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Abstract
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This paper presents a novel approach for solving the security-constrained optimal power
flow (SCOPF) optimization problem using parallel Computing. In this approach, switched

shunt banks, generation power ramp, and demand response are considered in the SCOPF
by maximizing the market surplus during regular operation and for a set of contingencies of
branches and generators. The optimization problem is solved using the Nonlinear Interior
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Point Method. The contingency assessment is paralleled in multiple CPU cores to decrease DOI:

the computation time. Additionally, the test systems used in ARPA-GO competition were
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used and compared with the ARPA benchmark results to assess the proposed algorithm.
The numerical results show this method is suitable for fast SCOPF using paralleling

Computing.

1. Introduction

Power systems must operate in energy equilibrium in a secure,
reliable, economical, and sustainable way; commonly contrary
issues. Hence, tools to optimize the planning, maintenance, and
operation of electrical networks are required. The optimal
power flow (OPF) is a well-known problem [1] where the power
balance and generation, thermal and voltage limits among
other constraints are considered. However, the solution of this
formulation could be non-optimal or insecure if contingencies
occur in the grid. To securely operate considering the multiple
contingencies  that could arise, the OPF needs to be
reformulated considering security  constraints.  This
reformulation is known as Security Constraint Optimal Power
Flow (SCOPF). According to Cain et al. [2], an improvement of 5
% in the speed efficiency of the SCOPF algorithm can save
between 619% in the U.S and it can also save between 2687$ in
the world. lllustrating, these savings are close to 1x10* of the
2021 annual investment in the power sector [3].

To increase the performance of the SCOPF algorithm many
advantages are obtained. However, in order to employ SCOPF
during real-time operation, the solution of this optimization
problem needs to be computationally efficient given the well-
known issues of OPF such as non-convexity [4], network size,
integer-mixed variable decisions, among others. Therefore, to
reduce the solution time of SCOPF algorithms, two approaches
have been proposed. For one hand, to select a set of critical
contingencies [5,6]. For other hand, to simplify the problem
using a linear approximation [Mithun2010].

Given the uncertainty in reducing the number of contingencies
or using linear approximations during the planning and
operation of the next-generation energy systems, a robust
SCOPF assessment is required [7], However, this kind of
algorithm presents a high computational cost. New approaches
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emerge to face this challenge, such as the use of reinforced
learning (artificial intelligence algorithms) to operate networks
during contingencies [8] or paralleling the Computing of the
SCOPF by employing High-Performance Computing (HPC), both
to reduce the computation cost. The issue with reinforced
learning is that an artificial agent needs to be trained for each
network with known states, therefore HPC is commonly used for
different applications for power systems. For instance, in
Rodriguez et al. [9] an embedded computer is used to partially
solve power flows paralleling the Newton-Raphson algorithm. In
[10,11] a hybrid CPU-GPU approach to solving power flows
using Parallel Computing is employed. Finally, in Zhou and Feng
[12] a Multi-CPU/Core Computing Environment is used for
contingency analysis showing an acceleration ratio of 2.69x10"
compared with sequential processing. However, the OPF is not
considered.

Based on the reported benefits of employing HPC in power
systems applications [13,14], in this paper a novel SCOPF
analysis using parallel computing is addressed. This approach
maximizes the market surplus during regular operation and
contingencies, considering network constraints of power
generation and load ramps. Also, generators’ active and reactive
capacity, lines and transformers thermal limits, switchable
shunts, voltage security limits, and price responsive demand are
considered. The main contributions of this paper are
summarized as follows:

A novel SCOPF algorithm is proposed to run in parallel. This
algorithm is divided in two main stages, first one where a
OPF is solved for a base case optimizing the market surplus,
and a second one where each contingency is solved in
parallel in order to obtain the conditions to operate the
system in a secure condition. The contingency assessment
is performed by solving an OPF with both power generation
and demand costs equal to zero and using the OPF base
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