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What to be dealt with?

1. Motivation — Why do we need transdisciplinarity for sustainably
changing the energy systems

2. Theory

a) Transdisciplinary research and Transdisciplinary processes?
Definitions, functions, products

b) Sustain-abilities” for designing resilient Human-Environment Systems

3. Cases

(1) Missing “sustain-abilities” in the Swedish (2006) Bioethanol-"Oil Free
Society” case

(2) Appenzell-Ausserrhoden: Td-processes on sustainable energy strategies

(3) Vulnerability and Potential Assessment of the Swiss Energy System

4. Conclusions
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1. Motivation — Why do we need
transdisciplinarity for sustainably
changing the energy systems




1. Motivation — Why do we need
transdisciplinarity for sustainably
changing the energy systems

Any technological change in the 215t century
has global impacts




Times have changed:
We live in the age of the “anthropocene”

= The anthropocene
“We live in the age of the anthropocene” (Crutzen 2002). Human has
become a geological factor.
anthropocenically # anthropogenically # anthropocentrically
Holocene (1867; Greek: holos “whole” + kainos (re + ken) “new,
recent”)
Anthropocenical refers to the age of the anthropocene (contrary to
anthropogenical = anthropo- + genes; born by humans)

= Anthropocenical = shaped by the impacts of the age of
anthropocene (a historical/evolutionary perspective)
Anthropogenically = created/shaped by human
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There is “no press button” solution for
sustainable transitions

Sustainability/sustainable development is an
= ongoing inquiry

= on system limit management (avoiding “hard-landing’,
avoidable or unwanted collapses)

= in the frame of intra- and intergenerational justice

Laws, D., Scholz, R. W., Shiroyama, H., Susskind, L., Suzuki, T. & Weber O. (2004). Expert
Views on Sustainability and Technology Implementation. International Journal of
Sustainable Development and World Ecology, Vol. 11(3), pp. 247-261
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The Swedish 2006 “Oil-free society — Go for Bioethanol
case

= Sweden:
9.3 mill. inhabitants
20.3 persons per km?

= Governmental Decision

Febr. 2006: “Qil free society till 2020”
“Go for bioethanol”

Is this a feasible and sustainable decision?
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Part 2: Theory
2a. What is transdisciplinarity?

It is essentially different from
disciplinarity
and
interdisciplinarity
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Clarifying concepts: Disciplinarity,
interdisciplinarity, transdisciplinarity

= Disciplines are characterized (defined) by (i) objects and
(i1) (core) methods.
Mathematics: (i) Numbers, symbols (ii) proof

Pharmacy: (i) chemical impacts on diseases, (ii) natural science
experiments

* Interdisciplinarity is established by the fusion of
concepts or methods from different disciplines
The saxophone emerged from clarinet and trumpet
Bio-chemistry: Chemical processes in living organisms

= Transdisciplinarity is essentially different from
interdisciplinarity!
Not our definition: “A transdisciplinary approach dissolves boundaries
between disciplines” nttp://en.wikipedia.org/wiki/Interdisciplinary#Transdisciplinarity, Jan. 14th, 2006
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Definitions of transdisciplinarity

(see Scholz, R. W. (2011). Environmental Literacy in Science and Society: From Knowledge to Decisions.
Cambridge: Cambridge University , p. 367)

1. Mode 1 transdisciplinarity: Science becomes transdsiciplinary if it
reflects on real life problems wittelstrass, 1996)

(2. Zurich 2000 definition: Cooperation between non-academia and R
science (with different reference systems); co-leadership; mutual
learning (on equal footing); knowledge integration (scholz 2000, Haberi et al. 2001,

\ [Gibbons et al. 1994]) Y

3. Post modern conception: Similar to the Zirich 2000 definition; but
science just becomes one voice/vote, approaching truth in complex
contextualized settings becomes obsolete (Funtowicz & Ravetz, 2008)

4. Charter of transdisciplinarity: Td requires a personal moral
commitment “challenging that the dignity of the human being is of both
planetary and cosmic dimensions.” (Freitas et al. 1994; Nicolescu, 2002)
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Zurich 2000 definition

= From a research perspective, transdisciplinarity

(Thompson Klein et al. 2001)
Organizes processes of mutual learning among science and society

Is an appropriate “research paradigm that better reflects the
complexity and multidimensionality of sustainability” (martens, 2005)

Integrates knowledge and values (e.g. what questions to be
answered) from society in research

* Transdisciplinarity has been declared as the appropriate
methodology by which a sustainable development should be
Investigated and promoted (schoiz & marks 2001)
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Our understanding (Zurich 2000 definition) of
transdisciplinarity

= Going beyond sciences

= Aspires efficient use of knowledge available (capacity building,
Thompson-Klein et al. 2000) DY relating different epistemics (scholz et al. 2006)

= Asks for integrating knowledge and values from practice in
science (from a science perspective; Scholz, 2000)

" Includes certain elements of participatory research (those
where knowledge integration, processes on equal eye level
and co-leadership are included)

* Means doing applied research in theory-practice discourses
with equal rights (no contract research, only sponsoring)

= |t is a 215t century variant of the ,traditional engineer
mission” (building energy systems # anticipating impacts of
energy systems)
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What are transdisciplinary processes?

