel cell vehicles, it was shown
that the widespread introduction of fuel cell
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vehicles requires important technological
improvements to re-duce the PGM content of
the fuel cell stack and in order to reduce
pressures on reserves and the environment (see
figure below). In addition, independently from
technological progress, the basic design of
future fuel cell vehicles willhave alargeinfluence
on the total PGM requirements. As the power of
the vehicle seemed to be a key driverinfluencing
the PGM content of the fuel cell, developments
towards lighter vehicles could present a viable
option to reduce environmental pressures.

The dematerialisation of the car was thus a
further case study that was taken up at the
micro-level. Here the trade-off between diff-
erent substitution strategies was shown (e.g.
aluminium vs. steel) and different potentials for
minimizing resource use associated with the

production of cars were explored. Among these,
radical changes in product design (e.g., towards
lightweight cars) were shown to have the
greatest potential for minimizing overall re-
source use.

Increasing resource productivity and life-cycle-
wide dematerialisation of products and services
is a key strategy to sustain the environmental
basis of economy and society. The example of
cars shows that synergies between materials
reduction and climate protection can be com-
bined - a happy outcome, which is probably also
beneficial for innovation and competitiveness.

ISA by definition allows for a more integrative,
multidisciplinary and system-wide approach
and therefore elements and links can be cap-
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tured that traditional mono-disciplinary assess-
ments fail to incorporate. Such a system-wide
and multi-level perspective is especially im-
portant for detecting problem shifting and for
ex-ante assessment, for example when new
technologies are being pushed (e.g., fuel cells,
biofuels) and the consequences of such a
development cannot yet be observed from past
developments. The experience from the work
conducted has shown that it is not only possible
but necessary to repeat this type of case study
for other product groups/materials in order to
get a better understanding of the complexities
of the socio-industrial metabolism. ISAs of this
type would also bring invaluable insights for
other emerging technologies.

1 Schmidt-Bleek, F., 1993. Wieviel Umwelt braucht der Mensch?
MIPS - Das Maf fiir ékologisches Wirtschaften. Birkhauser
Verlag, Berlin, Boston, Basel.

2 Ayres, R.U., Simonis, U.E. (eds.), 1994. Industrial Metabolism:
Restructuring for sustainable development. UNU Press, Tokio.

3 Weizsacker, E.U. and Lovins, A., (1997). Factor Four: doub-
ling wealth - halving resource use. Earthscan, London.

4 Bringezu, S., (2002). Towards Sustainable Resource Mana-
gement in the European Union, Wuppertal Papers 121,
Wuppertal.

5 Bringezu, S., Schiitz, H. and Moll, S., (2003). Rationale for
and Interpretation of Economy-Wide Material Flow Analysis
and Derived Indicators. Journal of Industrial Ecology 7 (2): 4-67.

van de Sand, ., Markosova, K., Kovanda, J., Schiitz, H. and
Bringezu, S. (2007): Comparison of material use and resource
intensity of the Czech Republic, Germany, EU-15. Analysis of
the input structure and major trends of the physical economy
between 1991 and 2000. MATISSE Working Paper 13.
Available at: www.matisse-project. net
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Dematerialisation, Resource Use and Economic Growth

With a focus on dematerialisation in Europe, this
case study concentrated on resource use at
global, European, and national scales and looked
into driving forces, dynamics of change and
policy options for dematerialisation. One goal
was to provide tools for forecasting material
resource use and identifying feasible policy
options.

Global level

On a global scale this MATISSE case study per-
formed a metabolic study of the evolution and
the current patterns of global production and
consumption of four materials: copper, alu-
minium, cadmium and zinc. The criteria for the
selection of metals were environmental, strategic
and economic relevance in the past, available
information and expected increase of use in the
future.

The scoping stage focused on identifying the
key sustainability issues of the social meta-
bolism of metals. From a world history per-
spective, the evolution of per capita metals use
has been tremendous. For example, copper,
which is one of the oldest metals in use, an
increase in per capita consumption from pre-
historic times to the time of the ancient agrarian
civilisations by a factor of 10 and again by a
factor of 50 from then to the present day can be
observed. Considering that high levels of metal
production are a typical characteristic of an

industrialised economy and that the majority of
the world’s population is only at the beginning
of a transition from an agrarian to an in-
dustrialised society, we can expect a further
substantial increase in the demand for metals.

For the industrial metabolism, the flows of ma-
terial between economy and biosphere, metals
are prime strategic raw materials. Their manifold
and valued material qualities make them essen-
tial and partly non-substitutable components of
numerous industrial products and inputs to
manufacturing. There are two main sustainability

concerns related to metals use that dominate
the literature: the environmental impacts asso-
ciated with the industrial metabolism of metals
and the potential of resource scarcity or even
depletion" 3, Although less often addressed, a
third aspect concerns the social impacts of
metals use, especiallyminingactivities,including
violent conflicts over access to land and re-
sources. Adverse social effects of the metals
industry are serious as well, though less often
analysed. They are most severe in densely po-
pulated developing countries.

What was done?

One focus of the case study was to build up a

database to consolidate existing data covering:

« historical time series on production and
consumption of the selected materials, for
roughly 100 countries in the world that
represent some 90 percent of the world’s
population and GDP; and

« traded commodities.

To get some insights into trade flows, we
focussed on the European Union and establish-
ed a dataset on imports and exports of metals
and derived products differentiated according to
trading partner. The traded products include
basic commodities, semi-manufactured and
high-manufactured goods of the particular
metals and thus cover different stages in metal
processing. Finished goods were not considered
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in the analysis because of the unknown mix of
different materials, which would distort the
material balance approach. Data for European
trade flows were taken from the Eurostat trade
database ‘Comext’.

Findings

Total metals consumption in the EU increased
constantly from 1970 to 2004 by 130 percent for
aluminium, 50 percent for copper, and 60 per-
cent for zinc. Figures for per capita consumption
reveal the same trends: aluminium consumption
doubled from 10 kg/capita to 20 kg/capita,
copper increased from 7 to 9 kg/capita, and zinc
rose from 4 to 6 kg/capita. Only cadmium con-
sumption decreased. The decrease over the
period was from 24 to 14 kg/capita.

To give a more detailed example, Bauxite
production and Aluminium consumption patt-
erns with a focus on EU-15 are discussed here.

As on the global level, aluminium consumption
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grows at the same rate as economic value-
added is produced. No decoupling is visible for
this metal at all, in contrast to what one would
expect for an industrialised region. Unlike con-
sumption figures, bauxite extraction follows a
decreasing trend from 5 million tonnes in 1970
to 3 million tonnes in 2004. The only EU-15 count-
ry, where bauxite is still extracted is Greece.
Bauxite mining in France, Italy, and Spain ended
during the 1980s. The next steps of processing,
i.e. alumina production as well as production
of aluminium, is nevertheless growing from
the 1970s to the 1990s, after which production
levelled off. Despite growing aluminium pro-
duction, total consumption already exceeded
domestic production in the 1970s. The result-
ing demand for bauxite and also for processed
alumina and aluminium is met by increased im-
ports from other world regions. Aluminium
imports to the EU-15 come mostly from Africa
and to some extent Australia and New Zea-
land.

The following conclusions can be drawn from

analysing the data:

1. Absolute material use:Thereis nodecrease
in use of aluminium or copper, either on
the global scale or in the EU.

2. Recycling: The recycling shares are grow-
ing and thus relieving uses of natural
stocks. However, recycling rates are grow-
ing slower than overall consumption.

3. Sourcing: There is a clear trend towards
decreasing raw material extraction and
concurrent increasing imports of higher
manufactured products in the EU.

4, Total waste generation: Few major tech-
nological innovations were developed
over the period covered by our analysis to
provide for a reduction of related waste
flows. Continuing depletion of natural
stocks is resulting in the mining of ores of
increasingly lower grade with higher
amounts of waste flows.



Main findings from the statistical analysis are
given here for the example of copper. This analysis
focused on the relation between copper use,
developmental stage and economic dynamics.
A cross-country correlation analysis was per-
formed for all countries and each year on the
relation between copper consumption levels
and income levels. There are three clear groups
of countries:

1. Countries where copper consumption
levels strongly correlate with income
levels.

2. Countries that maintained a persistent
low copper consumption level at various
levels of income.

3. Low income countries that had a large
range of copper consumption levels.

Over the years only a few countries changed
group; for the vast majority the pattern re-
mained stable for more than 30 years.

A stakeholder meeting with the international
copper association was held, where our findings
regarding copper were presented and discussed
in terms of the implications for future sustain-
able use of metals.

The European strategy on a sustainable use of
resources aims at a double decoupling; a de-
coupling of economic growth from resource use

and a decoupling of resource use from its en-
vironmental impacts. At present DG Environ-
ment envisages developing targets and in-
dicators for both resource productivity and
environmental impacts of resource use. Where-
as an indicator for aggregated environmental
impacts of resource use still has to be developed,
indicators for resource use itself are established
and available.The challenge for scenario analysis
lies in integrating parameters for resource use
into appropriate econometric models (see also
p. 35-38).

