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Outline

Part I: Los Alamos National Laboratory

• Introduction to Los Alamos National Lab.

• Introduction to A-1 Information Systems & Modeling Group

Part II: Research in T&D Optimization

• Background & Challenges

• Introduction to PowerModelsITD.jl

• Using PowerModelsITD.jl

• Experimental Test Cases
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Los Alamos National Laboratory (LANL)

• LANL is one of the world's largest and most advanced scientific institutions.

• Primary mission: 

• provide scientific and engineering support to national security programs.

• solve national security challenges through excellence.

• Located in Northern New Mexico, Los Alamos

A Common Goal (Video)
https://www.youtube.com/watch?v=g_QOV3UAjuk

https://www.linkedin.com/company/los-alamos-national-laboratory/

https://www.lanl.gov/

https://www.youtube.com/watch?v=g_QOV3UAjuk
https://www.linkedin.com/company/los-alamos-national-laboratory/
https://www.lanl.gov/
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Los Alamos National Laboratory (LANL)

Jobs: https://lanl.jobs/

LANL hires more than scientists!
• Job Alerts https://lanl.jobs/creative/jobalerts

• General talent community: https://lanl.jobs/creative/contact

• Student talent community: https://lanl.jobs/creative/students

• Military/Veterans community: https://lanl.jobs/creative/veterans

https://lanl.jobs/
https://lanl.jobs/creative/jobalerts
https://lanl.jobs/creative/contact
https://lanl.jobs/creative/students
https://lanl.jobs/creative/veterans
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LANL: A-1 Information Systems and Modeling Group

1. Critical Infrastructure Modeling Team

• Basic & applied research focused on:

• Modeling the nation’s critical infrastructures (e.g., Gas, Power, Water)

• Quantifying vulnerabilities in the nation’s critical infrastructures

• Developing algorithms for the nation’s critical infrastructures

2. Advanced Data Analytics and Forecasting Team

• Basic & applied research focused on:

• Modeling and understanding emerging threats
• Disinformation

• Disease outbreaks

• Political instability

• Nuclear proliferation

3. Chemical, Biological, and Radiological Agent Dispersion Modeling Team

• Provides research and modeling tools to national organizations to

• Protect and respond to chemical, biological, radiological, and other threats.

https://organizations.lanl.gov/a-1/

https://organizations.lanl.gov/a-1/
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Building capabilities for decision support for the:

• Department of Energy (DOE)
• Department of Defense (DoD)
• Federal Emergency Management Agency (FEMA)
• State government agencies (e.g., NM during COVID)
• and even up to the White House. 

LANL: A-1 Information Systems and Modeling Group
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1. Electric Power Systems
• Transmission (PowerModels.jl)

• Distribution (PowerModelsDistribution.jl

• T&D (PowerModelsITD.jl)

• Networked Microgrids (PowerModelsONM.jl)

2. Natural Gas Transmission Systems
• Natural Gas (GasModels.jl)

• Gas + Power (GasPowerModels.jl)

3. Potable Water Distribution Systems
• Potable Water (WaterModels.jl)

• Water + Power (PowerWaterModels.jl)

4. Other Projects
• Cyber-Physical Energy Systems

• MG-RAVENS (Application Programming Interfaces for Grid 
Modeling)

LANL: A-1 Critical Infrastructure Team

https://www.youtube.com/watch?v=D5k-lMicMPM

Gas Networks

Microgrids

https://github.com/lanl-ansi

Modeling & Optimization Ecosystem

Optimization

https://ww/
https://www.youtube.com/watch?v=D5k-lMicMPM
https://github.com/lanl-ansi
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1. A Framework for Exploring Power Flow Formulations
• Coffrin, C., Bent, R., Sundar, K., Ng, Y., & Lubin, M. (2018, June). Powermodels. jl: An open-source framework for exploring power flow formulations. In 2018 Power 

Systems Computation Conference (PSCC) (pp. 1-8). IEEE.

• PowerModels.jl: A Framework for Exploring Power Flow Formulations

2. GasModels.jl: Convex Relaxations for Gas Systems Modeling
• Tasseff, B., Coffrin, C., & Bent, R. (2021). Convex Relaxations of Maximal Load Delivery for Multi-contingency Analysis of Joint Electric Power and Natural Gas 

Transmission Networks. arXiv preprint arXiv:2108.12361.

