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Project Motivation

ACOPF-feasibility solutions, are critical for reliable power system operations. However, DCOPF, com-
monly used for its computational efficiency, neglects voltage control and reactive power management,
leading to feasibility violations in ACOPF. By integrating DCOPF outputs with ACPF solutions and analyz-
ing inequality constraints, this study explores methods to improve ACOPF feasibility.

Main Objectives

Tackling voltage control and reactive power challenges in power grids:

Violation Detection: Apply VDK-GPs to identify voltage violations post DC-OPF market clearing.
Volt-VAR Control: Recommend Qgs to mitigate voltage issues while keeping market-cleared Pg.
Market Update: Iteratively refine poor market-clearing solutions, using custom ACPF.
Model Validation: Use ACOPF as ground truth to assess model accuracy.

Figure 1. State machine for bus-type switching concept

Dynamic Bus-type Switching Framework

The dynamic bus-type switching framework ensures generators do not exceed Qg limits.

State Transition Logic:
If s = PV:

Qgk =
(
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gk
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: Minimum and maximum reactive power limits. V sp

g : Voltage magnitude setpoint.

Design of CustomACPF

The Custom ACPF was integrated into a pipeline with bus-type switching and distributed slack:

Dynamic Bus-type Switching: Allows seamless transitions between PV and PQ buses.
Distributed Slack: Handles varying slack bus locations with precise Jacobian adjustments.
Voltage Initializations: Observing ACPF constraint violations with different initial voltages.

Block Diagram

The block diagram below provides an overview of the project, outlining major stages.

Figure 2. Project block diagram

Distributed Slack Formulation

The distributed slack accounts for system mismatches and losses.

Loss Computation:
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Real Power Distribution:
Pg = P 0

g + fig · KG (3.2)

Power Flow Jacobian: The Jacobian matrix incorporates slack effects:

Jds =
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4
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Âloss: Losses in the system. fig: Participation factor for generator. KG: Total losses.

(a) Voltage plot with violations for 3 different initializations (c14) (b) Voltage plot with violations for 3 different initializations (c39)

(c) Comparison of losses (Vline, Vload) across various cases (d) Pg:ACPF vs. DCOPF (before and after bus switching) comparison

Figure 3. Observations of voltage, active and reactive power violations on the DCOPF-ACPF pipeline
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Fig.3 – Project Pipeline (DCOPF->ACPF)
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[5] Designed using SolidWorks
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Fig.3 – Single Slack
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• Tolerance-aware Bus-switching
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Fig.3 – Single SlackFig.3 – Distributed Slack
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Fig. 2: ACTIVSg70k: 70,000 bus power grid network on the
footprint of Eastern United States.

enabling use in optimal power flow studies [30] and transient
stability studies. The publicly available test cases prior to
these were smaller and lacked geographical information. To
truly represent the actual grid, test cases needed to span
a geography similar to actual power networks. Figure 1
shows a power grid spanning the geography of Texas, and
Figure 2 shows the network on the footprint of the Eastern US.

4. Datasets from the GO Competition Challenge

ARPA-E started the Grid Optimization (GO) competition
to address the challenges faced by the power grid. According
to ARPA-E [31], before the GO competition, most of new
research in power flow algorithms rarely advanced past the
initial stages, and there were limited means to compare
various optimization methods directly. Due to this, it was
difficult to understand the exact strengths and weaknesses of
various optimal power flow algorithms. Thus, to address the
Security Constrained Optimal Power Flow (SCOPF) problem,
Grid Optimization competition was started. Texas A&M
University was part of the dataset creation team, and the
cases created for this competition are added to this repository.
[32] provides a summary of the different datasets developed
under this project. Using a similar approach as the previous
section, four different test cases with 617, 2k, 12k and 31k
buses were created.

5. Datasets for ARPA-E PERFORM Program

The Performance-based Energy Resource Feedback Opti-
mization and Risk Management (PERFORM) project [33]
aims to create grid management systems that assess and
balance risk across all grid assets (conventional and emerg-
ing intermittent sources). Incorporating increasing intermittent
renewable resources calls for an economical and reliable grid
that fully utilizes emerging technologies. Large-scale electric
grid datasets with realistic but not real information are best to
reflect different scenarios.

Under this project, a 6,700-bus grid model emulating the
Electric Reliability Council of Texas (ERCOT) area and a
23,600-bus grid model representative of the US Midwest were
developed. Realistic voltage levels are used for these cases
to mimic actual grid problems in these footprints, including
345kV, 138kV, and 69kV for the ERCOT grid and 500kV,

345kV, 230kV, 161kV, 138kV, 115kV and 69kV for Midwest
grid.

The data for generators in the synthetic models comes
from the Energy Information Administration’s Form EIA-860
[34], as of the end of 2019. Initially, census data was used
to estimate electricity demand (load), but it has since been
updated to reflect real-world consumption patterns better (
[35], [36]). These detailed load profiles are used to generate
time series data for a sample year, included with the grid data.

To support the development of solvable synthetic cases
for alternating current power flow, voltage control devices,
phase shifters, and impedance correction tools have been
integrated. This integration is part of a reactive power
planning strategy, ensuring the grid can effectively manage
varying power flow conditions. These grids also include
detailed generator models, such as improved cost curves and
temporal constraints.

6. Special Cases

6.1 Combined Transmission and Natural Gas Pipeline

After the impact of winter storm Uri, it was evident that
natural gas outages had a major impact on the reliability of the
power grid [37]. Fictitious test cases were developed to help
with studying combined electric-gas systems. The repository
includes two test cases: the Travis-150, corresponding to
the Austin-Travis county, and the Texas-6717, modeling the
transmission network and natural gas pipeline on the footprint
of Texas, US. The Travis-150 system is a 47-node synthetic
natural gas test case, which includes 23 loads and 46 pipelines.
The Texas combined electric-gas test case has 6717 electric
buses and 2459 natural gas nodes. The development and details
of these cases are provided in [38].

Fig. 3: Combined transmission and gas network for the Texas-
7k case.

6.2 Combined Transmission and Distribution Grids

While it is useful to decouple transmission and distribu-
tion(T&D) networks for focused studies, the growing use
of distributed energy resources (DERs) and electric vehicles
makes it important to understand how changes in one network
can affect the other. Also, since natural phenomena, such as
hurricanes, can affect both transmission and distribution, there
is a need to simulate both networks under different scenarios.
The methodology to combine the transmission and distribu-
tion of synthetic networks with geographical information is
explained in [39].
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Fig. 2: ACTIVSg70k: 70,000 bus power grid network on the
footprint of Eastern United States.

enabling use in optimal power flow studies [30] and transient
stability studies. The publicly available test cases prior to
these were smaller and lacked geographical information. To
truly represent the actual grid, test cases needed to span
a geography similar to actual power networks. Figure 1
shows a power grid spanning the geography of Texas, and
Figure 2 shows the network on the footprint of the Eastern US.

4. Datasets from the GO Competition Challenge

ARPA-E started the Grid Optimization (GO) competition
to address the challenges faced by the power grid. According
to ARPA-E [31], before the GO competition, most of new
research in power flow algorithms rarely advanced past the
initial stages, and there were limited means to compare
various optimization methods directly. Due to this, it was
difficult to understand the exact strengths and weaknesses of
various optimal power flow algorithms. Thus, to address the
Security Constrained Optimal Power Flow (SCOPF) problem,
Grid Optimization competition was started. Texas A&M
University was part of the dataset creation team, and the
cases created for this competition are added to this repository.
[32] provides a summary of the different datasets developed
under this project. Using a similar approach as the previous
section, four different test cases with 617, 2k, 12k and 31k
buses were created.