Together with colleagues from Cambridge Eco-
nometrics we integrated material flow data for
all European countries in their E3ME model,
which basically involved a sectoral disaggre-
gation of domestic extraction and physical
imports.

The following four scenarios (up to 2030) will be
modelled and analysed with respect to their
impact on material use, energy use and CO,
emissions:

1. Ecological tax reform: increasing taxes on
resources and CO, emissions, decreasing
taxes on labour (see also page 14).

2. Time instead of money: Gains in labour
productivity are paid back to the labour
forcepartly in money, partly in time.

3. Lifestyle changes: Different exogenously

introduced changes in lifestyle (expressed
in different private consumption patterns)
are analysed with respect to their effects
on resource use.

4. Means and feasibility to achieve demateria-
lisation targets: The fourth scenario com-
bines the previous ones and will investi-
gate if, under which conditions, and by
which combinatio of instruments, specific
dematerialisation goals (e.g. Factor 4) can
be achieved.

Overall these scenarios aim at identifying pro-
mising points of intervention that could have a
significant impact on future resource use levels.

Within this case study there was a focus on the
Czech Republic. In collaboration with the case
study on environmental technology the extra-
ction and consumption patterns of this new EU
Member State were analysed. The results were
discussed with stakeholders and used the mod-
elling of the case study (see pages 35-38).

The experimental stage of this sub-case study
focused on quantification of direct and up-stream
energy requirements and carbon emissions
related to the production system in the Czech
Republic. These flows were then linked to do-
mestic final demand for commodities, as well as
to their exports and to imports. The quantifi-
cation of total energy requirements and carbon
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emission flows was carried out for 1999 and
2003.

Results show that while total energy require-
ments for domestic final demand remained
stable between 1999 and 2003, there was an in-
crease in energy requirements for exports by
approximately 9 percent. An increase in energy
requirements for total final demand, which
amounted to 4 percent between 1999 and 2003,
was therefore driven by consumption abroad
rather than by consumption in the Czech
Republic.

Total energy requirements of imports went up
by 6 percent. This suggested an increase in
pressure exerted abroad by the consumption in
the Czech Republic between 1999 and 2003. As
total energy requirements for exports also went
up, there was a simultaneous increase in pres-
sure exerted on the environment in the Czech
Republic by the consumption of other eco-
nomies. The balance between energy imports
and exports remains positive and on the same
level for both years. This means that, with respect
to its foreign trade and energy requirements,
the Czech Republic exerts pressure on the
environment abroad rather than other eco-
nomies exert pressure on its environment. Total
carbon emissions related to domestic final de-
mand went up by 12 percent. As there was only
a very slight increase in total energy require-
ments for domestic final demand, this increase
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indicated that more carbon-intensive energy
carriers were burnt when producing commod-
ities for domestic final demand in 2003 com-
pared to 1999. The opposite seems to be true for
exports and imports, as in spite of an increase in
energy requirements, total carbon emissions
went down by 7 percent for exports and almost
40 percent for imports.

Prospects for ISA

The results of this study provide the background
for the scoping stage of a full-scale ISA. It pro-
vides the basis for scoping the unsustainability
problem and paving the way to identify possible
solution options to explore with stake-holders,
concerning how the key relationships in this
area might be manipulated, for example through
substituting for some metals, reducing their use
in some applications, improving recovery rates
and recycling rates and reducing demand by
selling services rather than selling products.

1 Graedel, T.E., Bertram, M., Fuse, K., Gordon, R.B., Lifset, R.,
Rechberger, H. and Spatari, S. (2002). The contemporary
European copper cycle: The characterization of technological
copper cycles. Ecological Economics, 42: 9-26.

2 Ayres, R.U., Ayres, LW. and Rade, I. (2002). The Life Cycle of
Copper, its Co-Products and By-Products. IIED and WBCSD,

3 von Gleich, A, Ayres, R.U. and GoBling-Reisemann, S.
(2006). Sustainable metals management. Securing our future
- steps towards a closed loop economy. Springer, Dordrecht.
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ISA of Water: The Ebro River Basin

The Ebro River Basin is located in the North-
Eastern part of the lberian Peninsula. It is the
largest hydrological basin of Spain and flows into
a delta that represents one of the richest wet-
land areas in the Mediterranean basin in terms of
biodiversity. This case study studied this basin
within the context of changes occurring in Spanish
water policy mainly during the last two decades.

One of the most outstanding conflicts regarding
Spanish water policy was related to the National
Water Plan (NWP, presented in the year 2000 and
approved in 2001), which proposed a water trans-
fer from the Ebro river basin mostly to the South
for intensive agriculture and coastal tourism. The
NWP was highly criticised in Spain for not taking

ot | " T

the social and ecological impacts sufficiently into
account, and because it framed the issue merely
as an economic demand/supply optimisation
question rather than considering systemic aspects
of the river basin and landscape management. It
was seen by a large sector of the Spanish popu-
lation as a continuation of the ‘old hydraulic
paradigm’or‘culture; based on an endless increase
of water supply, rather than for meeting local
populations'needs. The NWP caused a wide social
upheaval, manifested, for example, in the largest
demonstrations on socio-environmental issues
taking place in Spain for over two decades. A wide
range of stakeholders built a new cross-cutting
social movement and coordinated pressure group,
named the ‘New Water Culture’ (NWC), which was

intended to change the main water management
orientation that had dominated water policy in
Spain during the 20" century. This traditional
approach was characterised by building large
infrastructures (some 400 dams during Franco'’s
period) and increasing water supply, as well as by
a perception of water policy as a sectoral and
centralised matter. In contrast, the NWC move-
ment emphasised the need to manage water de-
mand and allocation and thus adapt uses and
users to existing water availability, e.g. through
pricing and reuse, integration of water into land-
scape planning and promoting the engagement
of stakeholders in the management of river basin
resources. Aftera successful campaign by pressure
groups working in concert at local, national but
also at European level, the National Water Plan
was finally withdrawn in 2004. This has been wid-
ely understood as the beginning of a transition in
water policy not only in Spain but also elsewhere.

What was done?

The study examined the New Water Culture
movement within the transition theory frame-
work (see pages 40-42) and in particular, the role
played by culture and/or by biophysical con-
straints in triggering transitional changes in the
water domain. The focus was on the review of
a selection of available assessment tools and
methods and the development of both a World
Cellular (WC) model and a new Integrated Sus-
tainability Framework (ISF) to represent and
support niche sustainability developments within
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the domain of water in a social learning mode. The
World Cellular Model and Framework aimed not
only to represent the complexity of social-eco-
logical relationships of the Ebro river basin, but
also to contribute to the empowerment of relevant
pro-sustainability agents.

The WC model and ISF are structured in a way that
provides a total system perspective of water uses
and of the stocks and flows of water using a linked
agent-based model. Policy trade-offs and alter-
natives are assessed with regard to the impacts
(both positive and negative) on other agents
rather than between abstract economic, social
and economic domains. So the main focus is not
so much on defining ‘what’ the problem is, but
rather on ‘who’ has agency and responsibility for
its resolution. The WC framework also includes a
user-friendly interface in the form of a ‘water
game’ to facilitate a structured dialogue among
stakeholders and to support reflexive learning.

)
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The game contributes to the understanding of
agents’ motives and to help stakeholders to be-
come aware of the social-ecological constraints of
their actions and wants. It also contributes to
agent engagement and to the reframing of per-
spectives on the unsustainability problem; it can
be used in the experimenting stage of the ISA
cycle to simulate situations that cannot be carried
out in real time. In short, the WC Model and the
game aim at empowering sustainability-related
agents, illustrating differences in the agents’ com-
petences, and uncovering issues regarding the
fairness in power and resource distribution (see
page 30 for a screen-shot of the game).

What ISA can contribute to current European
water policies

ISA provides a structured framework that permits
the integration of different sources of knowledge
in the process of framing, envisioning and eluci-
dating socially and ecologically robust strategies,

pathways and system interventions toward
sustainability regime transformation. ISA could
potentially be very useful for European water
policies, which are not yet taking a fully integrated
systems-based approach to sustainability for
various reasons. The use of ISA within the water
policy domain can provide agents and policy
makers with a new vision, derived from a struct-
ured process for regime change. It can also con-
tribute to the setting of voluntary limits to social-
ecological growth and to redirecting patterns of
development, and, thus, to increasing the long-
term opportunities for improving water security
and human welfare. ISA provides opportunities
to make coherent narratives that integrate
multiple domains, scales, problems, languages,
and institutional arrangements. The application
of ISA creates opportunities to help coordinate
the actions of different agents to achieve patterns
of development that are compatible with the
long-term changes occurring in the social-
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ecological system as a whole. In the context of
the Ebro river basin and other river basins in
Spain, a transition was underway before the start
of the MATISSE project. However, by deploying
ISA it becomes easier to identify the current status
of the transition process and provide appropriate
support that may empower relevant agents and
catalyse the process. Importantly, there are clear
opportunities for ISA to play similar roles in
identifying, structuring and supporting other
niche developments in the domain of water
management.

