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Abstract: In this paper an off-grid microgrid, based on 100%
renewable energy, integrated with an electric vehicle charging
station, an electric vehicle parking station, and a demand-response
program was modeled. The electric vehicle charging station operated
based on a battery swapping model in order to charge the electric
vehicles in the shortest time possible. The electric vehicle parking
station was used to park vehicles during various hours of the 24-hour
period. The vehicles inside the parking had to be fully charged by the
microgrid when leaving the parking station. Since these vehicles
were parked for several hours, their charging time was not limited,
and they are charged by direct chargers rather than battery swapping.
The loads of the microgrid were under a demand-response program,
and they were curtailable, non-curtailable, shiftable, and interruptible
loads. The only energy source of microgrid was solar PV systems;
the solar-energy related issues such as zero energy during night,
output power variations, and the possibility of losing the whole or a
part of energy due to shade should be dealt with. In the proposed
method, an optimal programming was applied to the charging-
discharging of the swapping batteries in charging station, to the
charging-discharging of electric vehicles in the parking station, and
to the energy management of loads (i.e., curtailable, non-curtailable,
shiftable, and interruptible loads). The mismatch of energy and the
lack of solar energy were compensated by the discharging power
from charging and parking stations as well as by the management of
the power of loads. Simulation results demonstrated that the
unavailability of solar energy during the night resulted in paying
50% of the daily revenue as penalty cost. During hours such as 7 to
19, when the solar energy was available, the plan used the solar
power as much as possible and limited the extracted energy from
other energy resources. The energy of shiftable loads was supplied
mostly from 13 to 15 hours, when solar energy was at the maximum
level.
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Introduction

In the recent decade, the barriers of fossil
fuel energies have motivated societies for
moving toward renewable energies. The
100% renewable energy systems are one of
the emerging schemes to address challenges
like  climate change, environmental
pollutions, as well as economic and energy
security concerns. Among the renewable
energies, solar energy has the highest
number of applications in the residential and
industrial sectors. Alongside renewables,
electric vehicles have also been developed to
handle the fossil fuel barriers. In this paper,
the off-grid microgrid, based on 100%
renewable energy, integrated with and
electric vehicle charging station, an electric
vehicle battery swapping station, and a
demand-response  program  has  been
addressed.

Materials and Methods

The problem maximizes the profit of the off-
grid microgrid. The optimal programming
was applied to determine the optimal
charging-discharging pattern for swapping
batteries in the charging station, the optimal
charging scheduling of electric vehicles in
the parking station, and the optimal energy
management of loads (i.e., curtailable, non-
curtailable, shiftable, and interruptible
loads). The uncertainties of the renewable

and the load were taken into account and
modeled through stochastic mixed integer
linear programming.

Results

The simulation results were carried out by
GAMS software. The results demonstrated
that the proposed model maximized the
microgrid profit by selling energy to
consumers while it guaranteed the feasible
operation of 100% of the renewable, based
on microgrid under all 24-hour. The loads
were properly adjusted at all hours of the
day. All electric vehicles were charged based
on the desired pattern. The mismatch of
energy and the lack of solar energy were
compensated by discharging power from the
electric vehicles in the stations as well as by
the management of the power of loads.

Discussion and Conclusion

Although 100% renewable energy systems
provided plenty of advantages to electrical
grids, the renewable energy intermittency
made their operation very vulnerable. They
needed precise energy management systems.
Furthermore, the off-grid operation of 100%
renewable energy systems was much more
complicated. This paper addressed a novel
strategy for the feasible operation of 100%
renewable-based microgrid by the optimal
scheduling of resources and loads.
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