3. Phase-Unbalanced Power Distribution Network Optimization with PowerModelsDistribution.jl
• Fobes, D. M., Claeys, S., Geth, F., & Coffrin, C. (2020). PowerModelsDistribution. jl: An open-source framework for exploring distribution power flow formulations. Electric 

Power Systems Research, 189, 106664.

• PowerModelsDistribution.jl: A Framework for Exploring Distribution Network Power Flow Formulations  

4. Microgrids for Resilience and Reliability
• Fobes, D. M., Bent, R., Jain, R., Flores-Espino, F., Pratt, A., Mahoney, R., ... & Reno, M. J. (2023). Quantifying resiliency benefits of networked microgrids using 

PowerModelsONM. jl.

• Fobes, D. M., Nagarajan, H., & Bent, R. (2022). Optimal Microgrid Networking for Maximal Load Delivery in Phase Unbalanced Distribution Grids: A Declarative Modeling 
Approach. IEEE Transactions on Smart Grid, 14(3), 1682-1691.

• R&D 100 - PowerModels ONM 

5. Towards the Secure Operation of Cyber-Physical Energy Systems
• Ospina Casas, J. J. (2022). Towards the Secure Operation of Cyber-Physical Energy Systems (CPES) (No. LA-UR-22-31034). Los Alamos National Lab.(LANL), Los 

Alamos, NM (United States).

• Ospina, J., Venkataramanan, V., & Konstantinou, C. (2022). CPES-QSM: A Quantitative Method Toward the Secure Operation of Cyber–Physical Energy Systems. IEEE 
Internet of Things Journal, 10(9), 7577-7590.

LANL: A-1 Critical Infrastructure - Example Projects

https://www.youtube.com/watch?v=AEEzt3IjLaM
https://www.youtube.com/watch?v=S7ouz2OP0tE
https://www.youtube.com/watch?v=D5k-lMicMPM
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LANL: A-1 Information Systems and Modeling Group

https://organizations.lanl.gov/a-1/#open-positions

https://organizations.lanl.gov/a-1/#open-positions
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Part II: Research in T&D Optimization - Outline

• Background & Challenges

• Introduction to PowerModelsITD.jl

• Using PowerModelsITD.jl

• Experimental Test Cases
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Background

• Conventional electric power systems 

(EPS) are composed of:

− Generation

− Transmission

− Distribution

• Managed independently by:

− Transmission system (TSOs) 

− Distribution system operators (DSOs). 
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Traditional Power Generation/Consumption

Generation Transmission

Distribution

Transformer

Fossil fuel plants

• Carbon

• Natural gas

Industrial 

plants

Residential

customers
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Advantages & Disadvantages

Generation Transmission Distribution

Transformer

Disadvantage:

A lot of energy is lost in this process!
• Around 2-6% in transmission

• Around 4% in distribution

Advantage:

Easy to optimize
(All coming from monolithic 
Generation sites)

http://insideenergy.org/2015/11/06/lost-in-transmission-how-much-electricity-disappears-between-a-power-plant-and-your-plug/

https://www.eia.gov/energyexplained/us-energy-facts/
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Efforts to Reduce Losses and Improve Efficiency 

1. Renewable energy sources (RES)

2. Energy storage devices (Batteries)

Distributed Energy 

Resources (DERs)

Reducing 

Fossil Fuel

Generation

Transmission Distribution

Transformer

Industrial 

plants

Residential

customers

Adding DERs close to the 

consumption

(At the distribution)
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Adding DERs (Issue)

• Just adding DERs everywhere is not a realistic solution

• A balance between Generation & Consumption needs to be always maintained

• If balanced is not maintained

• Blackouts can occur

• Transformers can explode

• Protection devices can be triggered
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Solution: Optimal control of DERs (Optimization)

We need to optimize the power/energy dispatch from DERs.

Obtain the exact power that each DER needs to dispatch (i.e., OPF).
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Optimizing is not that simple!

Power Flow Formulations: 

• Physical models that describe how the power flows on the lines.