They differ from other types of theory practice
cooperation?

They have functions and outcomes
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lllustrating Public Participation
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lllustrating Shallow Action Research
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lllustrating Participatory Research of Public at Large
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lllustrating Transdisciplinarity
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Td-processes? Td case studies? How
do they look like?

They establish
mutual learning between
science and society
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Case type I: Sustainable transitions of rural
areas, regional development

u Yea r: 2 O O 1 _2 O O 3 Landschaftsnutzung fir die Zukunft

= Case: Canton Appenzell
Ausserrhoden

= Topic: Sustainable /and-
scape development, future
of traditional industries
(textile industry, sawing
mills, milk industry)

= No. of inhabitants: 50,000
= Size: 242 km?

Der Fall Appenzell
Ausserrhoden
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Institutionalized collaboration between research
and society on all levels

University
TCS

Co-Lead
Prof: ETH & Head of cantonal administration

Scientific
mentors Men}b_elrs o_f the cantonal

A1) [Ial10

entatives of industry
. ‘ esentatives of financial institutior
» Prof. for manufacturing automati ) resentatives of NGOs
-etc.

eference group:
e Dairy farming
Stakeholders

Reference group:
= Wood industry
Stakeholders

Reference group:
e Textile industry
Stakeholders

Environmental sciences, ETH, REf&:‘l'E].l(‘E o
= Regional economy

Polytechnics, Universities, o . Staleholders
national and international = '
partners, etc.

(Source: Scholz et al., 2006)
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Case type ll: Sustainable transitions of urban
systems

= Year: 2003-2005
= (Case: City of Basel

= Topic: Leisure mobility,
Railways station dynamics Fi s Bahohife n der

Stadt Basel

= No. of inhabitants

Basel: 180,000

Region: 500,000-750,000
= Size

Basel: 37 km?

Region: 560-2,000 km?2
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Case type lll: Sustainable transitions of
organizations (e.g. companies)

] Year: 1999_2000 Okoeffizientes Handeln der SBB
= Case: Swiss Railway Schiene Schweiz
Company (SBB) e 5 ./”‘o CEZ

= Topic: Eco-efficiency,
cargo transportation

= No. of employees: 30,000
= Length of railways: 3,000 km

2011-9-14
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Case type IV: Sustainable transitions of policy
processes (“decision spaces”)

= Year: 2006—2008 :  ETH-UNS

= (Case: Decision processes for SR e D
nuclear waste repositories .
(Wellenberg NW; Switzerland, L
Sweden) . Geseltsehaft ETH-UNS

,.=;aradti‘5a‘1‘!_(t|ve, A

= 7 CH and 9 Sweden million ;“”"“"&,i“, Entscheidungsprozesse
. . BE 5 ;-;/55 Wellenberg
| n h a b |‘ta n ‘tS e Lagerung radioaktiver Abfalle in der Schweiz

= Topic: Radioactive waste
management
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Case type IV: Sustainable transitions of policy
processes (“decision spaces”)

= Year: 2006—-2008 ; NETHUNS
= Case: Decision processes for e N
nuclear waste repositories .
(Wellenberg NW; Switzerland, s, A
Sweden) . Geseltsehaft ETH-UNS
,f:«radri‘si!_(tlve, A
= 7 and 9 million inhabitants AR 4 Entscheidungsprozesse
. ] ] BE 5 ;-;/55 Wellenberg “ |
u Toplc: Radloactlve WaSte W8 Lagerung radioaktiver Abfalle in der Schweiz
management
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Case type V: Global TraPs —
Global Transdisciplinary processes on
biogeochemical (phosphorus) cycle management

Phosphorus flows 2002 |, === Sosmmt.

= Year: 2010-2015 f
= Case: Phosphorus in fertilizer ,l...l
and other products (detergents | | |

and industrial production)

= 7.8 billion people
] . Current and Projected U.S. Mine
= Topics: Sustainable P use Production Capacity
Pollutant vs. scarcity, closing

fertilizer loops, “getting access to . |
P” (social justice), ... | {

2005 2010 2015 2020 2025 2030

w Sources: IFA and Mosaic Co.

50 5
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Case type VI:

Intercultural transdisciplinary process on
“cancer” (how to normal cells interact with
cancer cells)

= Year: 2010-2019

= (Case: Cancer in the “reconstruction” of
the Ancient council of Guatemalian
Elder and of the current oncology <’
theories” e ol B

= About 5 million Mayas (x traditional
ones; y oncologists)

= Topic: What knowledge to the two
knowledge systems have; how can a
transdisciplinary process help to relate
these knowledge systems

e DA
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Transdisciplinary Case Studies in ...