5. Datasets for ARPA-E PERFORM Program

The Performance-based Energy Resource Feedback Opti-
mization and Risk Management (PERFORM) project [33]
aims to create grid management systems that assess and
balance risk across all grid assets (conventional and emerg-
ing intermittent sources). Incorporating increasing intermittent
renewable resources calls for an economical and reliable grid
that fully utilizes emerging technologies. Large-scale electric
grid datasets with realistic but not real information are best to
reflect different scenarios.

Under this project, a 6,700-bus grid model emulating the
Electric Reliability Council of Texas (ERCOT) area and a
23,600-bus grid model representative of the US Midwest were
developed. Realistic voltage levels are used for these cases
to mimic actual grid problems in these footprints, including
345kV, 138kV, and 69kV for the ERCOT grid and 500kV,

345kV, 230kV, 161kV, 138kV, 115kV and 69kV for Midwest
grid.

The data for generators in the synthetic models comes
from the Energy Information Administration’s Form EIA-860
[34], as of the end of 2019. Initially, census data was used
to estimate electricity demand (load), but it has since been
updated to reflect real-world consumption patterns better (
[35], [36]). These detailed load profiles are used to generate
time series data for a sample year, included with the grid data.

To support the development of solvable synthetic cases
for alternating current power flow, voltage control devices,
phase shifters, and impedance correction tools have been
integrated. This integration is part of a reactive power
planning strategy, ensuring the grid can effectively manage
varying power flow conditions. These grids also include
detailed generator models, such as improved cost curves and
temporal constraints.

6. Special Cases

6.1 Combined Transmission and Natural Gas Pipeline

After the impact of winter storm Uri, it was evident that
natural gas outages had a major impact on the reliability of the
power grid [37]. Fictitious test cases were developed to help
with studying combined electric-gas systems. The repository
includes two test cases: the Travis-150, corresponding to
the Austin-Travis county, and the Texas-6717, modeling the
transmission network and natural gas pipeline on the footprint
of Texas, US. The Travis-150 system is a 47-node synthetic
natural gas test case, which includes 23 loads and 46 pipelines.
The Texas combined electric-gas test case has 6717 electric
buses and 2459 natural gas nodes. The development and details
of these cases are provided in [38].

Fig. 3: Combined transmission and gas network for the Texas-
7k case.

6.2 Combined Transmission and Distribution Grids

While it is useful to decouple transmission and distribu-
tion(T&D) networks for focused studies, the growing use
of distributed energy resources (DERs) and electric vehicles
makes it important to understand how changes in one network
can affect the other. Also, since natural phenomena, such as
hurricanes, can affect both transmission and distribution, there
is a need to simulate both networks under different scenarios.
The methodology to combine the transmission and distribu-
tion of synthetic networks with geographical information is
explained in [39].
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Fig. 2: ACTIVSg70k: 70,000 bus power grid network on the
footprint of Eastern United States.

enabling use in optimal power flow studies [30] and transient
stability studies. The publicly available test cases prior to
these were smaller and lacked geographical information. To
truly represent the actual grid, test cases needed to span
a geography similar to actual power networks. Figure 1
shows a power grid spanning the geography of Texas, and
Figure 2 shows the network on the footprint of the Eastern US.

4. Datasets from the GO Competition Challenge

ARPA-E started the Grid Optimization (GO) competition
to address the challenges faced by the power grid. According
to ARPA-E [31], before the GO competition, most of new
research in power flow algorithms rarely advanced past the
initial stages, and there were limited means to compare
various optimization methods directly. Due to this, it was
difficult to understand the exact strengths and weaknesses of
various optimal power flow algorithms. Thus, to address the
Security Constrained Optimal Power Flow (SCOPF) problem,
Grid Optimization competition was started. Texas A&M
University was part of the dataset creation team, and the
cases created for this competition are added to this repository.
[32] provides a summary of the different datasets developed
under this project. Using a similar approach as the previous
section, four different test cases with 617, 2k, 12k and 31k
buses were created.

5. Datasets for ARPA-E PERFORM Program

The Performance-based Energy Resource Feedback Opti-
mization and Risk Management (PERFORM) project [33]
aims to create grid management systems that assess and
balance risk across all grid assets (conventional and emerg-
ing intermittent sources). Incorporating increasing intermittent
renewable resources calls for an economical and reliable grid
that fully utilizes emerging technologies. Large-scale electric
grid datasets with realistic but not real information are best to
reflect different scenarios.

Under this project, a 6,700-bus grid model emulating the
Electric Reliability Council of Texas (ERCOT) area and a
23,600-bus grid model representative of the US Midwest were
developed. Realistic voltage levels are used for these cases
to mimic actual grid problems in these footprints, including
345kV, 138kV, and 69kV for the ERCOT grid and 500kV,

345kV, 230kV, 161kV, 138kV, 115kV and 69kV for Midwest
grid.

The data for generators in the synthetic models comes
from the Energy Information Administration’s Form EIA-860
[34], as of the end of 2019. Initially, census data was used
to estimate electricity demand (load), but it has since been
updated to reflect real-world consumption patterns better (
[35], [36]). These detailed load profiles are used to generate
time series data for a sample year, included with the grid data.

To support the development of solvable synthetic cases
for alternating current power flow, voltage control devices,
phase shifters, and impedance correction tools have been
integrated. This integration is part of a reactive power
planning strategy, ensuring the grid can effectively manage
varying power flow conditions. These grids also include
detailed generator models, such as improved cost curves and
temporal constraints.

6. Special Cases

6.1 Combined Transmission and Natural Gas Pipeline

After the impact of winter storm Uri, it was evident that
natural gas outages had a major impact on the reliability of the
power grid [37]. Fictitious test cases were developed to help
with studying combined electric-gas systems. The repository
includes two test cases: the Travis-150, corresponding to
the Austin-Travis county, and the Texas-6717, modeling the
transmission network and natural gas pipeline on the footprint
of Texas, US. The Travis-150 system is a 47-node synthetic
natural gas test case, which includes 23 loads and 46 pipelines.
The Texas combined electric-gas test case has 6717 electric
buses and 2459 natural gas nodes. The development and details
of these cases are provided in [38].

Fig. 3: Combined transmission and gas network for the Texas-
7k case.

6.2 Combined Transmission and Distribution Grids

While it is useful to decouple transmission and distribu-
tion(T&D) networks for focused studies, the growing use
of distributed energy resources (DERs) and electric vehicles
makes it important to understand how changes in one network
can affect the other. Also, since natural phenomena, such as
hurricanes, can affect both transmission and distribution, there
is a need to simulate both networks under different scenarios.
The methodology to combine the transmission and distribu-
tion of synthetic networks with geographical information is
explained in [39].
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Fig. 2: ACTIVSg70k: 70,000 bus power grid network on the
footprint of Eastern United States.

enabling use in optimal power flow studies [30] and transient
stability studies. The publicly available test cases prior to
these were smaller and lacked geographical information. To
truly represent the actual grid, test cases needed to span
a geography similar to actual power networks. Figure 1
shows a power grid spanning the geography of Texas, and
Figure 2 shows the network on the footprint of the Eastern US.