What was learned?

An important insight from the first iteration of the
ISA cycle was a vision from stakeholders of sus-
tainability as a situation in which relevant agents
continuously learn to collaborate for the common
good. This does not mean that all actors have the
same set of goals and interests that drive their

actions, or that all of them share the same world-
views and ideas about the future. Rather, it means
that the different perspectives of the future are
not necessarily completely at odds with each
other and that a certain degree of complementary
and positive synergies can be found among
them.

However, the second ISA iteration showed that in
order to achieve substantive sustainability out-
comes, collaborationamong agentsis notenough;
agents also need to transform their practices. This
result was obtained mainly by the application of
an extended version of the game called the Water
Transition Play. Transforming agents’ behaviours
and actions depends on building strategies that
can appeal to the various agents and on building
trust between agents. This is not something that
can be achieved easily or in a short time frame,
but depends on securing agents’ commitment to
the search process.

Our application of ISA for the case of water has
allowed us to better identify the key elements
that drive current unsustainability in the domain
of water and beyond, not only from an ‘expert’
perspective but, more importantly, from the per-
spective of the ‘people of the context. The ISA
deliberative processes can open up new debates
and improve the capacities for greater awareness
and control over the negative consequences of
different policy alternatives and measures. Our
procedure contributed to the identification of
policy options. However, further research is need-
ed to understand and assess to what extent these
options can be implemented in the policy process.

ISA water models and tools can help to improve
the understanding of the total system under con-
sideration thus to assess the conditions under
which transitions occur. However, the roles of ISA
models and tools go beyond simple systems’
representation and include agent empowerment
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for transformation. In order to achieve this, and to
support transitions, current models should pro-
vide easy interfaces, be more malleable and inter-
active, and better integrate the social dynamics
and stakeholder concerns. The water case study
has explored this new modelling approach with
the development of the World Cellular Framework
and gaming interface.

This case study also showed that language is a key
element in overcoming the persistent problems of
unsustainability, and in particular there is a need
to develop a shared language among experts from
different specialisms and among stakeholders that
is able to bridge the divides between economics,
natural sciences, and ethics. Hence, together with
the World Cellular Model, we developed and im-
plemented an original conceptual framework to
support the making of a sustainability narrative.
We developed and used a framework called SEIC
(Structure and institutions — Energy and resources
- Information and knowledge - system Change) to
integrate languages from different sources and
backgrounds. Key elements included in this con-
ceptual and linguistic framework concern time
and scale, which we use as cross-cutting themes.
We aimed at developing a relational framework to
explore sustainability and its meaning, which
could be made operational as an easy-to-use
model able to support the development of
systemic narratives about transition processes.

In this project, ISA has been performed as a basic
research experiment. But at the same time, the
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Screenshot of the Water Transition Play

integration of different sources of knowledge
has broadened our understanding of the essen-
tial components of sustainable development and
has enormously enriched our assessment and de-
piction of the whole system dynamics. We con-
clude that a precondition for the successful use of
ISA is a common agreement by those engaged in
policy making that strategic structural change is
needed. The success of ISA for a certain project
does depend less on the environmental or sustain-
ability problems encountered and more on the
sincere willingness of agents to engage in a
process of system transformation.

Further Reading:

Tabara, J.D. and llhan, A.(2007). Culture as Trigger for
Sustainability Transition in the Water Domain. The case of the
Spanish Water Policy and the Ebro River Basin MATISSE
Working Paper 10.

Available at: www.matisse-project.net

Tabara, J.D. and Pahl-Wostl, C. (2007). Sustainability learning
in the management of social-ecological systems. MATISSE
Working Paper 11.

Available at: www.matisse-project.net

Tabara, J.D. and Roca, E., Madrid, C. (2007). Developing new
methods and tools for the Integrated Sustainability Assess-
ment of water. The MATISSE project and the Ebro River Basin.
MATISSE Working Paper 8.

Available at: www.matisse-project.net

Tabara, J.D., EImqvist, B., llhan, A., Madrid, C., Olsson, L.,
Schilperoord, M., Valkering, P., Wallman, P. and Weaver, P.
(2007). Participatory Modelling for the Integrated Sustain-
ability Assessment of Water: the World Cellular Model and
the MATISSE Project. MATISSE Working Paper 9.

Available at: www.matisse-project.net
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Sustainable Transport: The Hydrogen Case Study

The use of hydrogen as an energy carrier for the
transport system has been discussed and tested
inresearch niches for many years. High oil prices,
the growing awareness that this will not be a
temporary situation and the strong dependency
of the European transport system on fossil fuels
(more than 97 percent), which raises the issue of
the security of energy supply for transport,
provokes the search for alternative primary
energy sources, new fuels and new technologies
for the transport system. In addition, today’s
transport system causes other adverse impacts
like greenhouse gas emissions, other forms of
air pollution, transport noise, and accidents.

One of the alternative energy carriers for
transport is hydrogen. It can be generated from
a number of different primary energy sources,
both fossil and non-fossil. These would improve
the security of energy supply for transport by
increasing the diversity of potential feedstocks
and widening the range of geographical sources.
Depending on the production pathway of
hydrogen, the emission of greenhouse gases
can be reduced or completely eliminated. Using
hydrogen in fuel cells would solve the problem
of air pollution, at least at the point of use, but
potentially also at the point of production. Road
transport noise in urban areas would be signi-
ficantly reduced.

Of course, not all (environmental) problems of
transport could be solved by hydrogen. For

example, the land-take for transport infra-
structure, the maintenance of alarge and ageing
infrastructure network and the congestion issue
will not be influenced by changing the energy
carrier driving the transport system.

What was done?
This case study analysed the sustainability of a
possible shift of the European transport system
towards the use of hydrogen as an energy
carrier from a stakeholder perspective and a
model-based perspective. The first iteration of
theISA-cycle included stakeholder engagement
to obtain different perspectives on sustainable
transport, modelling scenarios with the ASTRA
model and learning from the experiences for
the second iteration. ASTRA (Assessment of
Transport Strategies) is a system dynamics
model generating time pro-
files of variables and indi-
cators needed for policy
assessment. ASTRA runs
scenarios for the period
1990 until 2030 using the
first twelve years for cali-
bration of the model. The
ASTRA model consists of
eight modules, covering
population, macroecono-
mics, regional economics,
foreign trade, transport, en-
vironment, vehicle fleet and
welfare. The model region is

EU-25. The first ISA cycle showed that ASTRA
is well suited for the analysis of sustainability
impacts, but that extra tools would be needed
to explore the relationships and processes
that will be important for analysing transition
dynamics.

For the second iteration ASTRA was extended to
assess the prospects for — and environmental
and economic impacts of — a transition to alter-
native fuel vehicles (including hydrogen fuel
cell vehicles). Furthermore a new system dyn-
amics ISA-tool was developed to assess the
prospects for a hydrogen transition within trans-
port, with a focus on economic policy analysis
and exploring the co-evolution of fuel infra-
structure build-up and vehicle development.
Also a transport technology application of the

-
-
<))
=
(%]
©
o
-
~




-
-
Q
=)
(7]
©
(@)
-
~

generic transition model (see pages 40-42) was
developed for an assessment of a hydrogen
transition within transport in the context of
broader technological change in the system.
The new system dynamic model and the
transition model were applied in a case study
for Germany.

Another important step of the second cycle was
the link to other case studies and model act-
ivities. This included the modelling of platinum
use in hydrogen vehicles (see pages 19-22) and
possible competition in the use of biomass (see
pages 39 - 40).

Model results

The ASTRA results for the EU-25 show that a
transition to hydrogen transport fuels would
have positive economic and environmental im-
pacts: an increase in GDP, employment and
investment and growth in a number of sectors
(electronic, chemical, mechanical, automotive)

associated with fuel cell vehicle (FCV) tech-
nology. Other sectors are negatively impacted,
however, due to expenditure diverted away
from other consumer goods (e.g., food, textiles,
paper, plastics and catering) towards transport
consumption. CO, emissions from driving acti-
vity decline by -4.6 percent by 2030; and there
are lower levels of fossil fuel imports (see table
below).