More Accurate Less Accurate

Harder to solve Easier to solve

Bus 𝑖 Bus 𝑗 Bus 𝑖 Bus 𝑗

AC Polar 
DC 

approximation 

Pij = gijVi
2 − ViVj(gijcos 𝜃𝑖 − 𝜃𝑗 + bijsin(𝜃𝑖 − 𝜃𝑗)) Pij = −

1

𝑥𝑖𝑗
𝜃𝑗 − 𝜃𝑖

Local min

Saddle point

Global min

Non-Convex

Global min

Convex

?
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Modeling Problems: TSOs

• TSOs traditionally model distribution systems as consumers (loads).

Distribution system #1

Distribution system #2

Distribution system #3

Modeled as single-phase
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Modeling Problems : DSOs

• DSOs traditionally regard transmission systems as buses with 

unlimited resources (often modeled as voltage sources).

Voltage Source

Modeled as three-phase (multiconductor)

Connection to 

Transmission

System



212/2/2024 212/2/2024

Modeling Problems: Integration of DERs

• Distribution systems are becoming more active: 

− Integration of Distributed Energy Resources (DERs)

− Integration of Information & Communication Technologies (ICTs).

The assumption of distribution being just a passive load is 

unreasonable for optimal T&D operation. 
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Challenges

• Traditionally owned and operated by separate entities.

• Centralized models may not be scalable and hard to solve. (Assumption)

• Convergence issues with AC OPF (nonlinear, nonconvex formulations)

• No coordination of resources across T&D boundaries

Coordination between T&D networks will be imperative 

for the optimal operation of the power grid.

To fill this gap, we developed a first-of-its-kind tool that supports and 

enables the Co-optimization of T&D systems
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Outline

• Background & Challenges

• Introduction to PowerModelsITD.jl

• Using PowerModelsITD.jl

• Experimental Test Cases
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InfrastructureModels.jl

• Core package for multi-infrastructure modeling and optimization ecosystem 

https://github.com/lanl-ansi/InfrastructureModels.jl

https://github.com/lanl-ansi/InfrastructureModels.jl
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PowerModelsITD.jl

• Open-source tool (Written in Julia)

• Based on LANL multi-infrastructure ecosystem 

• Used for modeling and optimizing T&D systems 

• Solve steady-state ITD Optimal Power Flow (OPF)

• Evaluate diverse network formulations 

• Common research platform for emerging formulations

[1] https://github.com/lanl-ansi/PowerModelsITD.jl

[2] Ospina, J., et al. (2023). Modeling and Rapid Prototyping of Integrated Transmission-Distribution 

OPF Formulations with PowerModelsITD.jl. IEEE Transactions on Power Systems.

[3] Ospina, J., et al. (2023). On the Feasibility of Market Manipulation and Energy Storage Arbitrage 

via Load-Altering Attacks. Energies, 16(4), 1670.

+
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PowerModelsITD.jl: Problem Specifications

• Integrated T&D Power Flow (pfitd) – Power Flow

• Integrated T&D Optimal Power Flow (opfitd) – Optimal Power Flow

• Integrated T&D Optimal Power Flow with storage costs (opfitd_storage) 

• Integrated T&D Optimal Power Flow with on-load tap-changer (opfitd_oltc) 
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PowerModelsITD.jl: Formulations

NLP Formulations

− ACP-ACPU

▪ Power-Voltage, polar coordinates, non-linear (NLP)

− ACR-ACRU

▪ Power-Voltage, rectangular coordinates, non-linear 
(NLP)

− IVR-IVRU

▪ Current-Voltage, rectangular coordinates, non-linear 
(NLP)

Hybrid Formulations (Experimental)

− ACR-FOTRU

▪ Power-Voltage NLP, rectangular coordinates, 
First-Order Taylor Approximation

− ACP-FOTPU

▪ Power-Voltage NLP, polar coordinates, First-
Order Taylor Approximation

− ACR-FBSU

▪ Power-Voltage NLP, rectangular coordinates, 
Forward-Backward Sweep Approximation

− SOCBFM-LinDist3Flow 

▪ Second Order Cone Branch Flow Model 
Relaxation – W-space.

