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Today, the utilization of energy storage systems, especially in distribution
systems, has a significant impact on improving the performance of the energy
system, improving system reliability indicators, and reducing energy system
operating costs. Therefore, using these utilities in the energy systems is
advantageous. In this paper, the motivations for using electric vehicles as
energy storage units are investigated. For instance, we can mention the effect
of minimizing system costs from the load point of view. Moreover, in this
paper, the effect of electric vehicles in improving the reliability indices, such
as the Energy Not Served (ENS) and the System Average Interruption
Duration Index (SAIDI) has been investigated. In order to achieve this, a
dynamic planning framework has been introduced in a distribution network
with the aim of minimizing system costs. After applying the framework
presented in the article and modeling the IEEE 34-node sample system, the
simulation results show that the network operator improves the network
reliability indicators by adjusting the electricity price in such a way that
electric car owners can benefit. In this regard, the total amount of ENS of the
system is reduced by 11% in centralized mode. Also, the SAIDI index is

reduced by 85% in the centralized mode and by 51% in the distributed mode.

Introduction

With the increase in human demand for energy in
recent decades and the expansion energy structures
around the world, the relationship between energy
carriers such as electricity and natural gas and the
connection and integration of electricity and gas
networks has become especially important for
energy system designers. These integrated and
interconnected networks are examined in recent
studies under the title of energy hub. The operation
of the energy hub is based on receiving one or more
energy carriers as input and converting these
carriers to one or more carriers as output through
energy structures such as Combined Heat and
Power units (CHP). These carriers can be stored in
the form of thermal or electrical storage due to the
existence of storage devices. One of the types of
storage devices that is used in an energy hub, and
has recently received a lot of attention in developed
countries, is Electric Vehicles (EVs). The presence
of this units in energy systems, in addition to having
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many environmental benefits, also has a significant
impact on improving the flexibility and efficiency
of energy systems.

This article presents an analytical method for
evaluating the reliability of distribution networks,
which examines the impact of electric vehicles on the
reliability indicators of different networks by
considering two models of distribution systems,
distributed and centralized, based on the concept of
energy hub; And at the end, it examines the effect of
both mentioned systems on the reliability indicators
of the system. Also, taking into account the possible
uncertainties, this article uses electric vehicles in the
form of energy storage in the presence of other
electrical and thermal energy storages, and according
to this, it examines the reliability indicators of an
energy hub under different scenarios. It should be
noted that the modeling of storage devices has turned
this problem into an integer linear problem due to the
impossibility of simultaneous charging and
discharging. In this article, IEEE standard 34-node
system is used and after modeling the behavior of
charging and discharging and the electric vehicles in
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each of the nodes, the total discharge time in each
part of the network is calculated in each hour, and
with the help of that reliability indexes of the system
is calculated. The result of this research shows a
reduction in system operating cost by 71%, a
reduction in the total amount of ENS by 11% in the
centralized mode, a reduction in the SAIDI in the
centralized mode by 85% and a reduction in the
SAIDI in the distribution mode by 51%; Which, in
turn, shows the increase in the quality of operation of
the system, with the presence of EVs under the
introduced framework.
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After simulating the behavior of EV owners, who
are supposed to reduce their operational costs and
find the best route using Floyd-Warshall method,
the uncertainties of their transportation, thermal and
electric storages, sources of electric and thermal
energy production using the paper’s framework, the
operational cost of the owners of electric storages
(cars and batteries) has been depicted in two modes
of optimized and non-optimized, in fig. 1. Also, the
results of centralized and distributed mode
strategies have been shown for the reliability index
of the distribution system in Fig. 2 and Fig. 3.
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Conclusion

Nowadays, due to the importance of economic and
environmental management of energy systems, the
concept of energy hub has developed. In this regard,
the control of an acceptable level of reliability in
these systems and the optimal management of
energy storage units, to improve the quality of
power services, are significant. By adopting an
analytical approach, based on energy hub
simulation, this article deals with the simulation of
centralized and distributed multi-energy carrier
systems; And in this regard, with the efficiency of
dynamic optimization methods, it minimizes the
cost of electric storage owners (including EVs and
battery). The results have shown the improvement
of the performance of the energy system in the
presence of storage devices. It was also shown that
in electric systems, the distributed strategy is much
more efficient than the centralized strategy, and the
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presence of batteries has a greater impact than the
presence of individual EVs in improving system
reliability indicators. On the other hand, the
proposed framework of this article is beneficial in
solving the challenge of the complexity of
probabilities and availability of units to calculate
system reliability. Using this framework, the ENS
index for the electric system in two centralized and
distributed energy hub strategies is reduced by 11%
by optimizing the cost of electric storage owners;
which itself indicates the effectiveness of the
framework under study in order to reduce the
amount of energy not supplied by the system. Also,
the SAIDI index of the system, which indicates the
degree of interruption and blackout of the system, is
reduced by up to 85% in two centralized and
distributed energy hub strategies by optimizing the
cost of electric storage owners.
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