Using ASTRA to model vehicle sales, the pro-
spects for — and economic and environmental
impacts of — a transition to low-carbon vehicles
were assessed. The results indicate that a carbon
policy would lead to reduced support for
conventionally powered vehicles (Internal Com-
bustion Engine - (ICE) vehicles) both petrol and
diesel, and enable a take-off of hydrogen ve-
hicles by 2030. By 2050, hydrogen vehicle sales
would account for 20 percent of the total Euro-
pean market. Under baseline and carbon tax
scenarios, hybrid and LPG (liquified petroleum

Economy GDP Employment Investment

Impact of H, cars l T TT

Resources Gasoline Diesel Import of natural gas Platinum
Impact of H, cars ll l T TT
Transport emissions CO, driving CO, upstream CO, total NO, emissions
Impact of H, cars l T l l

Source: ASTRA scenario results

Summary of major quantified impacts of introducing H, vehicles in the EU-25 with an exogenously

given market penetration of H, vehicles
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gas) cars see initial, limited support around
2000, but do not take off. Under both scenarios,
other biofuelled cars (fuelled with bio-ethanol)
and Compressed Natural Gas cars take off
around 2010, but begin to decline after 2020.
Overall, we conclude that due to the policies
changes of the vehicle fleet composition as well
as the types of fuel consumed are substantial.
The carbon tax would have little impact on the
economy (up to +0.3 percent of GDP in 2050),
but would lead to substantial reductions of CO,
emissions from transport.

The hydrogen diffusion model shows for Ger-

many that, since a transition to hydrogen as an

energy fuel in the transport sector is a disruptive

innovation, relevant support is needed in differ-

ent areas for a limited time period; in an opti-

mistic case, for around eight to ten years. In

particular, support is needed in three areas:

« Subsidies for vehicles (highest support ne-
cessary)

« Subsidies for at least 500 filling stations (in
urban areas and at highways)

+ No VAT and no taxes for hydrogen in the intro-
duction phase(first one million FCVs)

The figure on the right shows model results re-
garding the levels of support needed for fuel
cell vehicles and filling stations for one of the
scenarios that was modelled. After a period of
support, the hydrogen vehicles have a lower total
cost than conventional vehicles. This assumes
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that the cost reduction targets of hydrogen
vehiclesare reached, which depends on learning
curves. It is important to reach a certain level
of market penetration of hydrogen vehicles and
infrastructure build-up very fast; otherwise
hydrogen would fail. The overall financial sup-
port is much lower in the case of fast market
penetration than with slow market penetration.
However, even with massive financial support,
only one-third of all vehicles would be FCVs
by 2040.

The Transport Technology Transition modell-
ing for Germany shows biofuels-based and
hybrid-electric technologies dominating in the
medium term, before hydrogen takes off in the
longer term (see also pages 41-42). This is
consistent with the literature on technological
development within the transport sector."’
Crucially, the scenario assumed no restrictions
on the use of biofuels (unlike in the ASTRA
model), which is why we see an overly optimistic
(unrealistic) growth of this niche. It is also note-
worthy that we do not include battery electric

1000
o 900 mvehicle tax deficit
o 800 = fuel tax deficit
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2 700 u subsidies FCVs
€ = subsidies urban FS
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Simulation results of the so-called Lead Scenario where the state assumes all financial burdens and the fuel cell vehicles are seen as
perfect substitutes for conventional vehicles and the support strategy is optimized (FCVs: fuel cell vehicles, FS: Filling station).

vehicles (BEVs). ASTRA results suggest little pro-
pect (under current trends) for BEVs to take off.

Inputs from stakeholder involvement
Stakeholder engagement is relevant to the issue
of shifting transport to hydrogen use given the
complexity, ambiguity and subjectivity of per-
sistent problems of unsustainability, such as
those of transport. In this case study, two Euro-
pean-scale and two national-level stakeholder
workshops were organised (see also pages
43-46).

The aims were to elicit stakeholders’ visions of
sustainability in relation to both hydrogen
transport technology and transport itself and
their views on viable pathways and any barriers
tosustainable hydrogen-based transport. Stake-
holders’ input led to the reframing of the case
study from a focus on a hydrogen transition to
that of a wider mobility transition, as well as the
definition of sustainability criteriafor sustainable
transport/mobility and pathways to sustainable
hydrogen-based transport. Feedback on model
design and experiments was also provided.

Results reveal a wide consensus that sustain-
able transport requires diversified and renew-
able primary energy supplies and diversified
delivery of mobility solutions. International
competitiveness is a serious economic, social
and political concern. Hydrogen fuels and el-
ectrochemical conversion technologies could
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contribute to sustainability, but outcomes de-
pend on how and where hydrogen is produced,
the cost and technical performances of tech-
nologies, how these are improved, and whether
the technologies induce new resource or sus-
tainability constraints.

The views of the experts highlighted a need
for both technological and non-technological
measures to tackle rising transport demand.
Citizen stakeholders supported the view of
experts that transport in its current form and
ongoing trends in the sector are unsustainable
and that a ‘business-as-usual’ approach should
be rejected. They identified similar environmen-
tal, social and economic criteria for sustainable
transport and located responsibility for fostering
sustain-able transport primarily with govern-
ments. In contrast to experts, citizens tended to
place more emphasis on behavioural change
policies than on transport technologies. More-
over, citizens considered amenity aspects of
transport to be most important, while experts
stressed the technological issues.

Conclusion

A sustainable solution for the transport sector is
becoming increasingly linked to a sustainable
solution for the energy system. Both depend on
a diversification of energy sources and modes
of delivery of final energy services. Both also
require sustainable sourcing of fuels. Although
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hydrogen used in fuel cells producing electricity
to propel electric engines appears to provide
a promising option for a sustainable transport
system, it still has to overcome significant
technological barriers and it must compete
with other plausible solutions. The barriers also
apply to competing technologies and it is un-
clear yet which technology will break through
its barriers faster and how competition between
technologies will play out. There is also inter-
national competition to consider. An important
aspect from a European perspective concerns
the economic and trading implications of being
(or not being) in the forefront of hydrogen
technology development. For these reasons,
investing in hydrogen research, technology
development and demonstration projects may
also be justifiable as a hedging strategy in the
event that breakthroughs are achieved in
hydrogen energy chains and mobile fuel cell
technologies that lead to hydrogen emerging
as a dominant technology in the future.

1 European Commission (2001). European transport policy for
2010: time to decide. White Paper. Brussels: European Commission.

2 Wehnert, T., Oniszk-Poplawska, A., Ninni, A, Velte, D. and
Joergensen, B.H. Eurendel Project. Final Report. November 2004.
Available at: www.eurendel.net.

Further reading

Schade, W., Wietschel, M. and Weaver, P.M.(2007): Reframing
Sustainable Transport: Exploring Hydrogen Strategies Using
Integrated Sustainability Assessment. MATISSE Working
Paper 16.

Available at: www.matisse-project.net

Whitmarsh, L., Bohunovsky, L., Jager, J., and Nykvist, B. (2007).
Stakeholder Feedback on MATISSE Sustainable Hydrogen
Visions and Pathways: Findings from the June 2007 Hydrogen
Stakeholder Workshop. MATISSE Working Paper 18.
Available at: www.matisse-project.net

Whitmarsh, L. and Wietschel, M. (2006). Sustainable Transport
Vision: What Role for Hydrogen and Fuel Cell Vehicle
Technologies? MATISSE Working Paper 2.

Available at: www.matisseproject.net




MATISSE

Environmental Technological Change: The Czech Republic

R&D and fast market diffusion of resource-effi-
cienttechnologieswill beimportant contributors
to sustainable development transitions. This
MATISSE case study focused on the transition of
economies in connection with the adoption of
technology. Starting from a more general de-
velopment pathway examined in the first itera-
tion of thisISA case study,a possibleintroduction
of environmental tax reform was the focus of
the second iteration. Besides analysis on the
European scale, the case study focused in part-
icular on the Czech Republic.

The use of fiscal measures to stimulate change
away from environmentally-damaging be-
haviour is already well-established. In contrast
to environmental taxes the practice of environ-
mental tax reform (ETR), in which the overall tax
burden remains unchanged but taxes are re-
structured (for example to be higher on resource
use and waste generation and to be lower on
employment and income), is less widespread.
To date the focus of implementing environ-
mental taxes has been most common in the
areas of energy and transport followed by waste
and water. Taxes are applied in some countries
in other limited areas, such as pesticides and
fertilisers, packaging, resources, and chemical
waste.

What was done?
Although starting the analysis on the scale of
EU-25, this case study focused on the Czech

Republic and the process involved several
meetings with stakeholders in this country.
Initial work and discussions aimed at providing
stakeholders with information on underlying
trends and indicative impacts that technology
might be able to achieve in relation to sus-
tainable development. An alternative develop-
ment scenario was designed and implemented
in E3ME, a multinational dynamic model of the
EU-25 (further information on E3ME can be
found at: www.e3me.com). Comparing the out-
come of the scenario with that of the MATISSE

baseline provided an initial indication to the
stakeholders of the extent to which investment
in technology (in a broad sense) can contribute
to their vision of a sustainable future.