Switzerland Sweden Austria Germany

THE D)

RIVER CITY

Ny
. 2050 ;
(

From 1993-2010 we have conducted/participated in 25+
large scale transdisciplinary case studies
in Switzerland, Sweden, Germany, Austria, Seychelles, Bhutan
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Products and functions of
transdisciplinarity

Td processes provide ,socially robust
solutions® (robust orientations) for sustainable
transitions
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Products and functions

Td-Processes (according to the Zurich 2000 definition)

=Organize processes of mutual learning between theory and
practice

=Serve for
@ Capacity building
@ Consensus building
@ Mediation
@ Legitimization
*Provide socially robust orientations (“socially robust solutions™)

Scholz, R. W. (2011). Environmental Literacy in Science and Society: From Knowledge to Decisions.
Cambridge: Cambridge University Press, Chapter 15
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What are ,,socially robust solutions“ (robust orientations)?

A ‘socially robust orientation’
I.  Meets science state of the art scientific knowledge

ii. Has the potential to atfract consensus, and thus must be
understandable by all stakeholder groups

lii. Acknowledges the uncertainties and incompleteness inherent in any
type of knowledge about processes of the universe

Iv. Generates processes of knowledge integration of different types of
epistemics (e.g. scientific and experiential knowledge, utilizing and
relating disciplinary knowledge from the social, natural, and
engineering sciences)

v. Considers the constraints given by the context both of generating and
utilizing knowledge.
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What | do not show today
(in depth)

The methodology of td

There are about 15
methods for

-Case representation
- Case definition

- Case transition

- Case study team
preparation

methods

Scholz, R. W. & Tietje, O. (2002).
Embedded Case Study Methods:
Integrating Quantitative and Qualitative
Knowledge. Thousand Oaks: Sage.

Fmoeaded
Ca QUAN u

Roland \W. Scholz
Olaf Tietje




2b. Sustain-abilities”
for designing resilient
Human-Environment Systems




| do not introduce the
theory of coupled
Human-Environment
Systems

But | use the conclusions

of Chapter 20 of this
book
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Scholz, R. W. (2011). Environmental
Literacy in Science and Society: From
Knowledge to Decisions. Cambridge:
Cambridge University Press.

Environmental SEES
Literacy in oy
Science

and Society

From Knowledge to Decisions ~ Eagi
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Td-processes should serve to develop capabilities
— i.e. “Sustain-abilities” — to better understand transitions
of complex Human-Environment Systems

(The “sustain-abilities” S-As are based on a theory of HES)

S-A1

S-A2

S-A3

S-A4

S-AS5

S-A6
S-A7
S-A8

2011-9-14

Properly reading the environmental potential
Recognizing tipping points

Identifying and coping with tradeoffs (interferences) within and
between human systems (of one of the same or of different hierarchy
levels)

Anticipating and coping with rebound (adverse secondary/higher ordered
rebound effects)

Designing and realizing resilient HES systems (in the sense of specified
and general resilience)

Problem definition and system representation ability
Establishing inter- and intergenerational justice

Utilizing the potential complementarity of different knowledge systems
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Part 3 — Td processes

(1) “Sustain-abilities” in the Swedish (2006)
Bioethanol-"Oil Free Society” case

(2) Appenzell-Ausserrhoden: Td-processes
on sustainable energy strategies

(3) Vulnerability and Potential Assessment
of the Swiss Energy System
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(1) Missing “sustain-abilities”
in the Swedish (2006) Bioethanol-
”0il Free Society” case
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The Swedish 2006 “Oil-free society — Go for BioethanolE
case

= Sweden:
9.3 mill. inhabitants

20.3 persons per km?
9.3 mill. inhabitants

= Governmental Decision

Febr. 2006: “Qil free society til 2020”
Go for bioethanol (the Brazil/US case)

The Guiding Question of an analysis
“Is Sweden’s decision to push bioethanol E85 as vehicle
fuel nationally and internationally sustainable?”

Scholz, R. W. (2011). Environmental Literacy in Science and Society: From Knowledge
to Decisions. Cambridge: Cambridge University Press, Chapter 18.3
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Some facts

= Energy makes 61% of global manmade greenhouse emissions, vehicle fuel
make 22% (in EU 31%)[2000]

=  Worldwide, biomass and waste account to 10-11% of worldwide energy
productionlFAO. 2008] ' 29, of these 10-11% (0.2% in total) is liquid fuel, [makes
1% of all arable land]; extending Brazil's production by factor 10 makes 10% of
world’s gasoline use; if we take all “bioethanol plants of the world” (= 42% of all
cropland this would make 57%

= Total global photosynthesis produces about 7.5 times of the primary energy
demand of 420 exajoules; plants make 1100 exajoules

= Bioethanol make 80% of biofuel worldwide!2008]

= |n Sweden, 2.5 TWh of the 4.4 TWh renewable energy was ethanol-based;
however 50% of the 2.5 TWh were imported from Brazill2008]

= 2" generation (“cellulose based”) bioethanol only produced on a pilot site level

= Scenario-based calculation shows that (even for Sweden) with an Extreme
Reduction Scenario of the 96 TWh for Swedish transportation p.a. only 65%
could be covered by biofuel/agrofuel
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Learning from history ...
Energy: Biofuels from forests

