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The Grand Challenge

Need for sustainable societal developments

Brundtland Report:

Meets the needs of the present without compromising the ability
of future generations to meet their own needs

Social

\ Bearable
ff S~ ,

Lt Environment e [ i

Generat'\ons

After Wikipedia, 2008.

At all scales - from individual stakeholders, over industries, regions, nations to
the Earth systems scale
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The Grand Challenge

Situation analysis (abridged)

Society “household” at all scales must be managed much more
efficiently:

- Resources

- Livelihoods

- Industry

- Infrastructures

- Environment

- Food

- Health

- Safety/security

This is appreciated by UN, WEF, OECD, etc. and is high on the
agenda at national governmental and executive levels throughout
the world - lately with UN’s 17 World goals for sustainable
development
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The Grand Challenge
Situation analysis (abridged)

Over the later years there has been a strong focus in society
that risk management is key in the management of societal
resources, safeguarding of societal services as well as the
qualities of the environment

At the same time the research field of sustainability has
emerged - and significantly improved insights on the effect of
human activities on the environment

Hypothesis

Sustainable societal developments at all scales would be
greatly enhanced through the availability of a fully holistic and
consistent basis and associated tools for decision support
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The Grand Challenge

Situation analysis (abridged)

e Several activities must be undertaken

- Establish a common framework for risk management and
assessment across application areas

- Join information on quantitative sustainability and risk in
support of decision making

- Provide teaching and training to students and professional

- Provide services and tools for decision support to all
stakeholders in society
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The Grand Challenge

Situation analysis (abridged)

e Several activities mu

- Establish a common framework for risk management and
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ipport of decision making
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Overall Approach

The perspective
e Human activities initiate from decisions

e Decisions may have impact on all aspects related to societal
performance as well as boundary conditions for human existence

e To the best of our understanding both the “resources” and the
“capacity” of Earth with respect to their “rearrangement”
(pressures) are limited (Planetary Boundaries)

Climate change
Biosphere Gen

integrity diversity Novel entities

Daly:

1. Limit use of all resources to rates that ultimately result in
Land-system -~ Stratospherio levels of waste that can be absorbed by the ecosystem.

e 1 3 s 2. Exploit renewable resources at rates that do not exceed the
- ability of the ecosystem to regenerate the resources.
’ 3. Deplete nonrenewable resources at rates that, as far as
Freshwater \ loadimg possible, do not exceed the rate of development of
Phptae renewable substitutes.

Nitrogen Ocean acidification m Beyond zone of uncertainty (high risk)
In zone of uncertainty (increasing risk)

O In zone
" § @ Below boundary (safe)
Biogeochemical flows @ Roundary not yet quantified

Steffen et al. 2015 ﬂ_
GDSI/

DTU Glabal Decision Support Initiative




i - =
Overall Approach o "

The perspective e m\ ,,,,,, :

e Ultimately there are no tradeoffs possible with Steffen et al. 2015
respect to decision making affecting the
pressures at global scale — besides the risk of
extinction

e At any lower scale than global there are of
course any choice of tradeoff possible — this is a
matter of optimization

e Optimization of decisions is key in the
process of “household” management

DSIA
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Decision Analysis and Risk

Good news — the basis for optimization is available

e The decision theory has been available since mid last century

e Decision theory accounting consistently for uncertainty - also
subjective - is available through Bayesian decision analysis

e The Bayesian decision analysis provides the framework for risk
informed decision support

System choice Risk Options
management decision
decision making

State of Realization of

) State of
system observations

system
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Decision Analysis and Risk

Optimization subject to constraints

Jaint
dacision meker
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/‘- x\\
Transfer of income and resources over generations of dedsion mekers
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Opt|ma| deC|S|0n p* Transfer of costs and resources over generations of decision makers

W\ e
(Reducing pressure)
pCON \
> . -
Preference conform decisions
< —p

Feasible decisions
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Decision Analysis and Risk

Generic decision models for systems

e Xposure
- /—-_--__F—-—--
el —— Exposure Event
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a h ( Event imposed consequences
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Decision Analysis and Risk

Generic decision models for systems

Models of real world Real World
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Decision Analysis and Risk

Generic decision models for systems

.

Monitor_ex...

Monitor_vuln

Monitor_ro...

ChangeEx...

(=S ‘v

Indicator_Vuln Conshtueanaulure @

ChangeRo...

Indicator_Robust @ @
Ind_Health

Ind_Emissions

hangeVuin...

