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e Resilience trapezoid

* Difference in nature and concept
* Tradeoff example

 Measuring the differences

 Winning both games: examples




Resilience trapezoid

Infrastructure vs. operational resilience

< IEEE

Q :\;“ Infrastructure resilience — — — Operational resilience
e T
% % Phase I Phase II Phase III
S5 * Operational health i t
&, 'g Pre-disturbance Restorative  Post-restoration peratlona ed Improvemen S VS.
- resilient state state state . oy
| Rurs infrastructure resilience
* Grid hardening vs. capacity
improvements
T * Preventive maintenance vs. outage
repairs
to toe tee tor tr  Tor Tir

Fig. 2. The multi-phase resilience trapezoid.

M. Panteli, P. Mancarella, D. N. Trakas, E. Kyriakides and N. D. Hatziargyriou, "Metrics and
Quantification of Operational and Infrastructure Resilience in Power Systems," in /EEE
Transactions on Power Systems, vol. 32, no. 6, pp. 4732-4742, Nov. 2017, doi:
10.1109/TPWRS.2017.2664141.
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Difference in nature and concept \

and how it builds the foundation of tradeoff

Resilience:

* “The capability of electric power distribution systems to deliver electric energy to end-use
customers and recover this capability following exposure to high impact low frequency
events.”

Difference between Resilience and Reliability:
» Resilience covers unexpected, high-impact, low frequency events
» Resilience looks at a longer term

» Resilience also considers personnel and equipment, but with a possible greater impact and
recovery needs

* Impacts on customer experience in each effort is different
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Tradeoff Example

Resilience Orientated Reclosing

Fault 1 Fault 2
M(?re - More upstream
Limited Energy 4
Lockout o °
Recloser Fuse
Reclose Off
Strate Fuse Fault 1 Fault 2
Cu;t omer Employee &Y| status Temporary ~ Permanent  Temporary = Permanent
(R;?hablht}') Limited Energy Impact Fuse ' Fuse opens
mpact Reclose AsIs f Patrol AR |Blowing Recloser trips
after Trip/ OFF A (no reclose attempts) Recloser trips
Close use (no reclose attempts)
Saving
1 reclose 1 reclose 1 reclose 1 reclose
LER NA attempt attempt, tlyen attempt attempt, th_en
recloser trips recloser trips
y il LEL NA Recloser trips (no reclose attempts)
Less Less

Wildfire Risk More

Less
M. Davoudi, B. Efaw, M. Avendafio-Mora, J. L. Lauletta and G. B.

Trade_Off bEtween customer experlence' employee ImpaCt' Huffman, "Reclosing of Distribution Systems for Wildfire Prevention,"
and wildfire risk mitigation in IEEE Transactions on Power Delivery, vol. 36, no. 4, pp. 2298-2307,
Aug. 2021, doi: 10.1109/TPWRD.2021.3050973.
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Measuring the differences

The need for new metrics

4 IEEE

Vegetation Factor

4 T T T T T 014 B
O O  SADI
L . | 1.9 O SAIFI
357 0.135 I O
O 1.8 O
3T SR SRS IO SO @ 1 0
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é 25+ ] 116 %
S ' $ 0125 o
[&]
2 2t - 115 £ O
= z 0.12
e 0- L
© | .
S 15¢ ©) | 1.4 z %
2 O - 5 O
o’ 1 Q : E 0.115 O
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L i 0.11
o @@ A 1.4
© 0 ©
0 1 1 1 1 1 1 0105 1 1 1 1 1 ]
0 20 40 60 80 100 120 0.54 0.55 0.56 0.57 0.58 0.59 0.6
Line number WEF risk PU (increasing axis)

IEEE 123 Bus Test System: Annual failure rate, restoration duration, and
vegetation factor for all lines.
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Microgrids
For Improving reliability and resilience

* Microgrids, as small-scale power systems,
can operate in both grid-connected and
islanded modes.

 What is the impact of substation, feeder,

* What resilience metrics should be
considered for evaluating the impact of
microgrids?
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For Improving reliability and resilience
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 How can solid-state transformers (SST)

help with microgrid implementation and e LT et S R
e . Available
resilience enhancement? Vehicle | ity Emergency Ext. Emergency
Summer Winter Summer Winter
e Whatis the role of electric vehicles? Prius Full 49 40 6.5 48
Half 2.5 2.0 33 24
C Hvbrid Full 7.3 6.0 9.6 7.1
amry Tl
4 Half 3.6 3.0 4.8 3.6
Full 4.0 3.3 53 39
Chevrolet Volt
Half 2.0 1.6 2.7 2.0
Full 0.6 0.5 0.8 0.6
Nissan Leaf
Half 0.3 0.3 0.4 0.3
Full 2.2 1.8 29 2.2
Tesla S
Half 1.1 0.9 1.5 1.1

Electric vehicles used in emergency:
Kaveh Rahimi, Masoud Davoudi, Electric vehicles for improving resilience
of distribution systems, Elsevier, 2018



Microgrids and mutual support

Impact of clustered microgrids on resilience

We need to identify the most optimized clustered

microgrid architecture considering resilience
enhancement:

e Independent single microgrid (SMG) operation

e Multi microgrid operation

@pis | ©IEEE
Power & Energy Society®
Main grid

Main grid




Energy Storage Technologies

Considering differences in decision making

|

T

|

P —

Pumped Hydro

Energy Storage
(PHES)

—

Gravity storage
technologies

~———

—_—

Compressed Air
Energy Storage

- —

—_—

Flywheels

|

~| zn-Air, ZnMno,

Hydrogen based
storage
: Sensible- Power-to -
Lead Acid Super
- AEE Molten Salt, E Power (Fuel
Advanced Lead Acld] Chilled Water capacitors ] Cells, etc)
Lithium ion — Superconducting
Storage, Phase .
(LCO, LMO, LFP, =m Change Magnetic Energy Power-to-Gas
NMC, NCA) Materials (PCM) | Storage{SMES) L

Flow Batteries

(Zinc Bromine,
Vanadium)

|

Thermochemical
Storage

|

High
Temperature
(Na5, NaNiCl,)
——————

EE—
Zinc Batteries -

|

Discharge time at rated power

Minutes Hours

Seconds

(ams | GIEEE
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UPS
Power quality

T & D grid support
Load shifting

Flow batteries: Zn-Cl, Zn-Br
Vanadium redox New chemistries

NaS battery
Advanced lead-acid battery
supercapacitors NaNiCl, battery
Li-ion battery

High-energy

Lead-acid battery

High-power flywheels

High-power supercapacitors

Bulk power
management
Pumped

hydro

Compressed air
Energy storage

1 kW

10 kW 100 kW 1MW

System power ratings, module size

10 MW

100 MW 1 GW