1 2
w o Society / Nation state _| Oil free society
i Bon SWEDEN (Government) till 2020

1 Human system /
Decision maker

2 Obectives /
Drivers

3 Alternatives /
Options /
Strategies

4 Side effects /
Secondary feedback loops /
Rebound effects
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Learning from history
Energy: Biofuels from forests

1 2
w o Society / Nation state _| Oil free society
i Bon SWEDEN (Government) till 2020
v I '
3& Alternatives constructed for
Vi

ehiclefueD_CElectricity ) ( Heating

1 Human system /
Decision maker

2 Obectives /
Drivers

3 Alternatives /
Options /
Strategies

4 Side effects /
Secondary feedback loops /
Rebound effects
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Learning from history (iii)
Energy: Biofuels from forests

1 2
w o Society / Nation state _| Oil free society
i Bon SWEDEN (Government) till 2020

' l '
3& Alternatives constructed for
Vi

ehicle fueD_CElectricity ) ( Heating
1 Human system / \—_l_l
Decision maker ¥ v ¥ .

Drivers

3 Alternatives /
Options /
Strategies

4 Side effects /
Secondary feedback loops /
Rebound effects
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Learning from history (iii)
Energy: Biofuels from forests

Problem: ”"Peak oil”

1 Human system /
Decision maker

2 Obectives /
Drivers

3 Alternatives /
Options /
Strategies

4 Side effects /

Secondary feedback loops /
Rebound effects
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1 2
Society / Nation state _| Oil free society
SWEDEN (Government) till 2020

{

}

Alternatives constructed for 3

Incentives

3
VehiclefueD_CElectricity ) ( Heating

@ebate system for bio fueD

¥ v
I [T e
'

—= T 1]

]

3

1 - Build Chemrec and
Market actors / Companies g dibier biosethianol sitas

v

mmma Car purchase

Prof. Roland W. Scholz, Natural and Social Science Interface

44



Learning from history (iii)
Energy: Biofuels from forests

Problem: ”"Peak oil”

1 2
Society / Nation state _| Oil free society
SWEDEN (Government) till 2020

| / '
3 Alternatives constructed for 3 Incentives
Vehicle fueD_CElectricity ) ( Heating @ebate system for bio fueD

]

1 Human system /
Decision maker T
2 Obectives / n Solar cells H

Drivers i
1 Build Chemrec and
3 Alternatives / MJEkel aCtors JCampanics other bio-ethanol sites _’

Options /

4 Side effects /
Secondary feedback loops /

) ] |
Rebound effects wheat I ¢ Scandma\nan "Brazil” African
ca gicoti pme Eucalyptus | Mahagoni
| | |
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Learning from history (iii)
Energy: Biofuels from forests

1 2
w o Society / Nation state _| Oil free society
i Bon SWEDEN (Government) till 2020

| / '
3 Alternatives constructed for 3 Incentives
Vehicle fueD_CElectricity ) ( Heating @ebate system for bio fueD

]

1 Human system /
Decision maker ¥ 1 l,
Bio fuel j§ Solar cells H
2 Obectives / n -

Drivers i
1 Build Chemrec and -
3 Alternatives / MJEkel aCtors JCampanics other bio-ethanol sites | Car purchase

Options /

4 Side effects /
Secondary feedback loops /

v
Rebound effects h Scandma\nan "Brazil” Afrlcan
Wheat § Corn pme Eucaiyptus Mahagom
k Trade-off with food / Trade-off W|th pulp paper/ /
/ fuel / etc. market construction material / furniture / heating
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Lessons learned: Presumably, some “sustain-abilities”
have been missing

S-A1

A-A2

S-A3

S-Ad

S-AS5
S-A6

S-A7
S-A 8

2011-9-14

Properly reading the environmental potential (What may we
get 10%, 50%, 90% on the world level for ...)

Recognizing tipping points (At what level does biofuel
production harm ecosystems, food security, ... ?)

Identifying and coping with tradeoffs (interferences) within
and between human systems

Anticipating and coping with rebound (What rebound effects
have to be considered from biofuel imports from the South?)

Designing and realizing resilient HES systems

Problem definition and system representation ability (Is the
goal “Oil free till 2020”/”Go for bioethanol” a proper goal?)

Establishing inter- and intragenerational justice

Utilizing the potential complementarity of different knowledge
systems (Can transdisciplinary processes do better?)
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An additional remark

= Biofuel is not renewable as the nutrients (phosphorus
[rocks] as a finite nutrient [resource] used in agro-based
and forest-based) biofuel production is “not renewable

And a conclusion

= The Swedish could have done better with a
transdisciplinary process (but it is an ongoing inquiry)

2011-9-14
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(2) Appenzell-Ausserrhoden:
Td-processes on
sustainable cantonal energy strategies
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Evaluating Energy Strategies of a Canton

= Appenzell Ausserrhoden:
242 km?, 20 communities, 53,500 inhabitants

= The Cantonal Energy Strategy

= Guiding Question:
“How we should housholds, industry and utilities adapt in
the next 10 years with respect to energy?
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Intense Cooperation with many local key agents