4. Datasets from the GO Competition Challenge

ARPA-E started the Grid Optimization (GO) competition
to address the challenges faced by the power grid. According
to ARPA-E [31], before the GO competition, most of new
research in power flow algorithms rarely advanced past the
initial stages, and there were limited means to compare
various optimization methods directly. Due to this, it was
difficult to understand the exact strengths and weaknesses of
various optimal power flow algorithms. Thus, to address the
Security Constrained Optimal Power Flow (SCOPF) problem,
Grid Optimization competition was started. Texas A&M
University was part of the dataset creation team, and the
cases created for this competition are added to this repository.
[32] provides a summary of the different datasets developed
under this project. Using a similar approach as the previous
section, four different test cases with 617, 2k, 12k and 31k
buses were created.

5. Datasets for ARPA-E PERFORM Program

The Performance-based Energy Resource Feedback Opti-
mization and Risk Management (PERFORM) project [33]
aims to create grid management systems that assess and
balance risk across all grid assets (conventional and emerg-
ing intermittent sources). Incorporating increasing intermittent
renewable resources calls for an economical and reliable grid
that fully utilizes emerging technologies. Large-scale electric
grid datasets with realistic but not real information are best to
reflect different scenarios.

Under this project, a 6,700-bus grid model emulating the
Electric Reliability Council of Texas (ERCOT) area and a
23,600-bus grid model representative of the US Midwest were
developed. Realistic voltage levels are used for these cases
to mimic actual grid problems in these footprints, including
345kV, 138kV, and 69kV for the ERCOT grid and 500kV,

345kV, 230kV, 161kV, 138kV, 115kV and 69kV for Midwest
grid.

The data for generators in the synthetic models comes
from the Energy Information Administration’s Form EIA-860
[34], as of the end of 2019. Initially, census data was used
to estimate electricity demand (load), but it has since been
updated to reflect real-world consumption patterns better (
[35], [36]). These detailed load profiles are used to generate
time series data for a sample year, included with the grid data.

To support the development of solvable synthetic cases
for alternating current power flow, voltage control devices,
phase shifters, and impedance correction tools have been
integrated. This integration is part of a reactive power
planning strategy, ensuring the grid can effectively manage
varying power flow conditions. These grids also include
detailed generator models, such as improved cost curves and
temporal constraints.

6. Special Cases

6.1 Combined Transmission and Natural Gas Pipeline

After the impact of winter storm Uri, it was evident that
natural gas outages had a major impact on the reliability of the
power grid [37]. Fictitious test cases were developed to help
with studying combined electric-gas systems. The repository
includes two test cases: the Travis-150, corresponding to
the Austin-Travis county, and the Texas-6717, modeling the
transmission network and natural gas pipeline on the footprint
of Texas, US. The Travis-150 system is a 47-node synthetic
natural gas test case, which includes 23 loads and 46 pipelines.
The Texas combined electric-gas test case has 6717 electric
buses and 2459 natural gas nodes. The development and details
of these cases are provided in [38].

Fig. 3: Combined transmission and gas network for the Texas-
7k case.

6.2 Combined Transmission and Distribution Grids

While it is useful to decouple transmission and distribu-
tion(T&D) networks for focused studies, the growing use
of distributed energy resources (DERs) and electric vehicles
makes it important to understand how changes in one network
can affect the other. Also, since natural phenomena, such as
hurricanes, can affect both transmission and distribution, there
is a need to simulate both networks under different scenarios.
The methodology to combine the transmission and distribu-
tion of synthetic networks with geographical information is
explained in [39].
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Fig. 2: ACTIVSg70k: 70,000 bus power grid network on the
footprint of Eastern United States.

enabling use in optimal power flow studies [30] and transient
stability studies. The publicly available test cases prior to
these were smaller and lacked geographical information. To
truly represent the actual grid, test cases needed to span
a geography similar to actual power networks. Figure 1
shows a power grid spanning the geography of Texas, and
Figure 2 shows the network on the footprint of the Eastern US.

4. Datasets from the GO Competition Challenge

ARPA-E started the Grid Optimization (GO) competition
to address the challenges faced by the power grid. According
to ARPA-E [31], before the GO competition, most of new
research in power flow algorithms rarely advanced past the
initial stages, and there were limited means to compare
various optimization methods directly. Due to this, it was
difficult to understand the exact strengths and weaknesses of
various optimal power flow algorithms. Thus, to address the
Security Constrained Optimal Power Flow (SCOPF) problem,
Grid Optimization competition was started. Texas A&M
University was part of the dataset creation team, and the
cases created for this competition are added to this repository.
[32] provides a summary of the different datasets developed
under this project. Using a similar approach as the previous
section, four different test cases with 617, 2k, 12k and 31k
buses were created.

5. Datasets for ARPA-E PERFORM Program

The Performance-based Energy Resource Feedback Opti-
mization and Risk Management (PERFORM) project [33]
aims to create grid management systems that assess and
balance risk across all grid assets (conventional and emerg-
ing intermittent sources). Incorporating increasing intermittent
renewable resources calls for an economical and reliable grid
that fully utilizes emerging technologies. Large-scale electric
grid datasets with realistic but not real information are best to
reflect different scenarios.

Under this project, a 6,700-bus grid model emulating the
Electric Reliability Council of Texas (ERCOT) area and a
23,600-bus grid model representative of the US Midwest were
developed. Realistic voltage levels are used for these cases
to mimic actual grid problems in these footprints, including
345kV, 138kV, and 69kV for the ERCOT grid and 500kV,

345kV, 230kV, 161kV, 138kV, 115kV and 69kV for Midwest
grid.

The data for generators in the synthetic models comes
from the Energy Information Administration’s Form EIA-860
[34], as of the end of 2019. Initially, census data was used
to estimate electricity demand (load), but it has since been
updated to reflect real-world consumption patterns better (
[35], [36]). These detailed load profiles are used to generate
time series data for a sample year, included with the grid data.

To support the development of solvable synthetic cases
for alternating current power flow, voltage control devices,
phase shifters, and impedance correction tools have been
integrated. This integration is part of a reactive power
planning strategy, ensuring the grid can effectively manage
varying power flow conditions. These grids also include
detailed generator models, such as improved cost curves and
temporal constraints.

6. Special Cases

6.1 Combined Transmission and Natural Gas Pipeline

After the impact of winter storm Uri, it was evident that
natural gas outages had a major impact on the reliability of the
power grid [37]. Fictitious test cases were developed to help
with studying combined electric-gas systems. The repository
includes two test cases: the Travis-150, corresponding to
the Austin-Travis county, and the Texas-6717, modeling the
transmission network and natural gas pipeline on the footprint
of Texas, US. The Travis-150 system is a 47-node synthetic
natural gas test case, which includes 23 loads and 46 pipelines.
The Texas combined electric-gas test case has 6717 electric
buses and 2459 natural gas nodes. The development and details
of these cases are provided in [38].

Fig. 3: Combined transmission and gas network for the Texas-
7k case.