▪ Linear Approximation.

Linear Approximations

− NFA-NFAU 

▪ Network Flow Approximation

▪ Active power only, lossless, linear (LP)

− BFA-LinDist3Flow

▪ Branch Flow Approximation - Linear Approximation

Relaxations

− SOCBFM-SOCUBFM 

▪ Second Order Cone Branch Flow Model 
Relaxations – W-space.
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Mathematics at the T&D Boundaries
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Outline

• Background & Challenges

• Introduction to PowerModelsITD.jl

• Using PowerModelsITD.jl

• Experimental Test Cases
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The files needed to run OPFITD are:

Using PowerModelsITD.jl

Boundary fileTransmission file Distribution file(s)

MATPOWER (“.m”)

PSS(R)E v33 specification (".raw")

OpenDSS (".dss")

https://lanl-ansi.github.io/PowerModelsITD.jl/stable/manual/fileformat.html

JSON (".json")

other proprietary file 

formats supported

via DiTTo [25]

[25] “DiTTo (Distribution Transformation Tool),” 2021, Accessed: Aug. 06, 2021. [Online]. Available: https://github.com/NREL/ditto(support PowerWorld for PSSE conversions )
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Using PowerModelsITD.jl

Simple User Interface 

Case w/ 2 distro. systems

https://lanl-ansi.github.io/PowerModelsITD.jl/stable/tutorials/BeginnersGuide.html

Beginners Guide (Other examples)

https://lanl-ansi.github.io/PowerModelsITD.jl/stable/tutorials/BeginnersGuide.html
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Results

Transmission

Distribution

Boundary
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Outline

• Background & Challenges

• Introduction to PowerModelsITD.jl

• Using PowerModelsITD.jl

• Experimental Test Cases
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Experimental Test Cases: OPF ITD

Taxonomy

PNNL Cases [5]

Totals:

Buses/Nodes: 19,637 

(w/ +500 from transmission)

Edges: 20,595 (w/ +733 

from transmission)

55 17

PVs DGs

[5] Schneider, Kevin P., et al. Modern grid initiative distribution taxonomy final report. No. PNNL-18035. Pacific Northwest National Lab.(PNNL), Richland, 

WA (United States), 2008. 

224 Gens

13 distribution systems w/ 

759 - 3,403 nodes (range)



352/2/2024

Experimental Test Cases: OPF Results

Formulation $/hr Time (s) Iterations

ACP-ACPU 422,095.2350 525.154 94

IVR-IVRU 422,095.2348 360.954 99

NFA-NFAU 412,286.7567 10.860 24

ACR-FBSUBF 422,074.7218 226.852 97

BFA-LinDist3 412,286.7567 146.084 45

SOCBF-LinDist3 421,529.7893 241.203 75

Case PNNL - All Regions

CPU: x6 Cores @ 2.80 Ghz 

RAM: 128 GB

Solver:

Ipopt vers.: 3.14.4

MUMPS vers.: 5.4.1 
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Other Use Cases

T&D

Cyberattack evaluation [6]

[6] Ospina, J., Fobes, D. M., & Bent, R. (2023). On the Feasibility of Market Manipulation and Energy Storage Arbitrage via Load-Altering 

Attacks. Energies, 16(4), 1670. url: https://www.mdpi.com/1996-1073/16/4/1670

Hosting Limit

Capacity for

T&D
T&D Coordination

Transformer Deferral

https://www.mdpi.com/1996-1073/16/4/1670
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Future Work

1. Support new ITD formulations

• Relaxations
• Approximations
• Hybrids

2. Support decomposition-based formulations that allow:
• Parallel computation of large-scale problems

3. Build realistic T&D datasets
• Sufficiently large T&D networks
• Realistic 
• Lack of reliable large distribution systems datasets* (Open-source)

4. Explore applications & research (Collaborations)
• EVs/DERs integration and optimization studies
• Transformer Deferral Studies
• Cybersecurity-related studies in T&D networks
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Thank you

Questions?

Contacts:

• Juan Ospina: jjospina@lanl.gov

• David M Fobes: dfobes@lanl.gov 

mailto:jjospina@lanl.gov
mailto:dfobes@lanl.gov
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