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A Common Request From Industry

AWebre gathering all thi
figure out what to do with it?

A However, often, after a lot of talks with lawyers
to develop nondisclosure agreements (NDAS), at
most a subset of the desired data and/or models
IS available

I The data and models usually cannot be shared, and
often is a lot of associated metadata is removed

I There is a high cost to industry to provide this data

i1t 1 sndt jJjust the amount
terabytes!) but rather the breadth of the data and
whether the data is coupled to models m




Changing the Question

A Assume you have all the information possible
about the electric grid (data, models, coupled
Infrastructures) and can share it.

A And it can be provided with low access cost.

A What would you do with it?
I This allows for large amounts of data fusion!

A The focus of this talk is mostly on how to develop
this seemingly impossible information set

I And, of course, one can never know everything!
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Talk Overview

A The talk covers the development and application
of high quality, geographically-based synthetic
electric grids

What are they?
" How can they provide all possible information?
" How can they help to drive innovation?

I What is the current state-of-the-art?
" How are they being applied?
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I How are they created?

|
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i What 0s next ?




Synthetic Electric Grids

A Synthetic electric grids are models of electric
grids that were not created to represent any
actual electric grid

A The below image shows the five bus synthetic
grid | used as an undergraduate
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Figure 8.1 One-line diagram
for Example 8.1.

New York, 1982 (the first edition was in 1955)

Image Source: W.D. Stevensdilements of Power Systemrourth Edition, McGravHill Book CompanyATm
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Geographically-Based Synthetic
Electric Grids

A Synthetic electric grids can be created with or

A The image
shows an early
geographically-
based synthetic
electric grid

A This grid was
designed to
show concepts
to regulators

Image Source: PowerWorld Corporation, 1995




High-Quality, Geographically-Based

Synthetic Electric Grids
A High-quality synthetic electric grids are designed

to have a wide range of characteristics that are
similar to those found in actual electric grids
inReal i stic but not real oo
I Fictional, but hopefully good fiction

I Developed techniques can be applied to real grids

A However, importantly these grids are not
designed to try to duplicate any actual grid

A Over the last three years tremendous progress
has been made through ARPA-E at both the
transmission and distribution levels m




A Guiding Thought

A All models are wrong but some are useful,"
George Box, Empirical Model-Building and
Response Surfaces, (1987, p. 424)

I Models are an approximation to reality, not reality, so
they always have some degree of approximation

i Datamightb e 0 rbutgiduallpengineers want to use
it to predict or control the future, requiring models
ASynthetic grids canodot r
can be unrealistic, so | welcome your feedback on

where we have been unrealistic.
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Current Status: Large-Scale Grids
are Now Available

This is an 82,000 bus synthetic model that we publicly released

gt
#Grid has an
ATEPAC power flow
solution with
n-1 reliability




The Grids Have Dynamics Models

Transient Stability Time

(Sec): 0.000 The models and
all the data
associated with
this image are
public

Ongoing research is focused on developing more detailed
dynamic models, including the protection systems m




Highly Detailed Combined

Transmission and Distribution Grids
A Previous transmission grids were geographic to

the zip code level

A On current ARPA-E project we (with NREL, MIT
and Comillas-l | T Uni versity)

to the metero synthet.

A Actual parcel data is used to determine location of
the electric meters. The parcels are connected by
a distribution system, and the distribution system
by a transmission grid

A Currently we have about 20% of the load in Texas
done (Travis and Harris Counties) m




Travis County, Texas
(Iocatlon of Austin, TX)

The figure shows the
| transmission system
(blue is 230 kV and
cyan 69 kV) and the
distribution system

| modeled down to
307,000meters The
§ distribution data iIs In
g the OpenDSS format.




Synthetic Electric Grid Scenarios

A We have developed detailed, yearly scenarios
with variation of both bus level load and gen.
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Transmission models
i have hourly snapshots
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loads every 15 minutes
for each meter
(provided by NREL).




Synthetic PMU Data

A To create synthetic PMU data we use dynamic
simulations with realistic variation in the load
and generation, and appropriate PMU errors.

On our 2000 bus
Texas synthetic grid
was can provide more
el oo then 10,000 signals at

e — times per second) in
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creation at about 4GB
per hour.
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The Need for Synthetic Grids

A Prior to 9/11/01, a lot of grid information was
publically available

A Now access to data and models about the actual
power grid in the US Is quite restricted (e.g.,
critical energy/electricity infrastructure [CEII])

I Wh at |l s avallable 1 s ofte
A To do effective research, and to drive innovation,

researchers need access to common, realistic
grid models and data sets

I Scientific principle of reproducibility of results
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The Need for Synthetic Grids, cont.