DSIA
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Examples

PuUsiness interruption

Raw

material
supplier 1

Suppliers’

supplier Retailer 1 Customer
(tier 2)
material SL_jppller Product Wholesale
. (tier 1)
supplier 2 =
Suppliers’
supplier Retailer 2 Customer
(tier 2)
Each component in the chain )
can be seen as a system itself
= Business systems are not linear
aw e .
material and they are specific for different Retailer m Customer

supplier n types of business activities

Earth-
quake

> Tsunami

material
supply

Public
services

Draught

Industrial Political Economic
disasters instability instability
/1
< v -

resources

Direct consequence

Management,
procedures
and quality
control

Distribution

Production,
storage and
distribution
infrastructure

Indirect conseguences

DSI
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Examples

Large scale eq hazards risk management

- T -
- o= -

Satellite Observations

Airplane observations

s103e01pU|

Condilion assessment and Official/insurance data
Oplimal allocabion of resources On-site observations
for retrofting and rebulding
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Examples

Optimal wind turbine design

Constituent failure events and direct consequences

flelding Overall Stability

.001406

34.849
69.697

104.544

Condition of structure

139.392

174.24
209.087

243.935

Collapse
Production loss

Deconstruction

278.782

313.63

Follow up consequences Reconstruction

GDSIA
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Examples

Life Cycle Cost Optimization for the Farg Bridge

Pier5 & 6

DTU Global Decision Support Initiative



Examples

Design basis optimization for FPSO™ s in the GoM

oz (8ep (€)) oy €

OuplSeeoy €Y  6py € | @y 2 G

DTU Global Decision Support Initiative



Examples

RBI1 for Jacket Steel Offshore Structures

)

Welded joint
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Structural Details Database M Reliability Based Inspection
Generic Parameters: Planning:
- FDF = ...
- Thickness = ... FEEFSSFT TSI
ssroo7e [ T
sgroo79 [T T
sgr0-080 [T T
e
Cost Model: sro0us
- Cost of Failure = wom: = e e e
- Cost of Inspection = =
I T
Generic Database [ Risk Based Inspection Planning:
Probabilities:
as a function of the Generic o
Parameters: g'-
- FDF = ... . I
- Thickness = Decison model &
interpolation .
. Inspection effort
!
I
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Examples

Maintenance optimization for

Generar Archiva 8 Abrir Archivo Existente

Realizar Priorizacion

Generar Graficas

offshore facilities

Objectives

Functions

Sub-

systems
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LCA and Quantitative Sustainability

Earth's life support system

Human societies

Sustainability

| L viloninein Viable ECGHG]‘I’IEC
\\\."r..- 1‘.“"_'"

DTU Global Decision Support Initiative



Which social impacts?

- Human health
- basic needs fulfilment
- live a healthy and naturally long life

- Human dignity and well-being
- live a decent life
- enjoy social respect

- Development and productivity of society
- social capital and human capital
- social networks

- How to quantify them?
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Economic sustainability definition

e Utility generation must not decrease over time

W(t) = J’“’ Ul C(s)]e 24 9ds

s=1

- U[C(s)] is the utility from society’s total
consumption at time s

— 0 is the discount rate (Arrow et al., 2004)
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Economic sustainability definition

e Means that real per capita welfare must not
decrease

e Real investment must be positive, i.e. the sum of
the values of all capitals must not be negative

— Produced capital
- Human capital

— Natural capital

e Trade-offs between capitals allowed - growth in one
capital can justify decrease in another
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Economic sustainability definition

e Compensation between capitals (World 2010)

National accounting aggregates
Gross savings (% of GNI)

Consumption of fixed capital (% of GNI)
Education expenditure (% of GNI)

Energy depletion (% of GNI)

Mineral depletion (% of GNI)

Net forest depletion (% of GNI)

CO, damage (% of GNI)

Particulate emissions damage (% of GNI)
Adjusted net savings (% of GNI)

— |2
o | ] | e | (] | (Gl | (o] [g0]| (=] | (]

(World Bank 2010)

e "Soft sustainability”
e Can a society without nature be sustainable?
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Planetary boundaries

Keeping the planet in the holocene

First migration of ~ Modern humans  Migrations of fully Great European
fully modern arrive in modern humans from Beginning civilisations:
humans out of Africa Australia South Asia to Europe  of agriculture  Greek, Roman
[ \
_34 o -
~ iyl 0 o
= -
. 5
- - 9
- L] | \
O a
y 1N ¥ 20 €
© 4 ol
| | | |
100,000 80,000 60,000 40,000 20,000 0
Age (before present)

The Holocene

International Geosphere Biosphere Programme (2015)
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Planetary boundaries

Climate change

Biosphere Genetic

integrity diversity Novel entities
Functional
diversity

Land-system Stratospheric

change ozone depletion
Atmospheric aerosol
Freshwater loading
use
Phosphorus
Nitrogen Ocean acidification m Beyond zone of uncertainty (high risk)

Biogeochemical flows W el oL ey (et

O In zone of uncertainty (increasing risk)