The scenario developed fulfilled an important
role in providing an initial quantification of
underlying trends and possible impacts, which
helped to focus areas of concern and possible
development paths. The discussions with stake-
holders reinforced their emphasis on material
use (and the potential to produce absolute de-
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materialisation in the future) and social sustain-
ability (especially reducing, rather than increas-
ing, the well-being differential between the
urban and rural areas), as important for sustain-
able development.

To provide more focus on potential drivers of
change the discussions with stakeholders sug-
gested that a scenario exploring the effects of
an ecological tax reform (ETR) would be of
interest. This coincided with the topic of ETR
returning to the centre of the political debate in
the Czech Republic.

The impact of the proposed development path-
way was modelled through a series of sequential
scenarios, each of which examined the effects
of a particular driver for change in the context
of other changes that have been modelled. The
scenario analysis used E3ME.

In summary these scenarios involved

- the introduction of a revenue-neutral car-
bon levy on energy throughout the EU-25;

« increases in business R&D (stimulated by
the increased cost of energy); and

- improved material use efficiency.

A Vision for the Czech Republic

The pathway for the Czech Republic is built on
the assumption that it actively embraces en-
vironmental tax reform as a means to limit the
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potential environmental impact of future eco-
nomic growth. It is keen to achieve far-reaching
efficiencies in resource use and for efficiencies to
be improved in many economic sectors. The
push for more active policies in this area results
from the desire to encourage competitive busi-
nesses and environmental responsibility, but
also from a belief that more far-reaching en-
vironmental tax reform will, in time, become the
norm within the EU and that by being at the
forefront of the movement, the Czech Republic
will achieve longer-term benefits for the
economy.

Specifically, the vision for the Czech Republic
focuses on reduced demand both for non-re-
newable raw materials (from all sources), and

for commodities that have high environmental
costs (whether associated with their production
or use).

Therefore, in addition to implementing taxes on
energy in an attempt to reduce demand and
promote the uptake of energy-efficient pro-
duction techniques, the Czech Republic also
introduces a materials input tax on the use of
certain raw materials and a materials tax on the
use of key manufactured commodities by
certain sectors thatare environmentally-damag-
ing, where the environmental burden relates to
more than the sourcing of its material inputs or
the (potentially) high use of energy in its
manufacture.

= essential

mvery important

¥ quite important

Persons

o = N W » O o N oo ©
y |

Erather unimportant

unot important at all

The participants of the third workshop in Prague were asked to rank seven elements of the Czech sustainability vision according to
how important they seem to them. The results are shown in this figure.



The issues relating to the introduction of ETR to
areas other than energy are expanded on in
more detail below.

The first scenario included a levy from 2008 as a
flat rate charge on the carbon content of fuels.
The levy is set at 200 euros per tonne of carbon
(55 euros per tonne of CO,). The purpose of the
levy is twofold: to raise the price of energy and
thereby encourage improved efficiency in its
use, and to encourage users to switch to less
carbon-intensive sources of energy. The levy is
assumed to be revenue-neutral for each count-
ry, with the revenues raised matched by an
offsetting reduction on social security payments
by employers.

The impact of the levy and revenue recycling is
to raise GDP in the EU-25, though the overall
impact is relatively small (by 2030 GDP is around
0.5 percent higher than in the baseline pro-
jection). The impact is greater within the EU-10
than EU-15. The overall impact on employment
is positive, though as with the impact on GDP
it is relatively small (0.5 percent, 1.2m people in
EU-25 by 2030), and the largest relative impact is
within the EU-10. All countries (with the ex-
ception of a couple of the smaller EU-10) see po-
sitive employment effects. The overall demand
for energy in EU-25 is almost 10 percent lower in
2020 and 15 percent lower in 2030.

The reductions are

. . Energy tax Increased R&D  Material efficienc Total
slightly stronger in e/ 4
the EU-10 than the  GDP 1.0 7.0 -0.6 -7.5
EU-15. Employment 7.0 2.0 -3.9 -1.3
Energy -10.7 -5.7 -29 -28.8
The second sce.narlo GHGs -16.7 -7.1 -3.2 -25.6
assumed that intro-
Material use (TMR) -0.9 1.5 -6.6 -6.1

ducing a carbon levy

indirectly makes bu-
sinesses raise the
level of their R&D efforts. This would be in an
attempt to lower their own costs by improving
their processes, as well as to improve the energy-
efficiency characteristics of the products they
produce. For the EU as a whole it means that
business R&D spending would represent around
2.5 percent of GDP. As a result, R&D is some 40
percent higher than in the baseline scenario in
both 2020 and 2030.

The overall impact of the additional R&D is to
raise GDP in EU-25 by 2.5 percent by 2030. The
largest relative impact is in the EU-10, where
GDP is around 5-5.5 percent higher. The em-
ployment impact amounts to 1 percent (some
2.7m jobs) by 2030. Most of these net additional
jobs are created in the EU-15.There is a relatively
quick impact on energy use, with energy use in
the EU-25 10 percent lower by 2010 as a result
of the additional R&D.

The earlier scenarios have shown that while a
focus on raising the cost of energy, or on

Summary of scenario impacts: Czech Republic, in % of baseline in 2020

improving the energy efficiency of production
can have a favourable impact on the material
intensity of an economy, it does so in a limited
way. This is typically either by reducing the
extraction/use of energy products (coal, oil) or
by focusing additional growth on the less
resource-intensive parts of the economy. There
is little impact on the more general resource use
and requirements of the economy.

In the third scenario it is assumed that an
additional indirect benefit from the introduction
of the carbon levy, and the focus this gives to
using the energy resource effectively, is that it
focuses attention on the efficient use of all
resources. This results in a variant on the so-
called ‘Aachen scenario’ occurring, where
manufacturing and construction sectorsachieve
a 20 percent reduction in material input costs
through the widespread implementation of
currently-known technologies and best prac-
tices by 2015 (i.e. achieving efficiency im-
provements of 2.2 percent per year).
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In this scenario, GDP in the EU-25 is lower than
inthe absence of the strongerresource efficiency
trends, by around 3 percent by 2015 (the year in
which the main additional resource savings are
achieved) and by around 2.25 percent in the
long term. In the short term, the impact is
mainly felt in the EU-15, the economies that will
be supplying most of the manufactured inputs
for which demand is being reduced as a con-
sequence of the improvements in resource
efficiency. There are important differences in
the impact that the scenario has on different
indicators of economic output. While the im-
pact on GDP is negative there is a positive
impact on value-added. The impact on GDP
varies greatly by industry and thus by country.
Many countries in the EU-10 see a positive GDP
impact. As a result of the lower levels of eco-
nomic output (as against value-added) in the
EU-25 in the scenario, the use of energy is
lowered by 5-6 percent from 2015.

The table on the previous page summarises
the impact of the scenarios on the Czech
Republic in terms of several ‘headline’ indi-
cators of sus-tainable development. Together,
the measures result in a higher level of eco-
nomic output, though slightly lower employ-
ment, and re-duced levels of energy demand,
GHG emissions and resource use.
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Tensions

There are important issues and potential tens-
ions for sustainable development raised by each
of the scenarios considered. Concerning material
use, it was shown, for example, that improved
resource efficiency can result in lower output
but higher value-added, that the scale of im-
pact on material use can reduce over time, and
that higher R&D will not necessarily lower
over-all material use. The distribution of impacts
var-ies within the economy (for example,
between sectors) and between economies,
which may lead to difficulties in getting such
policies as have been considered widely accep-
ted unless they are a part of a broader policy
package. For example, economies are signi-

ficantly affected if they have a dominance of
manufacturing, while there is generally limited
impact on pub-lic services. Equally the impact
on an industry can vary between countries as
policies have an impact on the relative com-
petitive position of sectors between countries.
Specific focus may be needed to increase the
likelihood that such policies will lead to socially
sustainable growth. Overall, a net increase in
employment is not guaranteed. This, also,
suggests that a broader package of measures
may be needed.

Further Reading

Barker, A., Bohunovsky, L. et al. (forthcoming). Using En-
vironmental Tax Reform to Support Sustainable Develop-
ment in Transition Economies: the case for the Czech
Republic. MATISSE Working Paper 19.

Available at: www.matisse-project.net




Within an ISA cycle, combinations of tools are
used to develop and test the visions in terms
of con-sistency, adequacy, robustness and
feasibility. Further, they are used to explore
the implications of policy options and trade-
offs between different pathways.

In the MATISSE project the work on tools had
two distinct foci. The first is a focus on sce-
narios, which are covered elsewhere in this
brochure (pages 11-14). The other is on mo-
dels, in particular on simulation and conce-
ptual models, both existing and new: Inter-
linking and improving existing modelling tools.
This involves the use of a portfolio of existing
Integrated Assessment (IA)-models and other
models in a more creative and coherent
manner, while also linking, adjusting and im-
proving them. Developing prototypes of new
ISA-modelling tools. This involves the deve-
lopment of new conceptual models and mo-
dules that are based on a new paradigm that
is rooted in complex systems theory, evolu-
tionary economics and multi-agent modelling.
The aim is to develop stakeholder-oriented,
explorative, and more integrated ISA-tools.