Steering boards
= Hans Bruderer, Ralph Boltshauser & Olivier Brenner, Amt fir Umwelt, co-leader

= Karin Jung, Leiterin Amt fur Wirtschaft, deputy-co-leader

= Bruno Eigenmann, Prasident Verein Energie AR

= Thomas Klingele, Elektro Speicher-Trogen AG

= Peter Langenauer, Gemeindeprasident Speicher

= |ngeborg Schmid-Huser, Gemeindeprésidentin Bihler

= Jens Weber, Gemeinderat Trogen

Many further key actors involved

= Exekutive, Amter, Haushalte, Gewerbe, Energieberater, Energieunternehmer,

Umwelt- und Naturschutzorganisationen, usw.
Co-Leitung Prof. Scholz & Hans Bruderer, Leiter AFU




Organization of the Case Study

Hochschule

ETH-UNS Fallstudie

Co-Leitung
Prof.R.W. Scholz & H. Bruderer/K.Jung

M. Stauffac

Manaﬁement
er/C. Bening

Begleitgruppe (Td Board)

Roland W. Scholz, ETH-NSSI
Michael Stauffacher, ETH-NSSI
Yann Blumer, ETH-NSSI
Catharina Bening, ETH-ClimPol
Dominik Saner, ETH-ESD

Joérn Hoppmann, ETH-SusTec

H. Bruderer/R. Boltshauser/O. Brenner/K.Jung (Kanton AR)
T.Klingele (Elektro Speicher-Trogen AG)
P.Langenauer (Gemeindeprasident Speicher)
I. Schmid-Huser (Gemeindeprasidentin Biihler)
B. Eigenmann (Verein Energie AR)
J.Weber (Gemeinderat Trogen)

D-UWIS, ETH,
Fachhochschulen,
Universitaten,
nationale und
internationale
Partner

Energieversorgungsunternehmen

Y. Blumer (Tutor)

Gewerbe & Industrie

J.Hoppmann, E. Friedrich

(Tutoren) & Studierende R.Schldpfer, GV Trogen
H.Nigg, Oberforstamt
Haushalte u.a.m.

Studierende M. David, (SAK)
G.Schar, schar energie

F. Stricker, Kantonsrat

D. Saner (Tutor)
Studierende
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18 Studierende aus 6 verschiedenen Landern
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Ausgangslage:

Energiefliisse in Urnasch

Herkunft

Ausserhalb
Schweiz

Ol (Heizol)
24’664 MWh

497 MWh

Import
4’069 MWh

Nuklear: 61%
Ubrige: 39%

~ Grundlage: Masterarbeit Paulo Morais
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CH ausserhalb
Urndsch

Import

4’322 MWh

Nuklear: 56%

Wasser:
Abfall:

Innerhalb
Urndsch

0.9% Gas ‘\

Holz

16’458 MWh

Erdwdrme >——
Solar }——

Wind >
Wasser .

Fernwirme (WVU)
97 MWh

Fernwirme (WVU)
5’059 MWh

29.1% Holz

2.9%
Erneuerbar

8.7% Wasser

14.8%

Elektr. Import

Kleine Feuerungen
19178 MWh

Kleine Feuerungen
472 MWh

Fernleitungs-
netz

Kleine Feuerungen
6’960 MWh

Wirmepumpe

1556 MWh

Solar Kollektoren
66 MWh

Solar Photovoltaik
7.7 MWh

Windkraft
1.2 MWh

Elektrizitats-
netz

D Priméarenergie
D Energieproduktion
D Verteilungsnetz
j Verluste

Y,

___//

Endenergieverbrauch 2008

45716 MWh

Warme: 32'256 MWh
Elektrizitdt: 13’006 MWh

~ &

Haushalte
64%

Warme: 24’023 MWh
Elektrizitdt: 5’o41 MWh

%V

Verwaltung und
Dienstleistungen

25%

Warme: 7283 MWh
Elektrizitat: 4105 MWh

71
v

Industrie (ohne grosse
Industriebetriebe)
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More than half of the houses have been built before 1919

Weniger, aber altere Hauser in den Streusiedlungen

.
.

23% 22% 17% | |

Kern' : | : I .<1919
siedlungen _ B 1919-1980

[ |>1980

Streu-
siedlungen TN
=

27% 7%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Master-Thesis von Matthias Schlegel, 2010



Houses In dispersed settlements use wood
others primarily oil

Fossile Zentralheizungen und Holz-Einzel6fen vorherrschend

2% - 76% . 5%, 5% 1% 10%
Kern- ﬁ : : : 'i : : : lwl:i:l(-li
siedlungen
2% 34% : 36% 19% 2% 7%
| |
siedlungen | o
2% 60% | . 17% 1 10% 2% 9%
Ganzer g g : I : : : :| : | ‘ |
Kantonp : : _-:I- : :

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Fossil - Einzelofenheizung [ Fossil - Warmeverteilsystem
B Holz - Einzelofenheizung [] Holz — Warmeverteilsystem

