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Abstract:

With the increasing penetration of distributed generation resources (DERs) in distribution networks, the strategic
placement of these resources has garnered increased attention. Due to the uncertain power generation of renewable-
based DERs, it is necessary to use stochastic models. Additionally, in recent years, due to the rise of the occurrence of
weather-related disasters such as hurricanes and floods, which lead to severe damage to power grids, has highlighted the
crucial needs to consider methods for mitigating these damages in installation planning.

This study introduces a comprehensive model for optimizing the deployment of distributed renewable (solar and wind)
and non-renewable (diesel generator) generation sources, accompanied by energy storage systems (batteries), network
reinforcement, and equipment upgrades to enhance its resilience against two specific weather events: hurricanes and
floods. The model is applied to the IEEE standard 33-bus network. The planning problem is defined as a costs function
while considering the environmental constraints. The optimization problem is structured as a probabilistic programming
model and solved using the CPLEX solver in the GAMS software.

The results obtained from case studies on the IEEE standard 33-bus network demonstrate the efficiency of the proposed
model in minimizing costs and increasing system resilience.
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1. Motivation of the work

Energy plays a crucial role in the social and economic
development of countries in the worldwide. Nowadays,
renewable energy sources (RESs) are replaced with fossil
fuels due to their finite nature and the environmental
pollution they generate.
Among these renewable resources, solar panels and wind
turbines are widely utilized. Although RESs can generate
clean energy, their reliance on primary energy inputs,
results in variable power production. To address the
limitations of renewable energy sources and facilitate
their integration into the power grid, microgrids have
been introduced [1].
By increasing adoption of microgrid structures, the
installation planning of renewable resources has gained
significant issue, due to their high investment costs and
their variability and uncertainty.
On the other hand, global warming and climate change
have led to an increase in the occurrence of natural
disasters, such as storms and sudden floods, as modeled
as a resiliency in the microgrid problems.
Although the issue of resilience has attracted significant
attention from researchers today, there are still few
studies that focus on resilience during the planning stage.
A review on the planning studies which focused on the
resilience uncovers several gaps, as listed:
1- Lack of consideration for environmental constraints
in selecting options,
2- Omission of renewable power plant combinations
and their uncertainties in resilience planning,
3- Failure to address the simultaneous occurrence of
floods and storms within a single model.
This study presents a comprehensive model to address
the identified gaps.

2. Contributions

In this study, the contributions are listed as below:

1- Probabilistic planning of distributed generation
resources, including renewable sources (solar and
wind), non-renewable sources (diesel generators),
and storage systems (batteries), are done by
considering uncertainties.

2- The simultaneous occurrence of floods and
earthquakes has been modeled within the
resilience framework.

3- Environmental constraints have been considered
in selecting options to enhance resilience.

4- Hardening of utility poles and solar panels,
elevating of solar panels, and using of flexible
loads are used as options for increasing resilience.

3. Procedures

The objective of this planning issue is to minimize the
total cost, which includes the investment costs of DERsS,
the average or expected hardening costs of the
equipment, and the expected operating costs of the
microgrid over the lifetime of the equipment.

The total investment cost refers to the sum of all
expenses incurred for the installation of equipment in the
microgrid, which includes wind turbines, photovoltaic
units, diesel generators, and batteries.

The expected total cost of hardening includes hardening
costs of poles, photovoltaic units, and the expected cost
of elevating solar panels.Moreover, the constraints of the
problem are defined as follows:

1- the number of distributed generation resources to be
installed in the microgrid.

2- the power output of DERs. It is notable that due to
the wvariability and uncertainties in wind power
generation and solar radiation intensity, the power
output of wind turbines and photovoltaic units must
incorporate time and possible scenarios to account
for these uncertain variables.

3- power exchange with the upstream grid.

4- the amount of load shedding at each bus.

5- the maximum allowable carbon dioxide emissions
produced by diesel generators in each scenario.

6- load flow constraints at each hour and for each
scenario, where for simplicity, DC load flow is
used.

To validate the results, several cases have been simulated
and the total investment costs, including the number and
location of installed DERSs, as well as the costs associated
with hardening and elevating of equipment, have been
compared with each other.

To implement the proposed model, the standard IEEE 33-
bus radial distribution network has been chosen as the
under study microgrid. A mixed-integer linear
programming optimization problem has been utilized to
model the problem, which is solved using CPLEX solver
of GAMS.

4. Findings

The calculated results show that, the investment cost is
about Y+413¢% § for the installation of three wind
turbines, three photovoltaic units, one diesel generator,
and two batteries.

The results revealed that load shedding occurs at only
seven buses at 21:00 in the third scenario, which
corresponds to peak load conditions with zero wind
power generation. In this situation, the purchased power
from the upstream grid is noted to be 0.5 kW.

Since, the maximum wind speed can change over time,
this study investigates the planning problem under
multiple cases of varying wind speeds. The results
indicate that the main reason of difference in total costs
in different wind speeds is the variation in the expected
costs for hardening of utility poles. This is because of the
significant impact of the maximum storm wind speed
parameter on the selection of the type of poles used for
hardening.

5. Conclusion

In this paper, the resilient and optimal planning of a
microgrid is modeled, taking into account uncertainties in
load, the occurrences rate of flood and storm, and the
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output power of renewable resources. The optimal
solution to this model provides a decision framework for
microgrid planning that coordinate hardening and optimal
installation of DERs, thereby enhancing the microgrid's
resilience against weather-related disasters. Additionally,
by considering load shedding and the scheduling of diesel
generator production and purchasing power from the
upstream grid, resilient operation of the microgrid is
ensured.

The proposed strategy involves installing distributed
generation resources, managing load shedding, hardening
utility poles and solar panels to withstand storms, and
elevating solar panels above ground level to mitigate
flood risks. By installing distributed generation resources,
power can be supplied on-site for critical loads and
equipment during severe weather events and power
outages. In situations of power scarcity, load shedding
can help simultaneously implementing four actions:
prioritize and maintain power for more critical loads.
Hardening equipment with stronger materials can further
enhance their resilience against severe weather
phenomena.
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