A Synthetic grids and datasets are, of course,
designed to augment, not replace actual grids

A But the synthetic grids offer some significant
advantages, both to industry and researchers

I Since there are no CEll or privacy concerns, full
models and their associated datasets can be freely
shared; this is particularly helpful for interdisciplinary
research

I Synthetic grids can allow future grid scenarios to be
considered in-depth (i.e., high renewables or high
Impact, low frequency events) yet still be potentially

public m




The Need for Synthetic Grids, cont.

A Advantages, cont.

I Synthetic grids can be customized to represent
particular grid idiosyncrasies; utilities can provide this
to researchers or potential vendors

AWeodve deliberately designed

levels than those used in the actual grid (e.g., 500/230
versus 345/138 in Texas) to emphasis they are synthetic
I The highly detailed (down to the meter grid) allow
coupling with real infrastructures
AWedre working with the Texas
electric grid/transportation couplings
I Synthetic grids can be used for education, including
vendor training and short courses m




Crossing the VaIIey of Death

A One of the greatest
perils to university research
commercialization is to
cross what is known in
as Nthe valle

AOn the one -fsimeedd uimwie
research, pursued mostly by graduate students
and postdocs, while on the other is a successful
commercial product
I Synthetic grids and datasets can help bridge

this gap!
Al

Image Sourcehttps://www.nap.edu/catalog/23645/sion-for-the-future-of-centerbasedmultidisciplinaryengineeringresearch



https://www.nap.edu/catalog/23645/a-vision-for-the-future-of-center-based-multidisciplinary-engineering-research

Our Synthetic Grid Approach

A Make grids that look real and familiar by siting
them geographically (North America for us) and
serving a population density the mimics actual

A Goal is to leverage widely available public data
I Geography

I Population density (easily available by post office)
Load by utility (US FERC 714), state-wide averages

I Existing and planned generation (Form US EIA-860,
which contains lots of generator information)

A Substation locations and transmission system is
. . S,
entirely fictional (but hopefully good fiction!) m




Synthetic Model Design Process

SYNTHESIS PROCESS
l CONFIDENTIAL DATA The assumed peak

PUBLIC DATA Actual power system models

Vs SUBSTATION PLANNING FERC 715 datasets load is based on
o Clustering Technigues ;
loads  Buses -L population, s_caled
by geographic values

Generators Transformers
_ STATISTICAL

I AMNALYSIS

Metrics
TRANSMISSION PLANNING Characteristics MUCh Of thIS iS

Topology and Geography Properties

fransmission lines, parameters, validation Criteria  gutomated, but there

bC rurmber of circuits, connectivity,

P 2 Fl overloads, contingencies . .
Validation i 1 IS §'[I|| some manual
. adjustment

REACTIVE POWER PLANNING EXTENSIONS

Full AC } Generator cost curves for OPF
u Generator regulation: local and remote Transient Stability

Power Flow Tap-changing Transformers Phase-shifting transformers
Validation Impedance Correction Tables Geomagnetic Disturbance Data
Shunt Capacitors and Reactors Time-series load and generation

This process can be augmented to couple with detailed distribution grids
AJLIVI




More Detalls on Design Process

A Substation planning: cluster actual population
and energy data into correctly-sized substations
and assign load, generation, bus voltage levels,
and internal branches, along with parameters.

A Transmission planning: use iterative penalty-
based dc power flow algorithm to place
transmission lines, with the Delaunay
triangulation and neighborhood as base

A Reactive power planning: iterative ac power flow
starting from known solution to place capacitors
and adjust generator set points. m




Coupled Transmission-Distribution

System Design
A Our first approach to developing the highly

detailed grids was to design the distribution first,
then design the transmission

| Earlier Travis County case was an example

A Now we design the overall transmission system
first, and update it as more distribution systems
become available

I Weodore currentl y do-bycgunty e X
basis (Texas has 254 counties!)

I Updating the transmission grid is a mostly automated

Process
Al




The Expanding Texas 2000 Bus
Transmission Model

Area that has
Austin
distribution

network detalls

/

NREL is
providing load
data for each o
the meters at 1
minute
resolution for a
year. This is
driven by
historical
weather data.
Eventually we
will have about
10 million
meters.