[ Boundary not yet quantified

Response variable

Globally mixed, with continental/global threshold

Planetary
boundary

L]

|

|

1

I

I

I

I

I
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|

1
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I
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|

|

I

1

I

|

Control variable

Steffen et al. (2015)
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Life cycle assessment

e Modelling the whole life cycle and all relevant

Global warming

environm

S Acidification

- N
B 7j_" g Photochemical ozone formation

il
i : @ ﬁ Nutrient enrichment
Human toxicity
I Ecotoxicity
@ w Land use
o \ Volume waste
{ 7 Hazardous waste
S T

120

e Reveal trade-offs through life cycle perspective and

broad coverage of impacts

e Used to assess and optimize the eco-efficiency of a

Delivered service

product or service:

e But is the activity environmentally sustainable?

Caused environmental impact
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What is a sustainable level of environmental
Impact?

Globally mixed, with continental/global threshold

-

lanef
oun

ary
dary

e Sustainability: Fulfilment of needs :
- Today and in the future
- Which needs?
- How to fulfil them?
— For how many?

Response variable

T, | TG - R A——

|
Control variable

e Carrying capacity: The maximum impact that an
ecosystem can sustain without experiencing permanent
changes in its structure or central functionalities

- "No” effect
— For all categories of environmental impact
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Sustainable annual impacts of a Person

Impact category

Climate change

Climate change, alternative

Ozone depletion

Photochemical ozone formation

Terrestrial acidification
Terrestrial eutrophication
Freshwater eutrophication
Marine eutrophication
Freshwater ecotoxicity
Land use, soil quality
Land use, biodiversity loss

Water depletion

Sustainable impact
(person.year)

0.98 ton CO2-eq
0.52 ton CO2-eq

0.078 kg CFC-11-eq

2.5 kg NMVOC-eq

1.4-10° mole H+ eq
1.8-10° mole N eq
0.46 kg P eq

31kg N eq

1.0-10% [PAF].m>.day
1.2 tons eroded soil
9.5-10° m2.year

490 m®

Carrying capacity approach
(indicator based on)

Resilience (2° target)

Resilience (350 ppm CO2)

Resilience (7.5% decrease in average ozone
conc.)

Protection of sensitive species
(3 ppm.h AOT40)

Buffer flow (1080 mole H* eg/halyear)
Buffer flow (1270 mole N eg/halyear)

Resilience (0.3 mg P/L)
Resilience (1.75 mg N/L)
Protection of sensitive species (HC5(NOEC))

Buffer flow (0.85 tons/(ha.year))
Resilience (31% un-conserved land area)

Buffer flow (2100 km®/year)

Bjgrn & Hauschild, 2015

DSIA
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Societal and company perspective

How do we allocate the space?

Per capita (the person equivalent)

Per area

Per created value (GDP, turnover)

Per satisfied need (where in the pyramid?)
Per generated employment

What about the historical justice (climate
change)?
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The DTU Global Decision Support Initiative

Aims
1. Systematize and integrate methods for system identification

and representation, and decision support methodologies
across different application fields.

2. Improve scientific methods for sustainability assessment and
risk assessment in support of decision — and policy making.

3. Propose common principles and methods for use across the
different technological sectors covered by DTU.

4. Apply the developed methods and models to selected application
domains.

5. Collect and share knowledge for cross-fertilization and
development of new and more accurate insights.

6. Support the implementation of quantitative sustainability- and
risk assessment as well as their use in engineering decision making
in all education profiles offered at DTU.

7. Strengthen DTU’s profile in international consulting
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The DTU Global Decision Support Initiative

!

Decision Support

S t Transport Food Natural disasters
ys em Water management Complex technical systems Critical infrastructure
Harmonisation I:
————————————————————————————————— e Basicresearch
. Data
________________ ... __________' * Methodologies
| e Scope/boundaries
I e Scenarios
] \Y4 Risk Assessment
4 Life Cycle ) ST T~ (RA)
Assessment (LCA) ;- Crosscutting S\
issues: Focus:
Sustainability pillars: < - Data, scaling, I‘_ > o Serisiy e el
Environment Sr:stzcs, Emissions to environment
Economy S PSS o Economy/costs
\ Social j -1~
I Harmonisation Il:
[ e e e T ) L e e B e D e e e e B B Eememem s e B e Uncertainty
: I+ Results
________________________________ I . Reporting
e Applicability
Integration
L LCA /RA |

SIA

DTU Global Decision Support Initiative



The DTU Global Decision Support Initiative

Initial Package of Post Doc Projects

® Probabilistic Modeling and Assessment of Complex Systems
® Metrics and Criteria for Sustainability and Risk management
® Decision Theory and Decision Support Tools

® Open Platform Design, Data and Risk Mapping Tools

® Natural Hazards Risk Modeling and Management
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