6.2 Combined Transmission and Distribution Grids

While it is useful to decouple transmission and distribu-
tion(T&D) networks for focused studies, the growing use
of distributed energy resources (DERs) and electric vehicles
makes it important to understand how changes in one network
can affect the other. Also, since natural phenomena, such as
hurricanes, can affect both transmission and distribution, there
is a need to simulate both networks under different scenarios.
The methodology to combine the transmission and distribu-
tion of synthetic networks with geographical information is
explained in [39].
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Results: Voltage Kernel Density Estimate (Principled PF)
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• Voltage Distribution (with sensitives from 0, 2,10, 15%) for case IEEE 39
• For reference with a Single slack ACPF violations in 0% 5 -10% with Lossy DC 
[6] Zimmerman, R. D., Murillo-Sánchez, C. E., & Thomas, R. J. (2011). MATPOWER: Steady-State Operations, Planning, and Analysis Tools for Power Systems Research and Education. IEEE Transactions on Power Systems, 26(1), 12–19.

[7] Coffrin, C., Bent, R., & Sundar, K. (2018). PowerModels.jl: An Open-Source Framework for Exploring Power Flow Formulations. Proceedings of the 2018 Power Systems Computation Conference (PSCC), Dublin, Ireland.

[8] Los Alamos National Laboratory. Darwin High Performance Computing Cluster. Los Alamos National Laboratory (LANL), Los Alamos, NM, USA.

Fig.8 – Voltage Magnitude violations for DC-AC [6], [7], [8].
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Main Takeaways:

• Market Clearing requires a more Principled ACPF for Feasibility Check.

• DCOPF is never AC Feasible

• Significant Improvements in Violations for Voltage Magnitude (10%), Active 
Power Limits (60-70%), and Line Limits (x10), when using a Distributed Slack 
vs. a Single Slack bus. 
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Project Motivation

ACOPF-feasibility solutions, are critical for reliable power system operations. However, DCOPF, com-
monly used for its computational efficiency, neglects voltage control and reactive power management,
leading to feasibility violations in ACOPF. By integrating DCOPF outputs with ACPF solutions and analyz-
ing inequality constraints, this study explores methods to improve ACOPF feasibility.

Main Objectives

Tackling voltage control and reactive power challenges in power grids:

Violation Detection: Apply VDK-GPs to identify voltage violations post DC-OPF market clearing.
Volt-VAR Control: Recommend Qgs to mitigate voltage issues while keeping market-cleared Pg.
Market Update: Iteratively refine poor market-clearing solutions, using custom ACPF.
Model Validation: Use ACOPF as ground truth to assess model accuracy.

Figure 1. State machine for bus-type switching concept

Dynamic Bus-type Switching Framework

The dynamic bus-type switching framework ensures generators do not exceed Qg limits.

State Transition Logic:
If s = PV:

Qgk =
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g , or s = PQ at max and Vg > V sp

g :
s æ PV. (1.2)

Qmin
gk

, Qmax
gk
: Minimum and maximum reactive power limits. V sp

g : Voltage magnitude setpoint.

Design of CustomACPF

The Custom ACPF was integrated into a pipeline with bus-type switching and distributed slack:

Dynamic Bus-type Switching: Allows seamless transitions between PV and PQ buses.
Distributed Slack: Handles varying slack bus locations with precise Jacobian adjustments.
Voltage Initializations: Observing ACPF constraint violations with different initial voltages.

Block Diagram

The block diagram below provides an overview of the project, outlining major stages.

Figure 2. Project block diagram

Distributed Slack Formulation

The distributed slack accounts for system mismatches and losses.

Loss Computation:

Âloss =
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Real Power Distribution:
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Power Flow Jacobian: The Jacobian matrix incorporates slack effects:

Jds =
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ˆP
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ˆQ
ˆ”

ˆQ
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3

5 + JÂ (3.3)

Âloss: Losses in the system. fig: Participation factor for generator. KG: Total losses.

(a) Voltage plot with violations for 3 different initializations (c14) (b) Voltage plot with violations for 3 different initializations (c39)

(c) Comparison of losses (Vline, Vload) across various cases (d) Pg:ACPF vs. DCOPF (before and after bus switching) comparison

Figure 3. Observations of voltage, active and reactive power violations on the DCOPF-ACPF pipeline
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Volt-VAR Control: Recommend Qgs to mitigate voltage issues while keeping market-cleared Pg.
Market Update: Iteratively refine poor market-clearing solutions, using custom ACPF.
Model Validation: Use ACOPF as ground truth to assess model accuracy.
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Extras (QnA)

A. Line Loss Approximation DCOPF Model

Classic DCOPF neglects reactive power and losses, causing
dispatch errors of 3–10 % and guaranteeing AC infeasibility
[3]. To shrink this gap we employ four complementary vari-
ants—all solvable as linear or quadratic programs:

a) Linearised-AC surrogate. Yang et al. embed voltage and
Q variables, cutting active-power error by 60–80 % on
IEEE and Polish cases [5].

b) Lazy-lossy PTDF. Coffrin’s iterative piecewise-linear loss
update converges in ⇠3 sweeps and reduces branch-flow
bias without leaving the LP realm [6].

c) Single-shot loss outer approximation. Zhao et al. add one
set of linear constraints that hold cost error below 0.5 %
on PSCC benchmarks [7].

d) ML-tuned parameters. Taheri & Molzahn learn optimal
reactance and loss factors from 30 000 ACOPF samples,
halving RMS LMP error and slashing dispatch mis-
alignment [8].

All four models solve in <50 ms for 13 k-bus grids on a
standard CPU, yet they deliver dispatches far closer to AC
reality than the textbook DCOPF. By passing the most AC-
respectful dispatch downstream, the subsequent ACPF stage
starts from a point already within—or very near—the true
feasibility region.

TABLE I: OVERVIEW OF DCOPF VARIANTS

Label Formulation Description

DC Angle [Pg, ⇥dc
g ] Vanilla DC (Lossless)

DC`1 PTDF [Pg] Linearized Line Loss Factor
DC`2 Angle [Pg, ⇥dc

g ] Quadratic Convex
DC`3 PTDF [Pg] Line Loss Outer Approximation
DC`4 Angle [Pg, ⇥dc

g ] ML-based DC Parameter Optimizer

B. Principled AC Power-Flow Model

The second stage runs a Newton–Raphson AC power flow
enhanced in two ways: real-power mismatch is shared among
all generators (distributed slack) and generator buses switch
from PV to PQ only when their reactive output genuinely
saturates, using a small tolerance band to prevent state-flipping
“chatter.” Together these features give the ACPF the stability
needed to process thousands of stressed dispatches without
operator tuning.

1) Dynamic Bus-Type Switching Design

Smooth enforcement: Switching is embedded via the com-
plementarity formulation of [18], keeping the Jacobian contin-
uous as each bus approaches its limit. With distributed slack
and this buffered switching logic, the solver resolves 90% of
stress-test scenarios that a flat-start, single-slack ACPF cannot
solve. Algorithm (1b) originates from Molzahn et al. [30],
where it provides a smooth, complementarity-based method
to model generator bus switching under reactive power limits.
By introducing slack variables and enforcing the conditions,
it ensures the switching behavior is embedded within a con-
tinuous optimization framework.