Computer modelling tools are simplified re-
presentations of complex real-world pheno-
mena. They are based on scientific theory and
have a formal, mathematical structure. Ex-
isting modelling tools have been applied to a

wide range of sustainability issues and have

been used for policy-relevant sustainability

assessments. These include biophysical
models, socio-economic models and inte-
grated modelling approaches’.

Within the ISA cycle of scoping, envisioning,

experimenting and learning, computer simu-

lation models are especially useful in three
stages:

« Applications of certain models in previous
ISA-type assessments can help in the scop-
ing stage of a sustainability assessment to
define the problem, pinpoint its key drivers
and causal chains and identify potential
trade-offs and synergies to provide guid-
ance on which measures could be appro-
priate to tackle the problem.

«+ Extensive scenario development and ana-
lysis with existing and/or improved models
are useful in the envisioning stage to map
alternative futures.

+ In the experimental stage, models are used
to explore the potential of a range of policy
options and transition pathways to solve
the sustainability issues at hand. If models
from different schools can be coupled, they
may provide a comprehensive and consi-
stent framework for understanding the po-
tential interactions between social, eco-
nomic and environmental processes.

+ In the learning stage, the models can be
updated based on past experiences, in pre-
paration for the next ISA cycle.

The focus is, however, on the experimental
stage in which models are of crucial importance.

An example of linking models is provided by
the MATISSE efforts to define possible limits
to sustainable biomass demand and supply
for Europe until 2050, including global trade
linkages and an array of policy options. Since
increased biomass demand would have im-
plications for biogeochemical cycles, water
systems, material and energy flows, a variety
of models is required and these must be
linked (see next page). Four models have
been linked within the MATISSE project. The
results of linking the models and defining
possible limits to sustainable biomass de-
mand are relevant for the case studies on
dematerialisation and sustainable mobility.

A number of improvements have been made
to the E3ME within MATISSE. These include
extending the model to incorporate the cost
of damaging externalities from air pollution
and implementing a new module that links
economic activity and demand for physical
materials.

The case study on Agriculture, Forestry and
Land Use (AFLU) has also developed and ex-
tended models to enable them to ade-

39



MATISSE

e Competition with food production (increasing food prices)

® International trade

¢ Land use expansion, GHG emissions, biodiversity

* Nutrient cycles (fertilizer use)

¢ Changes in carbon stocks and fluxes (vegetation and soil)

¢ Hydrological cycle and water constrants

¢ Increased Human Appropriation of Net Primary Production

develop prototypes of a new
generation of modelling tools
for use in ISA. This is a huge
task that will likely take many
years to complete! In this pro-
ject we decided to focus our
work in particular on devel-
oping a new modelling tool
that can simulate socio-tech-
nical ‘transitions’ in the con-
text of pathways towards a
more sustainable future. By
‘transition’we refer to afunda-
mental change in the struc-

HANPP

quately represent the critical relationships
linking the policy instruments designed to
promote sustainability in the AFLU sector
with a host of widely disparate sustainable
development concerns. This has included de-
velopment of a stochastic model to provide
the joint distributions of the policy impacts
using the expected impacts given by the
deterministic models as a reference. Metho-
dologies have been developed for measuring
costs of application of policy measures. Finally
an Integrated Policy Assessment tool will
provide the synthesis, albeit in a reduced
form, of the modelling work undertaken.

New tools for ISA
A major goal of the MATISSE project was to

40

ture and functioning of a

whole system rather than incremental changes
within a current system. So the switch from
sailing ships to steam ships in the 19" century
might be an example of a transition, whereas
gradual incremental improvements in the
technology of sailing ships would not be.
We set out to develop protypes of a tool that
would be able to capture the type of fun-
damental structural change that we postulate
will be necessary to achieve sustainability (in
Europe and elsewhere) during the course of
this Century. To do this we first developed a
guiding conceptual framework for transition
modelling that provided a synthesis of avail-
able empirical evidence about previous trans-
itions, on the one hand, and the emerging
body of theory on socio-technical transitions
on the other hand.

Concepts from the literature on socio-tech-
nical transitions were used to develop a struc-
tured narrative about the kinds of process in-
volved in producing a transition. We con-
ceptualised a transition as arising out of a
dynamic interplay between a dominant (or
‘incumbent’) regime and set of competing
niches. By the ‘regime’ we refer to a dominant
set of practices, and also the actors and
structures associated with that dominant set
of practices. Thus the behaviour of many
individual actors is aggregated using the con-
cept of a‘regime’ Similarly ‘niches’ represents
constellations of actors (and associated stru-
ctures) grouped around new, novel or emerg-
ing practices.

The key dynamical patterns underlying a
transition were then described by defining a
minimal set of ‘mechanisms’ that could, in
principle, reproduce the dynamical features
of observed transitions. Examples of such
mechanisms include that of the clustering of
niches into one larger niche or the absorption
of a niche by the regime in order to remove
competition or gain new practices. We then
developed the prototype transition model by
developing algorithms for each of the ident-
ified ‘mechanisms’and then allowing them to
determine the dynamics of the interactions
between regime and niches. In addition a
background ‘landscape’ was described that
represents the underlying, but powerful,
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currents that inexorably change the context
of opportunities, challenges and problems
facing both the regime and niches. Through
differentiated response ‘mechanisms’ it is
possible to explore how landscape ‘signals’
can either favour the regime, and stability, or
niches, and an eventual transition.

In contrast to other assessment tools, the
transition modelling tool developed within
the MATISSE project highlights the com-
plexity of interactions between actors and
structures and the non-linear dynamics within
social systems. The modelling framework
developed in MATISSE is highly suited to
exploring simulations of radical alternative
futures because it is inherently able to sim-
ulate systems innovation and deep structural
change. By simply including a niche in the
model that has radically novel practices (and
hypothesising why these may lead to success)
the model simulates the dynamics of the
emergence of novel societal structures in the
context of transitions to sustainability during
the course of this Century.

An application to the assessment of mobility
in Europe

The conceptual framework for transition
modelling developed in the MATISSE project
has been usedininitial modelling of a mobility
transition. For this purpose, the regime is
defined as private mobility using petrol/diesel

internal combustion engine (ICE) technology.
At time point 0 (year 2000), public transport is
identified as an empowered niche. Other
niches are: hybrid-electric vehicles, biofuel-
powered vehicles, hydrogen fuel cell vehicles,
urban ICT-centred lifestyles, car sharing, and
slow modes. The model also includes simple
consumer/citizen agentswho provide ‘support’
(a broad concept
that encompasses ge-
nerationofresources
and ‘power’ through
market, political and
cultural processes)
to the regi

me and the various
niches.

The consumer/citi-
zen agents are asso-
ciated with a set of
‘practices. Practices
are broadly defined
and include techno-
logy production and
consumption, trans-
port service provi-
sion and use, and
infrastructure provi-

erentiate the various niches, empowered
niches, and regime and that impact on the
environmental, social and economic mobility
criteria identified earlier.

These practices are: CO,emissions [gCO,/pkm];
cost acceptance [€/y]; private mobility
[pkm/y]; public mobility [pkm/y]; ICT use

sion and use. The Figure 1. Screen-shot of the mobility transition model showing the ‘practice space’ - multidimensional
axes, which represent the practices listed above; here, only cost and CO, emissions are shown.

least number of Pra-  (Dots represent consumer/citizen;

ctices has beeniden- ICE (Internal Combustion Engine) = private ICE mobility; PUB = public transport; BIF = biofuel
. . vehicles; HEV = hybrid-electric vehicles; P>S = car sharing; HFC = hydrogen fuel cell vehicles; ICT
tified that can diff- (nformation & Communication Technology) = urban ICT-centred lifestyles; SLW = slow modes).

a1
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[percent]; and built environment [mixed vs.
single zone use; percent].

Figure 1 shows where consumer agents and
the regime and niches are located in a chosen
two dimensional subspace of the full ‘prac-
tice space’ This indicates the (dis)similarity
between agents according to their respec-
tive interests and activities; in this figure the
difference is in respect of accepted cost and
CO, emissions. In contrast to most economic
models, consumer/citizen preferences and
choices are not assumed to be static; rather
they respond to changing landscape condi-
tions and the changing power of agents. Runs
of the transition model thus show how the
distribution of consumers shifts across this
practice space.

Landscape trends and policy interventions
are considered as exogenous ‘signals’ which
affect agents — both directly (via adaptation)
and indirectly (via change in consumer/citi-
zen practices which in turn affects support for
agents). Landscape signals in the mobility
application are:

« Growing consumer/citizen concerns about

climate change and emissions;
+ Increased use of ICT (intrinsic value of car-
reduced);

« Rising fuel costs.

