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Abstract:

After the occurrence of natural disasters, the connection of the independent areas in the active distribution network with
the upstream power grid may be disconnected. In such a situation, these areas can reduce their operating costs by
exchanging energy. In this regard, a new two-level framework for optimal restoration of a multi-area active distribution
network by using peer-to-peer power exchange is proposed in this paper. In the first level of the proposed method, the
status of tie-lines is determined based on the genetic algorithm. Then, peer-to-peer exchanges are settled based on the
proposed structure. Finally, load shedding restrictions and other operating restrictions are examined in the second level.
Since the areas are independent, they do not have access to each other's private information, such as load information,
status of distributed generations, and operating costs. Therefore, in order to protect the privacy of the areas, the network
structure has been determined with the aim of maximizing the peer-to-peer exchanges and also considering technical
limitations. This method is applied to the modified IEEE 33-bus active distribution network with 5 areas, and the
simulation results show its efficiency.
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1. Motivation of the work

Due to climate change, the frequency and severity of
natural disasters have increased at an unprecedented rate.
Due to the extent of distribution networks, these
networks are highly vulnerable to natural disasters such
as floods and storms [1]. Natural disasters cause severe
damage to distribution systems and power transmission
networks.

Despite investment-based and planning-based preventive
measures, natural disasters usually severely damage the
power grid and lead to widespread power outages.
Therefore, after natural disasters occur, the network
should be restored and repaired based on an optimal plan
in order to reduce their adverse effects on network
performance. Determining a plan for optimal restoration
and recovery of the distribution network after natural
disasters can reduce the time and number of outages for
subscribers [2].

2. Contributions
In this paper, a two-stage method is proposed to address
the challenges of recovering a multi-area distribution
network after natural disasters. In the first level, the
network structure is proposed by a metaheuristic
algorithm. Then, the peer-to-peer power exchanges
between the areas are settled at this structure. In the
second stage, the operation constraints are examined.
This method has an iterative structure, and the network
structure is updated by the metaheuristic algorithm
according to the peer-to-peer power exchanges calculated
in the first level and the operation constraint compliance
evaluated in the second level. Therefore, using the
proposed two-level method, the layout that maximizes
the peer-to-peer exchanges between different areas while
complying with the operation constraints is selected as
the optimal response.

By conducting peer-to-peer power exchanges,

independent areas can effectively use their local energy

resources and, in addition to earning income, increase the
rate of network load recovery.

The most important innovations of this paper are as

follows:

* Presenting a two-level framework for organizing peer-
to-peer exchanges to restore a multi-area active
distribution network after natural disasters.

* Developing multi-area load flow equations from the
perspective of the multi-area distribution network
operator, taking into account the privacy of different
areas.

* Determining the optimal layout of a multi-area active
distribution network to create a suitable environment
for peer-to-peer power exchanges in the network.

3. Procedures

The proposed model is a decentralized multi-agent model
that, while maintaining the operational independence of
different areas, determines the optimal arrangement of
the active distribution network to maximize the peer-to-

peer power exchanges. In the first stage of this method,
the distribution network structure is determined by a
meta-heuristic method. After that, different areas try to
increase their profits in this structure by using peer-to-
peer power exchanges. In the second stage, the
operational constraints are examined. Since the areas are
independent, to maintain their privacy, they do not share
their internal network information, and only the
information on the tie lines and information related to the
power exchanges between the neighboring areas are
shared [3]. Therefore, in the second stage of the proposed
method, only the load flow constraints related to the
buses and distribution lines located between two
neighboring areas are considered. It should be noted that
the internal load flow constraints of each area are
considered privately by that area itself when participating
in peer-to-peer power exchanges.

The proposed two-level method is simulated on a
modified IEEE 33-bus active distribution network with
five areas in the MATLAB R2023b environment. The
local programming model of each area is formulated
using the YALMIP toolbox, and CPLEX 12.9 is used to
solve it. The restoration scheduling of this multi-area
active distribution network after a severe natural disaster
is simulated in two cases, with and without peer-to-peer
power exchanges between different areas.

4. Findings

Determining the distribution network structure based on
peer-to-peer exchanges can improve the recovery of
loads after natural disasters. Simulation results on the
modified IEEE 33-bus test network showed that peer-to-
peer power exchanges can significantly increase the
profit of different areas compared to the island mode,
from -$892.58 to $311.05. These results prove that the
proposed two-level method increases the amount of peer-
to-peer energy exchanges between areas while
maintaining their privacy. Based on the results, the cost
of load shedding in the test network has decreased from
$1292.1 to $344.16, which shows the ability of the
proposed method to utilize the potential capacity of local
DERs in the restoration of the multi-area active
distribution network. Also, comparing the simulation
results with the centralized restoration method confirms
the optimality of the proposed method.

5. Conclusion

In this paper, a two-stage method for organizing peer-to-
peer power exchanges between different areas of a multi-
area active distribution network for optimal network
recovery after natural disasters is presented. Simulation
results on the modified IEEE 33-bus test network showed
that the proposed restoration method can reduce the total
load shedding by maximizing inter-area power exchanges
while considering operational constraints. Simulation
results showed that the proposed two-level method, by
determining the optimal network structure, leads to the
optimal use of local DERs and, as a result, increases the
total exchange power in the network. Based on the
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results, using the proposed method, the operating costs
can be reduced by more than $1203.6 compared to the
case where the areas operate in island mode and there is
no exchange between them.
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