Algorithm 1a: Bus Switching Logic with Tolerances
Input: Initial state s 2 {PV, PQmin, PQmax

}

Generator reactive limits: Q
min
gi , Q

max
gi

Generator setpoint: Qgi
Voltage magnitude Vi and setpoint V sp

i
Tolerances: "q, "v > 0

Output: Updated bus type si for all i 2 N

1 foreach i 2 N do
2 if si = PV then
3 if Qgi < Q

min
gi � "q then

4 Qgi  Q
min
gi ;

5 si  PQmin;
6 else if Qgi > Q

max
gi + "q then

7 Qgi  Q
max
gi ;

8 si  PQmax;
9 else

10 si, remains unchanged;

11 else if si = PQmin and Vi > V sp
i + "v then

12 si  PV;
13 else if si = PQmax and Vi < V sp

i � "v then
14 si  PV;
15 else
16 si, remains unchanged;

Algorithm 1b: Smooth Bus Switching Formulation
Input: Voltage target: V

?
i for all i 2 N

Reactive limits: Qmin, Qmax

Complex voltage: Vi for all i 2 N

Complex current: Ii for all i 2 N

Output: Slack variables {V
+
i , V

�
i , xi} for all i 2 N

1 foreach i 2 N do
2 Slack constraint:
3 V

2
d,i + V

2
q,i  (V

?
i )

2
�V

�
i + V

+
i

4 Reactive mismatch:
5 xi  Q

max
i � fQ(Vd,i, Vq,i)

6 Complementarity:

V
�
i · xi = 0, V

+
i · (Q

max
i �Q

min
i � xi) = 0

7 Feasibility:
8 Q

max
i �Q

min
i � xi � 0

9 Non-negativity:
10 V

+
i , V

�
i , xi � 0

11 Reactive injection:
12 fQ  Vd,i · Iq,i �Vq,i · Id,i

13 Voltage decomposition:
14 Vd,i  <(Vi), Vq,i  =(Vi)

15 Current computation:
16 Ii  Gii · Vi +

P
j2N Yij · Vj

17 return {V
+
i , V

�
i , xi}

A. Line Loss Approximation DCOPF Model

Classic DCOPF neglects reactive power and losses, causing
dispatch errors of 3–10 % and guaranteeing AC infeasibility
[3]. To shrink this gap we employ four complementary vari-
ants—all solvable as linear or quadratic programs:

a) Linearised-AC surrogate. Yang et al. embed voltage and
Q variables, cutting active-power error by 60–80 % on
IEEE and Polish cases [5].
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update converges in ⇠3 sweeps and reduces branch-flow
bias without leaving the LP realm [6].

c) Single-shot loss outer approximation. Zhao et al. add one
set of linear constraints that hold cost error below 0.5 %
on PSCC benchmarks [7].

d) ML-tuned parameters. Taheri & Molzahn learn optimal
reactance and loss factors from 30 000 ACOPF samples,
halving RMS LMP error and slashing dispatch mis-
alignment [8].

All four models solve in <50 ms for 13 k-bus grids on a
standard CPU, yet they deliver dispatches far closer to AC
reality than the textbook DCOPF. By passing the most AC-
respectful dispatch downstream, the subsequent ACPF stage
starts from a point already within—or very near—the true
feasibility region.
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B. Principled AC Power-Flow Model

The second stage runs a Newton–Raphson AC power flow
enhanced in two ways: real-power mismatch is shared among
all generators (distributed slack) and generator buses switch
from PV to PQ only when their reactive output genuinely
saturates, using a small tolerance band to prevent state-flipping
“chatter.” Together these features give the ACPF the stability
needed to process thousands of stressed dispatches without
operator tuning.

1) Dynamic Bus-Type Switching Design

Smooth enforcement: Switching is embedded via the com-
plementarity formulation of [18], keeping the Jacobian contin-
uous as each bus approaches its limit. With distributed slack
and this buffered switching logic, the solver resolves 90% of
stress-test scenarios that a flat-start, single-slack ACPF cannot
solve. Algorithm (1b) originates from Molzahn et al. [30],
where it provides a smooth, complementarity-based method
to model generator bus switching under reactive power limits.
By introducing slack variables and enforcing the conditions,
it ensures the switching behavior is embedded within a con-
tinuous optimization framework.

Algorithm 1a: Bus Switching Logic with Tolerances
Input: Initial state s 2 {PV, PQmin, PQmax

}

Generator reactive limits: Q
min
gi , Q

max
gi

Generator setpoint: Qgi
Voltage magnitude Vi and setpoint V sp

i
Tolerances: "q, "v > 0

Output: Updated bus type si for all i 2 N

1 foreach i 2 N do
2 if si = PV then
3 if Qgi < Q

min
gi � "q then

4 Qgi  Q
min
gi ;

5 si  PQmin;
6 else if Qgi > Q

max
gi + "q then

7 Qgi  Q
max
gi ;

8 si  PQmax;
9 else

10 si, remains unchanged;

11 else if si = PQmin and Vi > V sp
i + "v then

12 si  PV;
13 else if si = PQmax and Vi < V sp

i � "v then
14 si  PV;
15 else
16 si, remains unchanged;

Algorithm 1b: Smooth Bus Switching Formulation
Input: Voltage target: V

?
i for all i 2 N

Reactive limits: Qmin, Qmax

Complex voltage: Vi for all i 2 N

Complex current: Ii for all i 2 N

Output: Slack variables {V
+
i , V

�
i , xi} for all i 2 N
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2 Slack constraint:
3 V

2
d,i + V

2
q,i  (V

?
i )

2
�V

�
i + V

+
i
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5 xi  Q
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i � fQ(Vd,i, Vq,i)
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V
�
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+
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max
i �Q
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i �Q
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+
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�
i , xi � 0
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P
j2N Yij · Vj

17 return {V
+
i , V

�
i , xi}

A. Line Loss Approximation DCOPF Model

Classic DCOPF neglects reactive power and losses, causing
dispatch errors of 3–10 % and guaranteeing AC infeasibility
[3]. To shrink this gap we employ four complementary vari-
ants—all solvable as linear or quadratic programs:

a) Linearised-AC surrogate. Yang et al. embed voltage and
Q variables, cutting active-power error by 60–80 % on
IEEE and Polish cases [5].

b) Lazy-lossy PTDF. Coffrin’s iterative piecewise-linear loss
update converges in ⇠3 sweeps and reduces branch-flow
bias without leaving the LP realm [6].

c) Single-shot loss outer approximation. Zhao et al. add one
set of linear constraints that hold cost error below 0.5 %
on PSCC benchmarks [7].

d) ML-tuned parameters. Taheri & Molzahn learn optimal
reactance and loss factors from 30 000 ACOPF samples,
halving RMS LMP error and slashing dispatch mis-
alignment [8].

All four models solve in <50 ms for 13 k-bus grids on a
standard CPU, yet they deliver dispatches far closer to AC
reality than the textbook DCOPF. By passing the most AC-
respectful dispatch downstream, the subsequent ACPF stage
starts from a point already within—or very near—the true
feasibility region.

TABLE I: OVERVIEW OF DCOPF VARIANTS

Label Formulation Description

DC Angle [Pg, ⇥dc
g ] Vanilla DC (Lossless)

DC`1 PTDF [Pg] Linearized Line Loss Factor
DC`2 Angle [Pg, ⇥dc

g ] Quadratic Convex
DC`3 PTDF [Pg] Line Loss Outer Approximation
DC`4 Angle [Pg, ⇥dc

g ] ML-based DC Parameter Optimizer

B. Principled AC Power-Flow Model

The second stage runs a Newton–Raphson AC power flow
enhanced in two ways: real-power mismatch is shared among
all generators (distributed slack) and generator buses switch
from PV to PQ only when their reactive output genuinely
saturates, using a small tolerance band to prevent state-flipping
“chatter.” Together these features give the ACPF the stability
needed to process thousands of stressed dispatches without
operator tuning.