Figure 2 shows the dynamic output of a
‘model experiment’using the initial distribution
in the mobility system of consumer and
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niche/regime practices
shown in Figure 1. This
output shows system
changes impacting on
an indicator of the
‘strength’ or ‘power’ of
the regime and niches.
‘In this case, the pre-
vailing private-ICE re-
gime is replaced by a
hybrid-electric regime;
there is initial growth
of the hydrogen niche
after 2025. The results
from this example run
should not be consid- f- .
ered a prediction, but =i Fuil]
rather an indicative si-

g =5 =

T k] 040 i

Figure 2. Screen-shot of a model run in which the prevailing mobility regime (of privately owned ICE
vehicles) is replaced (by a hybrid-electric regime). The x-axis represents time (2000 to 2050); the yaxis

mulation of radical so- represents the strength or power of the niches or regime (defined here as the support obtained from

cial change processes
using novel-modelling techniques. Initial
tests show the model is capable of repro-
ducing the transition patterns we expect to
see, including slow development of niches,
followed by a more rapid ‘take-off’ and then
replacement of the regime, as well as failed
transitions in which the regime adapts.

1 Lotze-Campen, H. (2007): Review of experience with
existing models and their suitability for Integrated Sus-
tainability Assessment (ISA) MATISSE Working Paper 16.
Available at www.matisse-project.net

consumers; where support is distributed across all niches and the regime and always sums to 1).
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Stakeholder Engagement and Learning in ISA

Stakeholder Engagement
Integrated Sustainability Assessment (ISA) is Topic

a fundamentally participatory approach to et e
sustainability assessment. Within the MATISSE
project we have worked with stakeholders:

Activities

Workshop with stakeholders from the European Commission in October 2005. A
second workshop within the framework of the EU-funded FORESCENE project in
2006.

Water Stakeholder meetings in November 2005, March 2006 and March 2007. Final
workshop is planned in February 2008. While the first workshop was only of an
exploratory kind, the second and third meetings allowed carrying out several
visioning and experimenting activities.

Workshop with stakeholders from the EU Commission and other relevant
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« To construct ‘visions’ of, and ‘pathways’ to,
sustainable futures - that reflect the ex-
periences, views and concerns of different

Agriculture, Forestry

stakeholders; and Land Use organisations in Brussels in October 2006.
- To look at the different options (including Hydrogen/ Two workshops were held in Frankfurt (February 2006, June 2007). MATISSE
options for transformation of and collabor- Mobility researchers conducted focus groups with and distributed self-completion

ation between stakeholders) and trade-offs
between options that different pathways
entail;

+ To increase the mutual understanding of
the science and policy and to improve the
representation of the policy arena in the
models we are developing;

« To test and improve participatory methods
for policy assessment and social learning;
and

questionnaires to stakeholders with interests and expertise in sustainable transport
and hydrogen transport technology.

Two citizens’ workshops were organised in the UK as part of events to engage the
public in science or environmental issues: the BA Festival of Science in September
2006, and the Norwich Forum Trust’s Earth Event in March 2007.

Environmental
Technology -
the CzechRepubilic

Two workshops were held in Prague in 2006 (April and September). A third
workshop was held in November 2007 together with colleagues from the case
study on dematerialisation.

Stakeholder Workshops in the MATISSE Project

- To disseminate our research and raise the
profile of institutions involved in MATISSE.

Stakeholders have been formally engaged
through workshops, in-depth interviews and
questionnaires. In addition we had informal
contact (via email, phone and face-to-face
meetings) with several relevant groups (acad-
emics, government agencies, and industry
representatives) who also acted as advisors
and data providers. Furthermore, a high-level

advisory group, comprising senior academics,
politicians and industry representatives, has
given feedback on the project as a whole and
advised on how findings could be applied to
real-world sustainability challenges.

As an example, the figure on the next page
shows the backgrounds of participants in the
first expert workshop held in the Hydrogen
case study.

The questionnaires administered in several of
the stakeholder workshops provided an op-
portunity to explore whether the stakeholder
engagement methods had fostered social
learning amongst stakeholders. For example,
in the Hydrogen case study when asked what
they had learned from the expert focus
groups and citizens'workshops, in total three-
quarters of stakeholders (rising to 83 percent
of citizens) felt they had learnt something.
The table on next page shows that in total,
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mNGO

m Other

Backgrounds of participants in the stakeholder workshop in Frankfurt (February 2006)

three out of ten stakeholders felt they had
changed their views about the topics dis-
cussed in the groups. Responses often
referred to learning about other participants’
points of view, as well as technological
aspects, transport in other countries, and the
complexity of transport issues.

There has also, of course, been considerable
learning within the project from the stake-
holder activities. For example, the results of
our stakeholder engagement work were vital
for the scoping stage of the Hydrogen ISA.
Rather than restricting the assessment to
hydrogen-based transport as originally in-
tended, it was broadened to encompass a
range of technical and behavioural options
for addressing ‘unsustainable mobility. We
concludethat deliberative workshops provide
valuable fora to co-construct knowledge and

® Academia
m Automotive Industry
= Energy Industry

m Government

elicit informed views of
citizens and experts. They
can also empower these
groups to participate in im-
portant social issues related
to sustainability.

= Consultancy

Learning to do ISA

In addition to reporting on
learning by stakeholders, it
is important to report on
findings about learning by
researchers in the MATISSE project. This is
particularly so because ISA is in its infancy
and the project was, first and foremost, a
methodology development and testing pro-
ject, which responds to a gap in sustainability
assessment practice. ISA is intended to fill
this gap and the project tested ways to
implement the ISA process architecture and

analytical dimensions. ISA is challenging,
since it calls for capacities and features that
are unconventional. Hence the most urgent
task at this stage is to build awareness a-
mong scientists of these challenges and re-
quirements.

The four steps of the ISA cycle were in
principle useful in structuring the complex
process of doing sustainability assessments.
The scoping stage was an important step for
all case studies to broaden the perspective of
the issue and to put the case study into
context. An important lesson seems to be
that although the concept of ISA seems to
be simple, logical and straightforward, it is
not at all easy to apply to real life complex
problems with multiple levels.

The degree and nature of stakeholder
involvementvaried in the case studies. Overall

Do you feel the break-out discussion has changed your Citizens  Citizens  Experts  Experts Total
views about any of the topics discussed? (Sept06) (Mar07) (Feb06) (Jun07)

N=14 N=15 N=44 N=24
Yes 21% 33% 33% 29% 29%
No 29% 27% 56% 42% 39%
Don't know 14% - 12% 21% ;fz"
No answer 36% 40% - 8% °
What, if anything, do you feel you have learned from the break-out discussion [workshop]? Total
Total no. of responses indicating learning 79% 87% 73% 63% 76%

Stakeholder deliberation and learning outcomes from the workshops in the Hydrogen/Mobility case study
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it broadened the scope of the case studies
and was an enriching experience. At the same
time it was a major challenge for the case
studies to engage stakeholders in the process
and to keep them involved. An important
lesson was that a lot of time and resources
and professional skills are required to manage
stakeholder processes. Also it has been a
major challenge to include stakeholder input
in the assessments in a consistent way.

Models and tools have played different roles
in the various case studies. In some case
studies models have been the central tool for
analysis, in other cases prototypes of games
and tools have been demonstrated to and
even developed with potential users, or
insights about stakeholder preferences have
been used to tune new tools. An important
insight gained by applying models in the case
studies was that it helped the modelers to
be explicit and think again about the under-
lying model assumptions. Team members
have learned that it is not an easy task to
adapt models for specific questions without
challenging assumptions and model struc-
tures. And it is hard to change anything
during a short-term process (in this case a
research project): model development is a
large investment which requires planning
ahead. Finally, there was learning about
needed improvements of methods and tools
for ISA. This includes, for example, explicitly

representing or managing trade-offs, uncer-
tainty analysis, modelling social dynamics,
linking intensive and extensive participatory
methods.

Evaluation and Learning in ISA

Previous experience shows that learning in
assessment processes can range from simple
learning in which new knowledge is ab-
sorbed through error correction, through

more advanced learning in which underlying
objectives,valuesand normsare also modified
as new knowledge becomes available, to
more advanced ‘learning to learn’.

Within the ISA concept, evaluation and learn-
ing are an explicit step in the assessment cy-
cle. All sustainability assessment processes
seek to generate and integrate information.
The purpose of those forms of sustainability
assessment most routinely used to support
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policy making is to develop evidence for im-
mediate instrumental purposes, such as to
screen policy alternatives for unintentional
impacts. ISA distinguishes itself from those
forms of assessment in its purpose to develop
insights able to promote conceptual learning,
reframing and other transformative outcomes.

