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Resiliency is dynamic
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Panteli, M., & Mancarella, P. (2015). The grid: Stronger, bigger, smarter?: Presenting a conceptual framework of power
system resilience. IEEE Power and Energy Magazine, 13(3), 58-66.



Resiliency focuses on catastrophic,
HILP events
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How do HILP events
affect operation and
investment?

Investment + Operation + EENS x VolLL

Strbac, G., Kirschen, D., & Moreno, R. (2016). Reliability Standards for the Operation and Planning of Future Electricity
Networks. Foundations and Trends® in Electric Energy Systems, 1(3), 143-219.



Risk assessment methodology
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Optimising resiliency in operation and

planning

N 7N

Investment

-New infrastructure

Operation
-Pre-fault optimisation

(minimising T+O+X w/CVaR) || (minimising O+X w/CVaR)
-Various demand scenarios -Planned power per unit

-Planned reserve per unit

Risk assessment
-Primary event simulation
-Outage simulation
-Post-fault, real-time
optimisation (minimising X)

r

There are multiple optimisation techniques to coordinate the
iterations and ensure delivery of “very good” and even optimal
decisions (e.g., genetic algorithms, Benders cuts)




HILP ability to affect operation
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Important to consider probabilities conditional to
primary common cause (e.g., weather conditions)
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Resilient network operation
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Resilient investment against flooding

12 om o
EENS Generation DSR
Transmission 10 Tecable wTransformer T
networ ain
system E 8 e
Transfer Py
[ =
| cables E 6o
Subsltaugnl <«— 9
net loa 17
\J\/ \J\/ \J\/ AN I
Primary
substation < A e et et
Distribution /\(\ /T\ 0 T T )
busbar A D. E
v Design
Demand DSR DSR DSR
1.8E-04
50 MW Demand side
response 1.6E-04

1.4E-04

Optimal when Optimal when Traditional
ignoring CMF assuming CMF

mm-mm--;m-
2x34 2x35 250

Probability [p.u.]

1.2E-04
1.0E-04
8.0E-05
6.0E-05

1x10 2x10 0 4.06.05
“ 0 3x3.33 0 2.0E-05

0.0E+00

0 10 20 30 40 50
ENS [MWh/h]
10



Resilient reactive power investment
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Different mitigation/adaptation strategies
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Different mitigation/adaptation strategies
in SING (2)
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Conclusions

Resilience is a dynamic concept

Resilience goes beyond N-1 and consider
conditional outages given a common event

Multiple outages happen simultaneously

We developed a mathematical programming
methodology for decision making

We demonstrated that HILP impacts
significantly on operation and design
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