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Future

Sustainable Nanomanufacturing: introduce
sustainability/resilience considerations early into
manufacturing process.

Challenge: Conflicting objecti

and product performance. e

Solution: Integrated Top-

Down Framework using

tools

Tools: Computational susainabilit
Chemistry, product design

and Life Cycle WITH

Decision Analysis

Normative
MCDM

Intersection of LCA/LCC
mformation
addressed by our
new integrated

framework Eddyet al., 2013




Environment/Technology Challenges and Tools

Goal Identification and Problem
Framing Management

What are the goals,
alternatives, and
constraints?

Risk Characterization

What are the risks relative to a
threshold? How do they compare
to other alternatives?

Decision Model

Modeling

What are the criteria and
metrics, How do we measure
decision-maker values

Physical/Statistical Model

What is the hazard?
What is exposure?

Metrics Generation and
Alternative Scoring Data

How does each alternative .
score along our identified COI IeCt|0n

criteria and metrics?

Data Collection

What are fundamental
properties/mechanisms
associated with each alternative?

Linkov et al., 2014



Outline

 From Risk to Resilience: Definitions
— Risk

» Conceptualization

* Risk Assessment Case Studies
* Problems with Risk-based Approaches

— Resilience

» Conceptualization
» Resilience Matrix Approach and Jamaica Bay Case
* Network Science Approach

* Relevance to Emerging Technologies
* Discussion



Risk Management
Challenges
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* Requires specific knowledge and
quantification of all three components

« No temporal component

* Modern system complexity and threat
uncertainty make risk management difficult
and expensive.
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Risk and Resilience are Different,
but Complimentary

Risk
Analysis
|
|
|
Critical
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System
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Time

AfterLinkov et al, Nature Climate Change 2014
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Traditional risk management focuses on planning and reducing
vulnerabilities. Resilience management puts additional emphasis
on speeding recovery and facilitating adaptation.

AfterLinkov et al, Nature Climate Change 2014



Resilient Design in the Context of
Nano

,//- Engineering Design \

4 4 Y N\
Risk Life
Analysis Cycle
Analysis
\ \ / /
\\\ Multi-Criteria Decision Analysis _/',

Figure 2 Integration of risk and life cycle analyses to guide
engineering design using multi criteria decision analysis (after

[21]).

After Fadel et al, Nano Today, 2014



Sustainable Nanomanufacturing as
Triple Bottom Line
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Resilience: Matrix Approach

Resilience Matrix:

Analyze the functionality of each domain of the system across each stage
of the event timeline

Prepare Absorb Recover Adapt
Physical
Information
Cognitive
Social

« Uses general metrics for measuring relative system resilience
» Different from vulnerability assessment — threats unknown

« Useful for identifying weak areas and prioritizing investment to
improve overall resilience



General Form of Resilience Matrix

Time

Adwerse Event

Previous Cycle

Physical

Information

Cognitive

Social

Plan/Prepare

State and capability of
equipment and
personnel, network
structure

Data preparation,
presentation, analysis,
and storage

System design and
operation decisions,
with anticipation of

adwverse events

Social network, social
capital, institutional and
cultural norms, and
training

Absorb

Event recognition and
system performance to
maintain function

Real-time assessment
of functionality,
anticipation of
cascading losses and
event closure

Contingency protocols
and proactive event
management

Resourceful and
accessible personnel
and social institutions
for event response

Recowver

System changes to
recover previous
functionality

Data use to track
recovery progress and
anticipate recovery
scenarios

Recowery decision-
making and
communication

Teamwork and
knowledge sharing to

enhance system recovery

From Linkov et al, Env. Sci. & Tech2013

Adapt

Changes to improve
system resilience

Creation and improvement
of data storage and use
protocols

Design of new system
configurations, objectives,
and decision criteria

Addition of or changes to
institutions, policies, training
programs, and culture



Assessment using Decision Analysis

Selection of Alternatives

/—\ Comparative Assessment
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Use developed resilience metrics to
comparatively assess the costs and
benefits of different courses of action

Figure 5: Comparative Assessment of Resilience-Enhancing Alternatives




Prioritize Efforts

* Use matrix form to identify weaknesses in
resilience.

e Ex:

Limiting Bioavailability in Environment

Prepare Absorb | Recover Adapt

Physical
Information

Cognitive

Social

(Hypothetical Values)



How it works: Material/Technology
Evaluation

« Baseline assessment can be used to evaluate proposed

materials/tech nologies

Physical
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Social

Physical
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Physical
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Framework for Integrating Physical & Social Science
To Guide Product Design and Manufacturing
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Framework for Tools Integration
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Integration of RA, MCDA and LCA
allows selection of sustainable
management alternatives for
emerging risks

after Linkov and Seager, 2011
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ESD provides a catalyst for
research and innovation in
cross-disciplinary and trans-
disciplinary methods of
decision analysis, systems
analysis, risk assessment,
risk management, risk
communication, policy
analysis, environmental
analysis, economic analysis,
engineering, and the social
sciences.



Save the Date:

July 19-23, 2015

Call for Participation: SRA
World Congress on Risk IV

The Society for Risk Analysis
invites you to join us fo the

World Congress on
Risk 2015 in Singapore
Risk Analysis for
Sustainable
Innovation.

In 2003, the International Society for Risk
Analysis (SRA) launched a senes of World
Congresses on Risk, in partnership with other
scientific societies, professional organizations,
governments, corporations, and foundations.
SEA hosted the first World Congress on Risk in
Brussels, Belgium, in 2003, and has held two
subsequent World Congresses since that fime.

SRA will held the fourth in the senes of World
Congresses on Risk from the 19% to 23 of July
2015 in Singapore. The theme of the World
Congress on Risk 2015 is: “Risk Analysis for
Sustainable Innovation.” By selecting this
theme, SRA hopes to focus attenfion on nsks of
importance to global development with
specific aftenfion to the expenences of
developing countnes, in such domains as:
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