B Andere - Einzelofenheizung [ Andere — Warmeverteilsystem

Quelle: Master-Arbeit von Matthias Schlegel, 2010



Heatpumps are coming (the blue stacks)
Oil is disappearing from heating (in 2010 only one new

building asked for oil heating permission)

Klar ersichtliche Hauptverbreitung der Energietrager nach Bauperiode

JEEEEENN

100%

40%

0% -

< 1919 1946 1951 1971 1981 1986 1991 1996 2001 2006
1919 -1945 -1950 -1970 -1980 -1985 -1990 -1995 -2000 -2005 -2010

B Erdol [ ] Erdgas [ ] Elektroheizung ] Holz
B Warmepumpe B Fernwarme [ ] Andere

Quelle: Master-Arbeit von Matthias Schlegel, 2010



Heating nergy per square meter since 1980 got halved.
This works one more!

Energiebedarf pro Wohnflache von Neubauten seit 1980 halbiert

140
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100
80
60
40
20

-
-
o
N
I
O
°))
(o))
—

Jahrlicher Heizenergiebedarf
2006-2010

pro Wohnflache [kWh/(m?-a)]

-
o

0 0.5 1.0 1.5 2.0 2.5
Kumulierte beheizte Wohnflache [Millionen m?]

Quelle: Master-Arbeit von Matthias Schlegel, 2010



Methods

= Energy flow-models
= Data mining related to census, interviews of household data

= Social science methods for entrepreneurial strategies 44 firms (Conjoint
Analysen), surveys

= Formative Scenario Analysis to assess the robustness of cantonal strategies

2011-9-14 Prof. Roland W. Scholz, Natural and Social Science Interface



What has been learned

= Capacity Building:
Energy strategies are needed on national, state/cantonal, community
and household level

= Consensus Building

Put the fossil plug out of ,heating houses/apartments®

Tradeoffs and consensus building about different visions ,2000 Watt,
1 ton CO2, Autarky, Efficiency, ,Economic/cheap electricity” etc.” are
necessary

= Mediation

There are critical tradeoffs: ,cultural heritage” vs. Solar/energy
efficiency

= Legitimization
People have trust in results from transdisciplinary processes
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Outcomes

= Keep regional utilities (energy producers and providers)

= Consensus about ,no oil in houses"

= Develop strategies not only from a house (technical side)
but also from as human (house-owner/household side)

= Using renewable energy potentials
Water
Wind
Solar (PV & Thermal)
Thermal (Heat pump & enhanced thermal
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Gabris (Gais), 1921
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(3) Vulnerability and Potential
Assessment of the Swiss
Energy System
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Assessing the vulnerability (supply-security)
of the Swiss energy system

= The problem:

To avoid “hard landing”, the (change) of vulnerability of energy
systems should be measured, monitored and communicated

= The guiding question
How can we measure the energy supply security of CH-quantitatively

Wie kann die Energieversorgungssicherheit der Schweiz quantitativ
beurteilt werden?

= The goal

Establish a high quality transdisciplinary process (transdisciplinary
think tank) involving key actors of the energy supply-demand chain
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TD Processes in the Domain of Energy at NSSI:
an overview

°
Science Umbrella project “NAWE”
(sustainability competition of energy systems)
Co-lead
Prof. R. W. Scholz (ETH) P. Previdioli & Ch. Schaffner (BFE)
Advisory Board/Project Partners
Prof. M. Siegrist (ETH, D-AGRL) Swiss Federal Office of Energy (BFE/SFOE)
Prof. W. Kréger (ETH, D-MAVT) Erdalvereinigung Schweiz
Swissnuclear
Prof. K. Boulouchos (ETH, D'MAVT) Wasserwirtschaftsverband
Prof. H. Prasser (ETH, D-MAVT) Verband der Schweizerischen Gasindustrie
Swisselectric
Prof. G. Andersson (ETH, D-ITET) Swissgrid
Dr.S. Hirschberg (PSI) Agentur flir erneuerbare Energien und Energieeffizienz

Vulnerability- and Potential Analysis of the Swiss Energy System (VPA)
R. W. Scholz, A. Sporri (ETH-NSSI) BFE/SFOE

Long-Term-Transition Energy System Canton Zurich (LATRA)
R. W. Scholz, Th. Flueler (ETH-NSSI) AWEL

Integrated Energy Strategies for Cantons/Communities
R. W. Scholz, M. Stauffacher (ETH-NSSI) Canton AR

Development of Energy Strategies for Rural Communities (ClimPol)
R. W. Scholz (ETH-NSSI), C. Bening (ETH-CCES) Canton AR

Radioactive waste management in Switzerland (RadWaste)

R. W. Scholz, M. Stauffacher (ETH-NSSI) swissnuclear
Sustainable Mobility Laboratory (NAMO)
ETH, colleges, R. W. Scholz, M. Stauffacher (ETH-NSSI) Auto Schweiz
universities -
bationalang Security of Gas
international R. W. Scholz (ETH-NSSI) EGO
partners
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Practice members of the TD Board

