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' Evaluatlon of Vulnerabilities of Energy
System to Sustained Extreme Weather
Conditions: A Risk Assessment Approach

® Conclusions




Effects of Climate Change.on ..
EE gy Systems

2 CojJe Erns:

=Vegradation and/or high stresses resulting in
Sallres

= — “Performance of the operators
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;;'-.-.: “— Significant increases in electricity use
= Llimited water supply

— safe and sustained operability of energy
systems

— widespread losses in energy production




Effiects of Climate Change.on ..
EE gy Systems (Cont. )
SNEErGY Systems are vulnerable to:

_.ea -llevel Rise
EExtreme Drought

—_ Floodlng

= — Extreme Sustained Temperature
— Fire

— High Wind: Hurricane and Tornado
— Warm Water
— Ice Storms




5 of Climate Change.on ..
Lgy Systems (Cont. )

SNEIEE Fic Grid: Ice Storms, hurrlcane
JrJ__é_l
BVdroelectric: Snowpack melting, drought

All'power plants: Water supply, warm air,
hlgh wind, flooding, rising water body
levels, W|Idf|re human performance

® Renewable energy: changing cloud cover
® Bijomass production: water supply
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B "tion of Risk

SERISKASICHEdSUrE eirtne"potential loss
geeled due to natural or human activities

J réntial l6sses are the adverse conseguences of
Ssicn activities in form of adverse health effects,
DSS of property and production, and damage to

— —

::: enwronment

- 8 Risk analysis is the process of characterizing,
managing and informing others about existence,
nature, magnitude, prevalence, contributing
factors, and uncertainties of the potential losses.
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gclEYories of Risk Analysis

7ea IEh risk anal ysIS
) 7 ety risk analysis
™55 curlty risk analysis
= _"" “Financial/economic risk analysis

e =

— s Environmental risk analysis
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SEMENts and Types of Risk Analysis,.

RiStaanalysistattempissiopmeasuie the

flzl] ItUde; of a loss (consequences) associated
WJr 'energy systems, including evaluation, risk
eduction and! control policies.

—= ‘here are three types of risk analysis:

j‘-- “Quantitative, Qualitative and a Mix of the two
~ e Jhere are three elements (constituents):




[BIeASSESSMENt

E
S

RISKeESSESSMEN LIS e PIOEESS, Ol PoVIding
sSWEr Lo four Dasic questions:
~-\Nhat can go Wrongp
Ze How likely is it?
. What are the losses (consequences)?

R=RISK={(S,/,X )}




e
ERdiIReering Risk Assessment:
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SVighicmatical representation of risk

Unit of time or space

Risk (

Consequence )

m——

Event

= ,_' Frequency(
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Event

. . « Magnitude Consequence
Unit of time or space
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* One simple widely used model of risk value 1s
of the magnitude of outcome method:
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IIVEIVESICOmMBINatiORror ralliiie"events that
a0 to) the losses (conseguences)

BNAilure events may be caused by extreme

-~ — Reduction in strength or endurance of energy system
components

— Changes in material properties

— Stress or damage due to high temperature or
pressure

— Penetration or distortion by external objects or forces
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ency and Consequence: ..

atlon
> ‘uncy and' probability estimation of

2VENtS and scenarios are probabilistic in
L\f ure

= eqwre engineering and reliability

— T

'--:' ‘assessment

~® Conseguences are estimated by
engineering analysis, exposure-
conseguence models, etc.




1‘_“
dildgdement

2 _‘inuaIIy dSSESSES the risks (What could
GEIWIeNG?)
U FCIdeS which risks are significant to deal
vith
Employs strategies to avert, control or
minimize risks

e Continually assesses effectiveness of the
strategies and revise them, if needed
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MSKECOmMmunIcation

J Ba\- 'on| the resultis of risk assessment
gidiiianagement exchange information
aih the stakeholders about:

| — The nature of the risk

=~ _The nature of the benefits
— Uncertainties in risk assessment
— Risk management options
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MSKAVIarginsAssessments

SISV agIraSSESSMERtSFavoIds thErmeed to

S5l fatielthe extreme weather hazard
zIfz IyS|s (I.e., freguency of occurrence)

= galculates the margins built into the energy

— system as a whole, as well a its components

—

._
g

— and structures to withstand extreme weather
conditions

® Hazard analysis, especially in case of global
warming, is controversial and involves high
degree of uncertainties




gOWIMargins.are Estimated?

PESOIIEUIMESI USEd In Seismic Risk Assessment: by
pesNUclear Power Industry
SVIEdian Margin (MM) is calculated from
3 ngmeermg analysis (Finite Element,
= '*’Begradatlon Analysis, Accelerated Failure
= Analysis, Engineering Judgment, etc.) used to
estimate the safety factors inherent in the
design of buildings, structures, and components
of the energy systems as exposed to weather-

induced conditions (stresses)
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Safety.Margin Expressed?

SRINIE medlan margini above the sustainead
ww conditions is estimated including

Werent uncertainty (U) and variability (R)
- the margin estimation

— A commonly used margin of structure or a
- component, is the High Confidence Low
Probability Failure (HCLPF) expressed as:

HCLPF = MM * exp(-1.65(R + U))




ptaliEnergy System: Risk Mangin.

SYAIRSCENNI0S |eading) to, ECONOMIC; I0SSEs or
iiisatie conditions, their corresponding
HEILPE values, and the HCLPF of the
-l jole energy system / facility to be

B Gstimated from the Min-Max approach

" = 7 Mathematlcally, the probability of failure,
P, may be determined from the two-
parameter lognormal distribution

Pf- _d In HCLPF - ll}ﬁMM
. (R2 R Uz) 2
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SOENEINSIONS:

NEIpPal environmental changes are of much
COCENN
ED. @- rain sustained weather conditions may

l' e Estlmatlon of the magnitude of the

— resulting weather-related conditions and
freguency of hazards are difficult to
estimate and subject to substantial
uncertainties




socitsions: (Cont:.)

PRViuRrEasenable confidence one may assess the
iergin built into specific energy systems to
w"é stand failures in structures and components
= Siduced by the harsh conditions imposed by
= Extreme sustained weather conditions

— ® The proposed probabilistic risk margins may be
used as the figure-of-merit metrics to assess the
robustness and resilience of the energy systems
to potential global weather phenomena and
change events