1) Dynamic Bus-Type Switching Design

Smooth enforcement: Switching is embedded via the com-
plementarity formulation of [18], keeping the Jacobian contin-
uous as each bus approaches its limit. With distributed slack
and this buffered switching logic, the solver resolves 90% of
stress-test scenarios that a flat-start, single-slack ACPF cannot
solve. Algorithm (1b) originates from Molzahn et al. [30],
where it provides a smooth, complementarity-based method
to model generator bus switching under reactive power limits.
By introducing slack variables and enforcing the conditions,
it ensures the switching behavior is embedded within a con-
tinuous optimization framework.

Algorithm 1a: Bus Switching Logic with Tolerances
Input: Initial state s 2 {PV, PQmin, PQmax

}

Generator reactive limits: Q
min
gi , Q

max
gi

Generator setpoint: Qgi
Voltage magnitude Vi and setpoint V sp

i
Tolerances: "q, "v > 0

Output: Updated bus type si for all i 2 N

1 foreach i 2 N do
2 if si = PV then
3 if Qgi < Q

min
gi � "q then

4 Qgi  Q
min
gi ;

5 si  PQmin;
6 else if Qgi > Q

max
gi + "q then

7 Qgi  Q
max
gi ;

8 si  PQmax;
9 else

10 si, remains unchanged;

11 else if si = PQmin and Vi > V sp
i + "v then

12 si  PV;
13 else if si = PQmax and Vi < V sp

i � "v then
14 si  PV;
15 else
16 si, remains unchanged;

Algorithm 1b: Smooth Bus Switching Formulation
Input: Voltage target: V

?
i for all i 2 N

Reactive limits: Qmin, Qmax

Complex voltage: Vi for all i 2 N

Complex current: Ii for all i 2 N

Output: Slack variables {V
+
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i , xi} for all i 2 N

1 foreach i 2 N do
2 Slack constraint:
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9 Non-negativity:
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11 Reactive injection:
12 fQ  Vd,i · Iq,i �Vq,i · Id,i

13 Voltage decomposition:
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15 Current computation:
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Fig. 3: The generator bus-type switching logic. The blue curve
corresponds to the discrete logic in Algorithm (1a), where the bus
transitions between PV, PQmax, and PQmin states based on Qi and
Vi, with tolerances "q and "v to prevent chattering. The red curve
corresponds to the continuous formulation in Algorithm (1b), which
uses complementarity constraints, V

�
i · xi = 0 and V

+
i · (Qmax

i �

Qmin
i � xi) = 0, to enable smooth and differentiable switching

behavior for use in gradient-based solvers.

2) Distributed Slack Model in NRLF

Instead of assigning all real-power imbalance to a single ref-
erence generator, we distribute the total loss `total among online
units according to their upward headroom ri = Pmax

g,i � P set
g,i.

Dhople et al. show that such distributed slack yields a unique,
better-conditioned solution and cuts branch-flow error by 47
% on IEEE-300 [15]. Our implementation (Algorithm (2))
allocates a participation factor ⇡i = ri

�
⌃j2S ·rj , ⌃i2S⇡i = 1,

so generators with more reserve absorb a larger share of losses
(Fig. 4). The reserve-weighted scheme mirrors AGC practice,
keeps every Pg,i within its limits, and eliminates the single-
slack divergence observed in large PEGASE stress tests.

Algorithm 2: Reserve-Based Slack Distribution
Input: Generator setpoints: P

set
gi

Max limits: P
max
gi

Total loss: `total
Output: Updated generation targets Pgi for all i 2 G

1 foreach i 2 G do
2 ri  max(P

max
gi � P

set
gi , 0);

3 S  {i 2 G | ri > "};
4 R 

P
j2S rj ;

5 C  
P

j2S P
max
gj ;

6 foreach i 2 S do
7 if R > 0 then
8 ⇡i  

ri

R
;

9 else

10 ⇡i  
P

max
gi

C
;

11 Pgi  P
set
gi + ⇡i · |`total|;

12 return {Pgi}i2G
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Fig. 4: The reserve-based slack distribution as defined in Algo-
rithm (2). Only generators with nonzero upward reserves ri are
eligible to share the slack. The total loss `total is distributed ac-
cording to participation factors ⇡g , normalized such that ⌃i2S ·

⇡gi = 1. The reserve for each generator is defined as ri =

max
�
P

g,max
i � P

g,set
i , 0

�
. The red segment shows the current gen-

eration Pgi , while the blue segment indicates the available upward
reserve ri (headroom).

3) Voltage Initialization Selection

Let V0 denote the nominal voltage magnitude (typically
V0 = 1), and let � > 0 represent a symmetric perturbation
width. For each bus i 2 N , we define the initialization voltage
V0,i by uniformly sampling within the range:

V0,i ⇠ U(V0 � �, V0 + �), 8 i 2 N

This ensures that the voltage at each bus lies within the
interval

[Vmin, Vmax
] = [V0 � �, V0 + �].

Equivalently, we express this as:

V0,i = V0 � � + 2� · ui, where ui ⇠ U(0, 1)

When ui = 0, this yields V0,i = Vmin; when ui = 1,
it gives V0,i = Vmax. This formulation linearly interpolates
voltage values within the allowable range.

Cases Used:
• � = 0.02: V0,i = 0.98 + 0.04 · ui ⇠ U(0.98, 1.02)

• � = 0.03: V0,i = 0.97 + 0.06 · ui ⇠ U(0.97, 1.03)

• � = 0.04: V0,i = 0.96 + 0.08 · ui ⇠ U(0.96, 1.04)

Five distinct voltage initialization strategies are considered
for V0

2. The first uses V0 = Vopt, where voltage values are
drawn from the optimal ACOPF solution. The second adopts
a flat start with V0 = 1, consistent with standard initialization
following a DCOPF dispatch. The remaining three strategies
introduce randomized perturbations around the nominal volt-
age: a mild case where V0 ⇠ U0.98, 1.02, a moderate case
with V0 ⇠ U0.97, 1.03, and a wide perturbation given by
V0 ⇠ U0.96, 1.04. These stochastic initializations are used
to evaluate warm-start sensitivity and the robustness of the
AC solver under practical variability.

2All randomized voltage initializations are constraint-aware: each V0,i

satisfies V min
i  V0,i  V max

i . Perturbations are limited to at most
±0.04 from the nominal V = 1 appropriate for any case. For example,
case pegase_1354 permits voltages in [0.9, 1.1], while case ieee_118
allows a tighter range of [0.94, 1.06].

4) Complete AC–DC Pipeline

Our DCOPF–ACPF pipeline (Fig. 15) systematically links
an economic dispatch with a full AC feasibility check through
principled, physics-aware mechanisms. This integration en-
ables rapid evaluation of dispatch feasibility under realistic
grid constraints, especially at scale.

The process begins with a lossy DCOPF that computes
an initial dispatch {P

set
gi

} subject to active power balance and
line flow constraints. This DCOPF result is passed to the
ACPF solver, which must assess its physical feasibility under
nonlinear AC conditions.

To ensure that power balance is preserved under AC

physics, the ACPF accounts for two primary mismatches: (i)
the difference between total load and dispatched generation,
and (ii) the real power lost in the network due to resistive
elements. These are formalized by:

Equations (3a), (3b), (3c), and (3d) describe the total
balance, load mismatch, and line losses, respectively. Equa-
tions (4), (5), and (6) define the slack distribution mechanism.

