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Executive Summary

The goal of this research project was to generate value from large-scale detailed and realistic
synthetic electric grids. This was accomplished by completing four sub-tasks: 1. Developing
customized grids, 2: Developing specific grid scenarios, 3: Exploring decision making with
uncertainty, 4: Expanding the scope of synthetic grids for coupling with other infrastructures

Task 1: Developing customized grids

For Task 1 we focused on the development, visualization, and application of large-scale synthetic
electric grids, with specific examples are provided in many of the papers given below in the
publications section. One of the challenges with doing engineering studies (such as power flow,
optimal power flow, contingency analysis and time-domain simulations) on these systems has been
maintaining good engineering situational awareness (SA). To address these challenges, we created
visualizations that quickly and dynamically reduced an 82,000 bus system to show the overall
system flows and the minimum bus voltages. We have also created several new synthetic grids, in
some cases extending the complexity of the grids (such as include transformer impedance
correction tables). These grids are available at https://electricgrids.engr.tamu.edu/ with details on
a new 27,000 bus grid.

Additionally, we explored the application of wide-area transmission grid operation visual
storytelling. The gist of this approach is to apply scientific video visualization approaches that
have been developing over the last decade in other fields to power system problems, with the
synthetic grids used to demonstrate the approach.

Task 2: Developing specific grid scenarios

In task 2 we extended synthetic grid models to consider potential future scenarios. In particular,
we used geolocated electric grid models to associate external data such as wildfire risk to electric
grid models. Initially, we focused on the small IEEE RTS-GMLC test case (geo-located in
California). However, to obtain more interesting and realistic test cases, we developed a test case
based on the actual geographical footprint of the California transmission grid. The development of
this test case involved gathering data from multiple publicly available sources, including data on
the transmission corridors in California obtained from the California Energy Commission and total
load data from CAISO. To create a synthetic topology grid based on the location of the
transmission lines, we developed methods to identify logical connection points between lines and
added simple substation topology. This synthetic grid topology based on the real transmission
corridor data was supplemented with realistic, but not real data on generation, load and
transmission line parameters.

The benefit of a geographically accurate test case with detailed transmission corridor data is the
ability to intersect the grid data with other interesting data sources describing the environmental
and social context of the grid. In our case, we again considered integration of wildfire risk data
(further described in Task 3), and are currently looking into extending this to account for additional
environmental hazards including flooding and sea level rise, as well socio-economic data on
population resiliency to disasters.
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https://electricgrids.engr.tamu.edu/

Task 3: Exploring decision making with uncertainty

To demonstrate the usefulness of the geographically accurate grid scenarios developed in Task 2,
we leveraged the same grid data towards the Task 3 objectives on decision making under
uncertainty. Specifically, we considered how to integrate electric grid and wildfire data to optimize
the response of electric grid operators to increased wildfire risk. Specifically, we developed a
model that uses the synthetic grid test case based on realistic geographical locations of
transmission lines in California along with data on wildfire risk across an entire wildfire season.
We overlapped publicly available GIS data from the actual California grid with the Wind-
Enhanced Fire Potential Index (WFPI) published daily by the US Geographical Survey and
developed several different wildfire risk metrics for each line. We then solved an optimization
problem to identify the lines that are most promising candidates for moving underground, i.e.,
which lines are likely to have the largest impact on risk reduction if they are moved under ground.

Further, the use of synthetic grids in our testbed allows us to explore user actions taken by different
roles (i.e., operators) in a “sandbox” environment. Using our cyber-physical testbed, we explored
ways to model and mimic operator actions, i.e., using deep reinforcement learning. We also used
our cyber-physical testbed capabilities to help develop a sharable/remotely accessible platform for
testing and comparison of these types of approaches for the community.

Task 4: Expanding the scope of synthetic grids for coupling with other infrastructures

For Task 4 we leveraged work done on a separate ARPA-E project (involving IAB partner NREL)
to develop synthetic electric grids that combine both transmission and distribution models down
to the parcel level with models of other infrastructures such as transportation now being included.
One example examined the impact of electric vehicle (EV) charging on the grid. Both the Texas
2000-bus and 7000-bus synthetic networks with their detailed distribution network topology were
used extensively for this. The charging load profile by the hour and location was generated using
dynamic traffic assignment simulations of transportation networks, incorporating parameters such
as time of day, trip characteristics, and drivers’ range anxiety. This spatio-temporal EV load was
then mapped to distribution or transmission nodes (as available) in the synthetic power grid
network by determining which substation service areas the transportation nodes lie in using graph-
theory techniques such as Voronoi tessellation. Detailed EV profiles and studies have been
completed for the Austin and Houston regions in Texas using passenger, light duty vehicle (LDV)
models. Charging impacts examined system/equipment loading and generator emissions. Our
research has also shown the importance of using large, regional, transmission system models in
performing multi-city EV load grid impact studies from the point of view of generation dispatch
and emissions.

Publications Fully or Partially Supported by the Project:

All publications are available online at either

Tom Overbye’s website, https://overbye.engr.tamu.edu/publications/

Kate Davis’s website, https://katedavis.engr.tamu.edu/publications/

Arxiv (Line Roald) https://arxiv.org/search/eess?searchtype=author&query=Roald%2C+L
Or by emailing the authors
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