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What is resilience?

Proactive Operation Emergency Response Rapid Recovery

Before Event During Event After Event

• Proactive Reconfiguration [1]

• Pre-disturbance Resources 
scheduling [2]

• Distribution Systems Defensive 
Sectionlization and Microgrids 
Formation [4]

• Microgrids Reconfiguration [5]

• Critical Load Restoration Path 
Optimization [6]

• Microgrids DG Allocation [3]

• Networked Microgrids for 
Restoration [7]
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Assessment for Resilience

 Traditional reliability assessment method
(Monte Carlo simulation) cannot efficiently
capture high-impact, low-frequency events

 Computational tractable risk assessment
model using optimization method for
extreme events

, , , , ,
max

. .

0

0

(1 ) 0

eq ieq eq ieqx y u u v v

a ieq ieq

b ieq ieq ieq

ieq ieq i

T

ie

eq

b i

q eq

ieq ieq ie

eq

q

c

s t y

A

B

MS A s b

MS B s C y d

B s C

y

s

y d

M S

C

v

b

s y d



−  −



=

+ =



−  + −

+ − 

− −  

KKT

Single Layer

The most serious risk

X

R
is

k

0

×

X1 X3
X4 Xn……

Double Layer

( ) ( )

( ) ( ) ( )

min max

min min max

max max max

0 ,

1 1

, 0

j

i i i

i j j j

k l ij l ij j

k G l f l j l t l j

l l ij l ij i j l

l l l ij l l j j

i

i

P R P P

R P

P F F D

M y F b M y

F y F F y D

.t

D

s .

  

 

− −

   =  =

− −

−

−  

   

− + =

− −  − −  −

−    

  

( ) ( ) ( )1 max

1=1

1max
l

ll

l

bN N
yy

l j
y

l j j

jl

p p a D D
−

=

− −

( )max

, , ,
1

( , , , , )= arg min
i j l ij i

b

i j l ij i i j

N

j j
P D F

j

P D F R a D D



−

−

=

−

ls.t. y 

X2

Upper 

layer

Lower

layer

Piecewise linearization 

on logarithm function

Solve the model to obtain 
, ,,s opt s optx F

              Iteration K

         Fault set

  Optimal value set
{} 

{}F 

 

 

,

.

,

.

s o

s t

pt

op

x

F F F

  



Create and add cuts 

to original model 

1s s +

?s K

End

No
Yes

Flow chart of contingency ranking



Resilient Unit Commitment Model
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Modeling for the dispatch strategy under three stages 

⚫ Co-ordination of unit commitment

⚫ Fast-start flexibility

⚫ Repair for critical devices

Unit Commitment1

Crew Dispatch2



Resilient Unit Commitment Model

Objective function
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Recover

20%After the
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Anticipate 

& prepare
Resist & absorb Recover

Worst case

Storm landing

Storm subsides

Aims:

 How to control the flexible resources in power

systems with the dynamic process of extreme events

 How to set up the control model considering the  

predefense, emergency control and restoration

Z. Ye, B. Chen, C. Chen, J. Wang, T. Ding, Z. Bie, “Toward a Synthetic Model for Distribution System Restoration and Crew Dispatch,” 

IEEE Transactions on Power Systems, 2019, ( Early Access ) 



Time:



Crew center
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Constraints
⚫ Power Balance Constraints

⚫ Voltage Drop Constraints

⚫ Load Shedding Limits

⚫ Radiality Constraints
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Resilience in Distribution Networks

Distribution system with SOP 

networked microgrids

Aims: 

 How to coordinate restoration resources for improving resilience

 The dispatch scheme provided by the existing TSSP model is 

uneconomical and inflexible



T. Ding, Y. Lin, Z. Bie and C. Chen, “A resilient microgrid formation strategy for load restoration considering master-slave distributed generators 

and topology reconfiguration,” APPLIED ENERGY, 2017.8, 199: 205-216.

Response to multiple faults

⚫ Improve the resilience of power system.

⚫ Require enough restoration resources

after natural disasters, including:

routing repair crews (RRCs), mobile

electric vehicles (MEVs), soft open

points-networked microgrids (SOP-

NMGs).

⚫ The coordination of restoration

resources can pick up load faster.
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Resilience in Distribution Networks



Thank you & Questions !