Invited organitzations Aspect of energy system covered

Erdélvereinigung Schweiz Oil
Swissnuclear Nuclear energy
Wasserwirtschaftsverband Hydropower

Verband der Schweizerischen Gas
Gasindustrie

Swisselectric Electricity producers
Swissgrid Electricity grid operator
Agentur far erneuerbare Renewables

Energien und Energieeffizienz

BA flr Wirtschaftliche
Landesversorgung/ BA flr Federal offices
Bevoélkerungsschutz und Sport
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The Swiss Energy System (BFE Perspective)

Fig. 5 Detailliertes Energieflussdiagramm der Schweiz 2010 (in TJ)
Flux énergétique détaillé de la Suisse en 2010 (en TJ)
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The basic model of the Swiss Energy System (primary
energy bound, supply-demand driven)

Ressourcen Energiegewinnung Energieumwandlung, Transport und Speicherung
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Measuring the vulnerability by

- stress tests _ What flexibility/adaptability
- (structural) robustness analysis does the supply chain have?

in transdisciplinary discourses

Energie- End- Energie- Energie-
Stoérungen Ressourcen versorgungskette energie dienstleistung verbraucher

11/ ’ Industrie & [l
& M% D Gas Warme Gewerbe  (SNRE
C= s * Raumwarme

AL I;slb Treibstoffe * Prozess-
A “‘ - Elektrizitét warme Haushate (0

Warme Arbeit

IR
i ... « Mobilitat
() Y e e B
i & e A Dienstleister | P{

Versorgungsketten-
Perspektive

What categories (natural hazards, What structural properties
terroristic attacs, wars, ...) and (bottlenecks, missing reduncancy,
what elements must be considers ...) should be measured how?

as risk/disturbance agents?
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The Swiss Energy System (VPA Perspective)

Ressourcen Energiegewinnung Energieumwandlung, Transport und Speicherung
Ol- : ] -
- | Olférderung | . | Raffinerien
Global Global . . CH . o .
...| Raffinerien ] __| Ip:‘:dukte- |
T w | o |
—I— —_ Arbeit Sektoren
errme | e (3e3—1» Mobilitit
en » férderung =——— = : e Haushalte
EU EU Gas- | | Gas- : -
i — verteilnetz - »- verteilnetz : -
Gas- | | Gas- EU |  «cH : = Eém..’;“;e
ressourcen —p= férderung . 5 Eriahet -
Global | | Global Lic Industrie
), ) y A
Kohle- Kohle- | Gas- | Bl- | j
en | forderung ———— kraftwerk — kraftwerk T : _ . Gewerbe
Global Global EU EU g o | Raumwarme
St -{-------# Erneuerbare :
Potential H Kohle- . CH >
Erneuerbare r------=sremmmemrenanandt kraftwerk 4 : L Prg_zess- Landwirt-
CH EU : wdrme
Stromnetz | .~ T———y . | Stromnetz Lo Stromnetz | : schaft
O e EU S J 7| CH(Input) CH (Output) .
Hydro- Wasser- — Wirme
potential Kraftwerk
L EU EU P b e Wasserkraft
Speicher
Potential Konversion --* Nukiear- CH
Erneuerbare ---------------------- 3 Erneuerbare s |
EU Europa EU
Substitutionsméglichkeit Primarenergie
Uran- Uranium Nuklear- Al oL
ressourcen —>  Mining slictac O Kurzfristig (Tage-Monate) UGas
Global Global CH (O Mmittelfristig (Monate-Jahre) [ Kohle
: ---- Langfristig (Jahre-Jahrzehnte) || Hydro
Hydro- o |  Wasser- Uran
potential CH * | kraftwerk CH Erneuerbare

2011-9-14 Prof. Roland W. Scholz, Natural and Social Science Interface




The Td process of VPA (Overview)

. process

.................... = \ t Research

.,

S<_p

Stakeholdes

(Energy Industry) ...................
" Decision
@ Request for process

stakeholders’ support

@ Joint renaider e
problem definition ptakeholder activties)

3 Problem Establishment of Td board
representation Meeting 1: kick-off

M2: Validation of 15t results, inputs for synthesis
M3: Synthesis, validation of results (“reality check”)
M4: Periodic re-evaluation of situation (decision in M3)

aooo®
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The Swiss Energy System (VPA Perspective)
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The next steps (starting the td discourse)
Consensus about the

- goal of the project ( V)

- system representation

- definition of the vulnerability indicators

- risk/disturbance agents (V)

- policy options

will be attained in a transdisciplinary (precompetetive, non-
day to day politicized) discourse forum
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General conclusions
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Conclusions

2011-9-14

Transdisciplinarity in the terms of the Zirich 2000 definition has
become a third mode of scientific research and activity supplementing
disciplinarity and interdisciplinarity

There are a large number of successful transdisciplinary projects in
which a mutual learning between science and society took place

Developing “socially robust solutions/orientations” for resilient human-
environment systems is the key challenge for the transitioning towards
sustainable energy systems; this is not a mere not a mere technical
issue and asks indispensably for Td-processes relying on different
types of epistemics
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Thank you for your attention!
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Two major sources: A method and a theory book

Scholz, R. W. & Tietje, O. (2002). Scholz, R. W. (2011). Environmental
Embedded Case Study Methods: Literacy in Science and Society: From
Integrating Quantitative and Qualitative Knowledge to Decisions. Cambridge:
Knowledge. Thousand Oaks: Sage. Cambridge University Press.