Total balance:
X

i2G
Pgi =

X

i2L
Pdi + `total (3a)

Load mismatch: `load =

X

i2L
Pdi �

X

i2G
P

set
gi

(3b)

`line =

nX

k=1

V 2
i Gii +

nX

i=1

nX

j>i

2VkVjGij cos(✓i � ✓j) (3c)

Total slack: `total = `load + `line (3d)

Rather than assign this mismatch `total to a single slack
bus, our framework distributes it across all generators with
available upward headroom. For each generator, the reserve
margin is computed as:

ri = max
�
P

max
gi

� P
set
gi

, 0
�

(4)

Participation weights are assigned proportionally to avail-
able reserves:

⇡i =
riP

j2S rj
,

X

i

⇡i = 1 (5)

Each generator then receives a slack-adjusted real power
target:

Pgi = P
set
gi

+ ⇡i · |`total| (6)

Meanwhile, the ACPF solver uses the dynamic bus-type
switching logic to ensure reactive feasibility: buses switch
from PV to PQ when their Q output hits physical limits
Section (IV-B1), using a tolerance band to avoid instability.

Together, these components allow the pipeline to ac-
cept a DCOPF dispatch and compute its full AC feasibil-
ity—including voltage violations, generator limits, and trans-
former/line loading—without requiring a full ACOPF solve.

This modular setup also enables flexible substitution of solvers
and formulations at each stage.

V. NUMERICAL EXPERIMENTS

A. Test Cases Studied

matpower, pandapower, Number equations consecu-
tively. To make your equations more compact, you may use
the solidus ( / ), the exp function, or appropriate exponents.
Italicize Roman symbols for quantities and variables, but not
Greek symbols. Use a long dash rather than a hyphen for a
minus sign. Punctuate equations with commas or periods when
they are part of a

TABLE II: SUMMARY OF TEST SYSTEMS FROM MATPOWER

Source System Buses Branches Generators

IEEE ieee_rts_24 24 38 33
ieee_30 30 41 6
ieee_ne_39 39 46 10
ieee_118 118 186 54

ACTIVSg ACTIVSg_200 200 245 49
ACTIVSg_500 500 597 90
ACTIVSg_2000 2,000 3,206 544

RTE rte_6468 6,468 9,000 1,296
rte_6470 6,470 9,005 1,331

PEGASE pegase_89 89 210 12
pegase_1354 1,354 1,991 260
pegase_2869 2,869 4,582 510
pegase_9241 9,241 16,049 1,445
pegase_13659 13,659 20,467 4,092

B. DCOPF Variants with Base ACPF

Number equations consecutively. To make your equations
more compact, you may use the solidus ( / ), the exp
function, or appropriate exponents. Italicize Roman symbols
for quantities and variables, but not Greek symbols. Use a long
dash rather than a hyphen for a minus

TABLE III: BASE CASE: 0% PERTURBATION WITH VARYING

DCOPF ! ACPF PIPELINES

Test case Pipeline Act. Power React. Power Volt. Limit Line Limit

Max %pct Max %pct Max %pct Max %pct

ACTIVSg200

DC ! AC 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`1 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`2 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`3 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg500

DC ! AC 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`1 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`2 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`3 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase1.3k

DC ! AC 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`1 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`2 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`3 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg2k

DC ! AC 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`1 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`2 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`3 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase9.2k

DC ! AC 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`1 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`2 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`3 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase13.6k

DC ! AC 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`1 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`2 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
DC`3 ! ACbase 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
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Abstract—DC Optimal Power Flow (DCOPF) is widely utilized
in power system operations due to its simplicity and computa-
tional efficiency, particularly in market clearing. However, its
lossless, reactive power–agnostic model often yields dispatches
infeasible under nonlinear AC Power Flow (ACPF) equations.
As renewable integration grows and operational margins tighten,
reducing reliance on manual post-processing is increasingly
important. This paper presents a unified DCOPF–ACPF pipeline
and a comprehensive empirical study on recovering AC-feasible
solutions from DC-based dispatches. The framework (i) integrates
four modern loss-aware DCOPF formulations, (ii) applies an AC
feasibility check with distributed slack and PV-to-PQ switch-
ing, and (iii) introduces a simple constraint-informed voltage
initializer that reduces Newton iterations, relative to flat starts,
by 50% – for perturbations greater than 10% in load. Across
40,000 stochastic dispatch scenarios per test case, on systems
up to 13,659 buses, the method restores AC feasibility in 70% of
cases, increases convergence by 10%, reduces voltage and thermal
violation counts by 20%, and curbs maximum violations by order
O(10

�2
). The results offer a large-scale, training-free benchmark

for aligning economic dispatch with physical feasibility.
Index Terms—Optimal Power Flow, ACPF, Distributed Slack,

Loss-Augmented DCOPF, Voltage Initialization.

NOMENCLATURE

N Set of buses (each bus i, j 2 N )
E Set of lines (lines run from i! j or j ! i)
G, L Set of generators and loads (G, L ✓ N )
bij, gij Branch susceptance and conductance
Yi!j, Yj!i Complex branch line admittance
S

max
i!j , Smax

j!i Apparent power line limits
Imax
line Current vector line limits

Pmax
g ,Pmin

g Active power generation limits
Qmax

g ,Qmin
g Reactive power generation limits

Pgi , Qgi Active and reactive power generation
Sg Complex power generation; Pgi + jQgi

Pi, Qi Power injections; Pgi
� Pdi , Qgi

�Qdi

Pdi , Qdi
Active and reactive power demand

✓dc
i ,✓ac

i Voltage angles from DC and AC models
Vmax,Vmin Voltage magnitude limits
�!
Pij,
 �
Pij Active power flow with line directions

�!
Qij,
 �
Qij Reactive power flow with line directions

⇡g Slack participation factor for generators
`total, " Slack variable; `total = `load + `line, tolerance

I. INTRODUCTION

Electricity markets facilitate efficient generation, distri-
bution, and consumption of electrical energy by enabling
competitive trading between producers and consumers within a
regulated framework. However, as the transfer of electricity is
bounded by Kirchhoff’s laws, these markets must be cleared
such that they follow the physical laws. Thus, Independent
System Operators (ISOs) and Regional Transmission Organi-
zations (RTOs) settle wholesale energy markets in two stages.
First, a fast linear DC optimal power flow (DCOPF) determines
dispatch set-points and locational marginal prices; then an
AC power flow (ACPF) study verifies whether these setpoints
satisfy Kirchhoff’s laws, voltage limits, and thermal con-
straints [1], [2]. This split workflow arises from computational
necessity—DCOPF solves in milliseconds even for 10,000-
bus systems—but it inherits the DC model’s limitations: zero
reactive power, flat voltage magnitudes, and neglected line
losses. Furthermore, in [3], Baker demonstrated that, under
mild conditions, the feasible sets of DCOPF and ACOPF
are disjoint, so a conventional DCOPF optimum is never

AC-feasible. Field data reinforce this theoretical finding: a
Midcontinent ISO (MISO) audit indicated operator adjust-
ments in approximately one-third of hourly dispatches to
resolve voltage or thermal violations before implementation
[2]. Moreover, as inverter-based renewables tighten reactive
margins and real-time markets shorten clearing intervals, the
cost of manual corrective actions become untenable. Fig. 1
illustrates staged DCOPF dispatch under evolving net demand.

real time t�t1

Pg1

�t2

Pg2

�t3

Pg3

�t4

Pg4

Pg1

Pg2

Pg3

Pg4

Power delivered

P(t) =
P

Pgi

D(t) = L(t) � R(t)

1

Fig. 1: Each vertical arrow marks a staged DCOPF dispatch at
time ti, based on the net demand forecast D(t) = L(t)� R(t), with
L(t) as load and R(t) as expected renewables. As forecasts improve,
updated set-points Pgi are determined and retained. The stacked bars
at real-time t reveals the cumulative power injection, P(t) =

P
Pgi ,

which is checked for AC-feasibility under full network constraints.

