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Outline

* Problem setting & motivation

* Model conceptual framework
* Protocol for Expert Judgment
* Insights and lessons learnt

Expert Judgment Workshop
29 Aughust



University of

Strathclyde

Project background

Expert Judgment Workshop
29 Aughust



University of

The Offshore Wind Paradox Sirathcyde

School

Ambitious Renewable Energy Targets

Reduce Cost

Introduce
Accelerate :
Deployment Innovative
Technology

Early life phase
No operational data

Secure

State-of-knowledge on
systemic risks
+

Increase Risk

Finance Profile

Expert Judgment Workshop
29 Aughust



University of

Strathclyde

Conceptual Framework

Expert Judgment Workshop
29 Aughust



Availability

Strathclyde

Business
School

Uptime Performance | Downtime Performance

Target Actual Actual Target
Reliability Reliability Restoration Restoration

Maintenance Minor
Strategy Adaptations

| | | | | |
Design Operation Logistics Waiting Travelling Repair
Inadeq. . Error Time Time Time Time

Innovation Minor
Design Adaptations

Innovation Innovation Minor

Innovation
Spares Policy Vessel Strategy Adaptations




Modelling Uptime Performance [

Business

School

@ A
=
Premature
wear-out .
More { T
frequent i
shocks { :
|
| h(t)
|
L ! TARGET
|
¢ >
S t

Manufacturing
Fault

X2 (1), hz (1)

Operational
Error

X5(t), h3(t)

Design
Inadequacy
X1(t), hy ()

3
h(t) = h(t) + ij(r)hj(r)
=1

X;(-): indicator variables for trigger j

h;(t) added hazard due tpetriggermjent Workshop
29 Aughust



University of

Business
School

Design Inadequacy Sratielyde

The experience and track

record of the designer Exposure to severe, uncontrollable

influences the chance of environmental conditions increases
The use of novel dejlgn " the risk of mismatt_:h between actual

under-periormance and expected environmental

design principles The standard and codes influence

increases the risk of conditions the correctness of the
mltsmlatczbehﬂel:nd environmental parameters used to
actual and expecte inform the design
design performance Designer °

b Status

aboratory testing ;
oxplores fhe Design Novelty Exposure Sg:g:;d Environmental Testing
relates to the measurement

vulnerability of the :
of the environmental

system to given The chance of a design
stresses and can inadequacy issue stems from parameters
reveal design a mismatch between the
issues design expectations and the
actual design performance
Env. Testing

Development

The chance of a design

Testing : .
inadequacy issue stems
from a mismatch between
Upscaling can Scale Design Inadequacy the value of the
introduce issues with environmental parameters

used to inform the design
and the actual
environmental conditions.

the design (that are not
directly related to the Design Inadequacy issues stem
level of innovation) from the mismatch between
expectations and actual
performance in the areas of
design and environmental
suitability Field Testing

Field Testing can
expose issues not only
with the blueprint but
also with the
assessment of the
operating environment




i@\
rsity of

Strathclyde

Expert Judgment Elicitation

Expert Judgment Workshop
29 Aughust



Elicitation Protocol

Qualitative Stage

AlM
Agree structure of
general model
Identify key
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b. Effect of triggers on
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Consider a turbine that operates under normal conditions. Assume that the
turbine is affected by a design inadequacy in the gearbox but by no other
triggers. The design inadequacy causes the gearbox to age prematurely (over

early life).

After how many months of
operation (since installation)
will initial signs of
degradation be observed?

Lower Value
(5%-ile)

Upper Value
(95%-ile)

Central Value
(50%-ile)
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Suppose that the subassembly receives the worst possible configuration
across attributes (A, A) - i.e. design upscale has an effect, no field testing.
This configuration results in the highest probability of a design inadequacy.
Please provide your assessments of this probability.

Please provide your assessments of Central Value
this probability.
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Example: Design Inadequacy
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Probability of Desing Inadequacy

0.10 -

Field Testing Environmental Standard Codes Design Novelty Designer Status Development Scale Exposure
Testing Testing

For example: Improving the configuration of a subassembly across Field
Testing from No Field Testing to Extensive Field Testing will decrease the
likelihood of Design Inadequacy from 0.53 to 0.1, i.e. will reduce risk to 18%
of its value.

Data: expert judgment
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* |nsights
— Aleatory vs. epistemic uncertainty

— Increased complexity vs. informed modelling
choices

— Consistency checking (ranking)
— Meaningful quantities (relative risk reduction
formulation)
* Conclusions

— Provide quantitative indication of current state of
knowledge regarding offshore wind risk

— Model quantified for particular case
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