ISA is designed as a participatory process
through which participants gain insights, on
the one hand, into the nature of con-
textspecific problems of sustainable de-
velopment and how these are embedded in
the broader social-ecological system. On the
otherhanditfocuses ondifferent perspectives
on these problems, including how issues (and
solution possibilities) are framed presently.
Whereas other sustainability assessment
processes focus on projecting the impacts of
proposed undertakings, ISA is more con-
cerned withimproving understandingamong
all those engaged in the assessment process
about

« key relationships in the social-ecological
system and how they relate to sustainability
(sustainability learning);

+ how issues are framed by different stake-
holders and how these framings relate to
the possibilities to resolve persistent pro-
blems of unsustainable development (so-
cial learning); and

+ designing pathways toward more sustain-
able futures (transition learning).
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Of critical importance is that ‘sustainability
learning’ takes place through a participatory
process of social learning so that it includes
learning about (and reflection on) one’s own
understanding, perspectives on and framing
of theissues as well as others'understandings,
perspectives and framings. This is needed in
order to establish shared visions of desirable
futures and to provoke a process of social
capital building around the exploration of
pathways toward these, which is needed for
“transition learning’.

However, there is another reason why learn-
ing and evaluation are essential in ISA.
Perhaps one of the most important insights
about ISA is that any specific ISA application
will need to be tailored to its context of
application. Both in the development of the
general elements of the ISA approach and in
customising ISA to the specifics of a particular
application, ISA calls for a process of co-
development of methods and tools involving
mutual learning among those developing
methods and tools and those using them. By
implication the development of ISA methods
and tools will have to be achieved through an
adaptive ‘learning-by-doing’ approach invol-
ving interplay between tool developers and
users supported by evaluation.

Evaluation will necessarily involve the stake-
holders, since it is their experiences as users

of the methods and tools and their insights
into their ‘fitness-for-purpose’ that are
needed to support adjustment and corrective
action.
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Available at: www.matisse-project.net
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Key Findings

Policy making within the European Union
andinmanyotherjurisdictionsischaracterised
by the coexistence of several different policy
agendas, which are reconciled at the oper-
ational level for each individual policy procy
Impact Assessment (IA) process to highlight
spill-over effects and policy conflicts. By con-
trast, ISA is a process that seeks ways of re-
conciling different agendas and concerns at a
higher strategic level. This has the potential to
reduce conflicts and open new development
opportunities at all levels of policy-making.
ISA at a strategic level and more routine insti-
tutionalised processes of sustainability assess-
ment at operational levels are therefore po-
tentially complementary processes.

ISA is a process for structuring dialogue and
analysis about how to make progress towards
sustainable development. It is appropriate
for dealing with persistent problems, but not
for all policy areas. Using an ISA process can
help make policy interlinkages transparent
and support the identification of win-win
strategies.

The process can also stimulate actors from
mainstream policy areas to consider potential
niche developments. ISA enhances under-
standing of the complexity of (un)sustain-
ability issues as well as the barriers to moving
towards sustainability. ISA may not provide
instant results in shifting policy onto a more

sustainable track. But the broader, exploratory
approach of ISA, the way the process is used
and the context within which it is applied, are
likely to find resonance in areas where there
are persistent problems of unsustainability
(e.g. energy, transport, agriculture). Following
this approach, the ISA process adds to the pool
of longer-term knowledge, builds relation-
ships of trust among influential stakeholders,
and potentially can create a fresh way of policy
comprehension. The ISA approach also has the
overall ambition to enhance social learning.

Achieving a greater shift towards sustainable
development depends on establishing an in-
terpretation or interpretations of sustain-
ability in a given context using concepts such
as stocks, flows and thresholds, including
reflection on what to avoid as well as what to
seek to attain. The relevant relationships,
interdependencies and uncertainties can be
revealed, explored and anticipated through
an ISA process. These measures cover the en-
vironmental, social and economic domains.

The ISA process explores development path-
ways and agency and exposes synergies and
trade-offs among multiple objectives, actions,
stakeholders, time horizons and places. The
process also supports the identification and
mapping out of fundamentally conflicting
worldviews on sustainable development. ISA
can therefore be used to ensure that decision-

making promotes viable, effective and accept-
able measures, avoiding unnecessary policy
conflicts and reducing problem shifting.

Integrated models exploring sustainability
transitions and most economic models add-
ress different needs. Most macro-economic
models are rooted in equilibrium approaches
and rational actor thinking, while integrated
sustainability models focus on interactions
among agents and behaviours that reflect
diverse and evolving rationales. It isimportant
to understand the situations for which these
different kinds of model may be used.

A transition is about radical, structural
change achieved in incremental steps. Transi-
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tions can be represented by shifts of domi-
nance among different socio-technical
systems referred to as ‘niches’ (i.e., those sys-

tems not currently dominant) and the‘regime’

the (i.e., currently dominant system), so inte-
grated sustainability models must be able to
represent agents’ learning behaviours and
processes of cooperation and competition
between agents. Concepts and building
blocks for new methods and tools have been
developed and these provide insights into
how transitions between equilibria might be
supported and how inertias, such as path-
dependent development and technology
lock-in, might be overcome.

From the perspective of sustainability assess-
ment, it appears that the balance in invest-
ment in model development must be ad-
justed. In particular, substantial investment is
needed in the development of the next ge-
neration of integrated sustainability models
and in capacity building for modelling the
dynamics of transitions.

There is movement in the business and in-
dustry sectors as well as in civil society for
a more sustainable form of living and work-
ing. This should open up new opportunities
for ISA in the future. In turn, this should
improve the longer term prospects for in-
stitutionalised (Sustainability) Impact Assess-
ment procedures to become more effective.

48

The MATISSE Consortium

Coordination

Dutch Research Institute for Transitions, Erasmus University Rotterdam (DRIFT/EUR), Netherlands

Partners

« Cambridge Econometrics (C-ECON),
United Kingdom

« Centre de Cooperation Internationale en Recherche
Agronomique pour le Developpement (CIRAD),
France

« Centre d'Observation Economique, Chambre de
Commerce et d'Industrie de Paris (COE; CRGA;
ERASME), France

« Centre for Environmental Studies (MICLU),
Lund University, Sweden

« Charles University Environmental Center (CUEC),
Czech Republic

» Department of Ecology and Natural Resource
Management, Norwegian University of Life Science
(UMB), Norway

«+ Fraunhofer Institute Systems and Innovation Re-
search (FhG/ISI), Germany

« Faculty for Interdisciplinary Studies, Klagenfurt
University, Institute of Social Ecology (IFF), Austria

« Institute of Environmental Science and Technology,

Autonomous University of Barcelona (UAB), Spain

International Centre for Integrative Studies (ICIS),
Maastricht University, Netherlands

Institute of Communication and Computer Systems,
National Technical University of Athens (ICCS/
NTUA), Greece

Netherlands Environmental Assessment Agency
(MNP), Netherlands

Potsdam Institute for Climate Impact Research
(PIK), Germany

Regional Environmental Center for CEE (REC),
Hungary

University of Sussex, Science and Technology Policy
Research (SPRU), United Kingdom

Stockholm Environment Institute (SEl), Sweden
Sustainable Europe Research Institute (SERI),
Austria

Tyndall Centre & CSERGE, University of East Anglia
(UEA), United Kingdom

University of Durham (DUR), United Kingdom
Wuppertal Institute for Climate, Environment and
Energy (WI), Germany



AFLU
ASTRA
BA
BEV
BIF
CAP
DMI
E3ME
EEA
ETR
ETS
FCv
FS
GDP
GHG
GTAP
HANPP
HEV
HFC

ICE

Agriculture, Forestry and Land Use

Assessment of Transport Strategies (model)
British Association for the Advancement of Science
Battery electric vehicles

Biofuel vehicles

Common Agricultural Policy (EU)

Direct Material Input
Energy-Environment-Economy Model of Europe
European Environment Agency

Environmental Tax Reform

European Emission Trading Sheme

Fuel Cell Vehicle

Filling Sation

Gross Domestic Product

Greenhouse Gases

Global Trade Analysis Project (model)

Human Appropriation of Net Primary Production
Hybrid-electric vehicles

Hydrogen fuel cell vehicles

Integrated Assessment

Internal Combustion Engine

ICT
IFS
IMAGE
IPA
ISA
LPG
LPJ
MFA
NWC
NWP
PGM
PUB
R&D
RIA
SA
SIA
SLw
TMR
VAT
WM
WTO

Information and Communication Technology
Integrated Framework for Sustainability
Integrated Model to Assess the Global Environment
Integrated Policy Assessment
Integrated Sustainability Assessment
Liquified Petroleum Gas
Lund-Potsdam-Jena (model)

Material Flow Analysis

New Water Culture

National Water Plan (Spain)

Platinum Group Metals

Public transport

Research & Development

Regulatory Impact Assessment
Sustainability Assessment
Sustainability Impact Assessment

Slow modes

Total Material Requirement

Value Added Tax

World Cellular Model

World Trade Organisation
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