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Background and Contributions
Background
• In recent decades, the number of disaster events and the corresponding economic loss have 

continued to increase. 
• Distribution systems, located at edges of power systems, play a critical role in restoring system 

after outages. 
• Accurately predicting the power outage, identifying vulnerable areas, and evaluating the 

unserved load in a disturbance are critical for the whole restoration process. 

Contributions
• An optimal three-phase distribution system restoration model is established considering the 

allocation of MERs and the schedule of RCs. 
• A novel scenario clustering algorithm is proposed to reduce the scenario scale based on the 

accumulated nodal unserved load. 
• The integration of MERs and RCs has been proved to significantly reduce the unserved load, 

and the representative scenarios can effectively preserve information of original scenarios.
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K-means-based Scenario Clustering
• Traditional scenario clustering strategies are based on a scenario’s self-characteristics (e.g., similar PV/load profiles).
• Tripped line scenarios are represented by binary variables which is not easy to directly find similar characteristics.
• Nodal unserved load profile can work as the characteristic for the scenario clustering. 

Fig. 1. Example of two nodal unserved load profiles.



Simulation Results
Scenario clustering

Fig.2. Original scenarios and the centroid of Cluster 8.

Resource allocation

Fig. 3. RC schedule.

Fig. 4. MER allocation.



Simulation Results
Table 1 Comparison of the original and clustered scenarios without MERs.

Total EENS 
(MWh)

Unserved load ratio 
(%)

Original probability 
(%)

Clustered 
probability (%)

0 - 5 0 - 4.77 1.59 0
5 - 10 4.77 - 9.55 20.63 28.57

10 - 15 9.55 - 14.32 27.78 23.82
15 - 20 14.32 - 19.09 36.51 37.30
20 - 25 19.09 - 23.87 11.90 10.32
25 - 30 23.87 - 28.64 1.59 0

Table 2 Comparison of the original and clustered scenarios with MERs.
Total EENS 

(MWh)
Unserved load ratio 

(%)
Original probability 

(%)
Clustered 

probability (%)
0 - 5 0 - 4.77 37.30 37.30

5 - 10 4.77 - 9.55 23.81 26.98
10 - 15 9.55 - 14.32 36.51 34.92
15 - 20 14.32 - 19.09 2.38 0.79
20 - 25 19.09 - 23.87 0 0
25 - 30 23.87 - 28.64 0 0



Conclusions and Future Works
Conclusions
• The numerical simulation verifies that the representative scenarios can maintain the 

characteristics of the original scenarios. 
• The improvement of the MER integration in the restoration process is also quantitively evaluated. 

Future Works
Future work will focus on investigating the applications of preventive outage analysis: 
• Determine how to collaborate with neighboring utilities to best allocate the available MERs; 
• Utility can optimally allocate its budget to bolster resilience through various measures based on 

the representative scenarios.
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