TABLE IX: CONVERGENCE RATES (%)

Obj Gap (%) DCAC DC`1AC DC`2AC DC`3AC DC`4AC

ieee_rts_24 -2.30 +0.20 +0.18 -0.03 —
ieee_30 -2.30 +0.20 +0.18 -0.03 —
ieee_ne_39 -2.30 +0.20 +0.18 -0.03 —
pegase_89 -1.23 +0.05 -0.02 +0.03 —
ieee_118 -1.10 -0.05 -0.04 +0.01 —
ACTIVSg_200 -1.23 +0.05 -0.02 +0.03 —
ACTIVSg_500 -1.23 +0.05 -0.02 +0.03 —
pegase_1354 -3.11 -0.12 +0.00 -0.01 —
ACTIVSg_2000 -2.98 -0.07 +0.05 +0.09 —
pegase_2869 -2.98 -0.07 +0.05 +0.09 —
rte_6468 -1.23 +0.05 -0.02 +0.03 —
rte_6470 -1.23 +0.05 -0.02 +0.03 —
pegase_9241 -3.11 -0.12 +0.00 -0.01 —
pegase_13659 -2.98 -0.07 +0.05 +0.09 —

VI. SENSITIVITY ANALYSIS

In the sensitivity analysis, Gaussian multiplicative per-
turbations were applied to the active power demands Pd at
each load bus. For Pd > 0, the demand was scaled by a
factor ⇠ ⇠ N (1.0, �2

), where � denotes the perturbation
level (e.g., � = 0.10 for approximately ±10% variation). The
corresponding reactive power Qd was recomputed using a ran-
domly sampled power factor from the range [0.95, 1.0], while
preserving the original sign of Qd to distinguish inductive and
capacitive behavior. Loads with Pd  0 were excluded from
perturbation to maintain physical consistency.

This approach generates more realistic load uncertainty
compared to uniform perturbations while maintaining the
statistical properties necessary for robust sensitivity analysis.
Use the abbreviation “Fig. ??”, even at the beginning of a
sentence. [17] [1] [4] [7] [15] [27] [8] [31] [18] [16] [22] [32]
[33] [14] [26] [10] [19] [21] [34] [3] [5] [9] [23] [24] [25]
[20] [11] [13] [35] [12] [36] [6] [2] [37] [38]

A. Voltage Initialization Effects on Convergence

For the considered DCOPF-based and ACOPF formulation,
respectively, the mean absolute error (MAE) is given by
Equation (7):

MAE =
1

G

��p⇤DC!AC
g � p⇤AC

g

��
1

(7)

where G is the number of generators, p⇤ dc!ac
g is the

optimized generation vector after the DC-to-AC pipeline, and
p⇤ ac
g is the ACOPF-based reference.

B. Voltage Initialization Effects on Violations

TABLE X: BASE CASE: 0% PERTURBATION WITH

VARYING VOLTAGE INITIALIZATIONS

Test case Voltage Init. Act. Power React. Power Volt. Limit Line Limit

Max %pct Max %pct Max %pct Max %pct

ACTIVSg200
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg500
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase1.3k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase9.2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase13.6k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

TABLE XI: SENSITIVITY ANALYSIS: ±10% PERTURBATION

WITH VARYING VOLTAGE INITIALIZATIONS

Test case Voltage Init. Act. Power React. Power Volt. Limit Line Limit

Max %pct Max %pct Max %pct Max %pct

ACTIVSg200
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg500
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase1.3k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase9.2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase13.6k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

TABLE IX: CONVERGENCE RATES (%)

Obj Gap (%) DCAC DC`1AC DC`2AC DC`3AC DC`4AC

ieee_rts_24 -2.30 +0.20 +0.18 -0.03 —
ieee_30 -2.30 +0.20 +0.18 -0.03 —
ieee_ne_39 -2.30 +0.20 +0.18 -0.03 —
pegase_89 -1.23 +0.05 -0.02 +0.03 —
ieee_118 -1.10 -0.05 -0.04 +0.01 —
ACTIVSg_200 -1.23 +0.05 -0.02 +0.03 —
ACTIVSg_500 -1.23 +0.05 -0.02 +0.03 —
pegase_1354 -3.11 -0.12 +0.00 -0.01 —
ACTIVSg_2000 -2.98 -0.07 +0.05 +0.09 —
pegase_2869 -2.98 -0.07 +0.05 +0.09 —
rte_6468 -1.23 +0.05 -0.02 +0.03 —
rte_6470 -1.23 +0.05 -0.02 +0.03 —
pegase_9241 -3.11 -0.12 +0.00 -0.01 —
pegase_13659 -2.98 -0.07 +0.05 +0.09 —

VI. SENSITIVITY ANALYSIS

In the sensitivity analysis, Gaussian multiplicative per-
turbations were applied to the active power demands Pd at
each load bus. For Pd > 0, the demand was scaled by a
factor ⇠ ⇠ N (1.0, �2

), where � denotes the perturbation
level (e.g., � = 0.10 for approximately ±10% variation). The
corresponding reactive power Qd was recomputed using a ran-
domly sampled power factor from the range [0.95, 1.0], while
preserving the original sign of Qd to distinguish inductive and
capacitive behavior. Loads with Pd  0 were excluded from
perturbation to maintain physical consistency.

This approach generates more realistic load uncertainty
compared to uniform perturbations while maintaining the
statistical properties necessary for robust sensitivity analysis.
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A. Voltage Initialization Effects on Convergence

For the considered DCOPF-based and ACOPF formulation,
respectively, the mean absolute error (MAE) is given by
Equation (7):

MAE =
1

G

��p⇤DC!AC
g � p⇤AC

g

��
1

(7)

where G is the number of generators, p⇤ dc!ac
g is the

optimized generation vector after the DC-to-AC pipeline, and
p⇤ ac
g is the ACOPF-based reference.

B. Voltage Initialization Effects on Violations

TABLE X: BASE CASE: 0% PERTURBATION WITH

VARYING VOLTAGE INITIALIZATIONS

Test case Voltage Init. Act. Power React. Power Volt. Limit Line Limit

Max %pct Max %pct Max %pct Max %pct

ACTIVSg200
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg500
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase1.3k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase9.2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase13.6k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

TABLE XI: SENSITIVITY ANALYSIS: ±10% PERTURBATION

WITH VARYING VOLTAGE INITIALIZATIONS

Test case Voltage Init. Act. Power React. Power Volt. Limit Line Limit

Max %pct Max %pct Max %pct Max %pct

ACTIVSg200
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg500
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase1.3k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

ACTIVSg2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase9.2k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

pegase13.6k
V0 = Vopt 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = 1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.98, 1.02} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
V0 = U{0.97, 1.03} 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
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