Environmental ®
Literacy in
Embeddgd i Science

IN
Qs ; and Society

tuay ¢
etf?é)ds‘

From Knowledge to Decisions

Roland W. Scholz

Roland W, Scholz

Olaf Tietje
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Welche Gemeinde braucht am wenigstens Energie, d.h.
ist am «energie-effizientesten»?

Bezogen auf die Wohnflache Pro Person
rot=hoch=«schlecht» rot=hoch=«schlecht»
grin=niedrig=«gut» grin=niedrig=«gut»

[kWh/m?]

[kWh/(cap - a)]

93 B 5'909 - 6'608
H96-99 B 6'951- 7'070
[1102-106 7220 -7'518
107 -108 B 7'601-7'908
109 - 1M EN3112- 8377

o 5 10 Kilometer o 5 10 Kilometer

Quelle: Master-Arbeit von Matthias Schlegel, 2010
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Some insight into methods of transdisciplinary research

Formative Scenario Analysis
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Case definition/
Goal formation

Saw mill industry

P

Appenzell
Ausser-
rhuden/_
._g':

Textile industry
AR f

Dairy farming

f
AR -

Faceting
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System Constructions of Multi-criteria Goal: Orientations for
analysis possible future assessment the Sustainability
scenarios transformation of
TN «traditional industries
4 4 in AR»
"MAUT Il
/ Agenl-
| group |
—
group 2

oy Strength and
weaknesses of
future scenarios,
Action
orientations;
Areas of
consensus and
dissent

Synthesis

N

=
| I
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The backward planning principle

Case definition/
Goal formation

Appenzell
Ausser-
rhoden .

2011-9-14

System
analysis

System model

Constructions of
possible future
scenarios

Multi-criteria
assessment

Goal:
Orientations for the
Sustainability transformation
of «saw mill industry in AR»

| MAUT I

Attention:
There are

m -
_v.. two ‘variants’

-<- of backward

/‘5‘;’ planning:

a) Project
management

b) ‘backcasting’
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Forward operating vs. backward planning

Backward Planning Forward Operating
(Start from your facet, e.g. Textile Industry)

1. Goal formation (Negotiated
between theory and practice.)

2. Faceting of the case (What 5

industries to look at?)

3. Evaluation/assessment criteria 3.

(e.g. MAUT) and assessment
procedure (Who should evaluate?)

4. Variants (What comparisons can
help to answer what question?)

5. System analysis (What impact

factors are most essential?) S.

6. System boundary definition (What
are appropriate case boundaries?)

1.

Define the system boundaries [6]

Construct a system model (e.g. by
impact factors in an FSA framework) [4]

Define variants/scenarios (e.g. by FSA)

[3]

4. Organize different evaluations (e.g. a

science/data based and a stakeholder
based) [2]

Derive orientations from the evaluations
in the facets with respect to the goal of
the case study [1]
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The ontology of sustainability studies is
(a) of an “ill-defined problem type”

Task reproductive thinking,

Initial and target state known, Initial using existing methods Target

applying of existing methods State State

Problem

Defined initial and target state, o

solution by dpassing barriers Initial Target

with old and new methods State State
Barriers

lll-defined Problem ‘e.g.
Environmental Problems)

Initial state can not be precisel "
described, target is not sufficiently |  Initial arget
known, types of barriers to be State . State
passed are not known Barriers

and

(b) includes normative issues
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Epistemology: Different spheres and different
types of knowledge have to be differentiated

Guiding Question

Understanding
(Verstehen)

Conceptualization
(Begreifen)

Analyse
(Erklaren)

Systemic sphere

 Normative sphere
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Methodology

Knowledge integration is the issue!
Methods of knowledge integration are needed for

Case representation (including case projection,
constructing scenarios)

Case evaluation (evaluation of scenarios)
Case transformation (securing that scenarios become real)

Case study team methods
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Case S’mn::lj,ur Methods

System Dynamics
Material Flux Analysis

The Four Types of Knowledge Integration

Disciplines

KT.T

XX
XX
X

Systems

X
X
XX

Modes of
Thought

X

Interests

a i 5

o )

e & T

Case representation (including case projection)

Formative Scenario .n"-"u.l"IE:I|.",f5iS

Case evaluation

Multi-Attribute Utility Theory X X X
Integrated Risk Management X | X

Life Cycle Assessment X XX

Bio-Ecological Potential Analysis XX X

Case transformation

Area Development Negotiations X X XX
Future Workshops XX X

Case study team methods

Experiential Case Encounter XX X
Synthesis Moderation | X X
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