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EPIGRIDS Synopsis

KDevelopingmet hodol ogi es to figrowo
models, through algorithms mimicking historic grid
expansion decisions. Represent impacts of population
patterns, land use, energy demand intensity, and geography
on growth of power system infrastructure.
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Project is constructing six families of models.

Two constructed via expansion of existing test systems:

KNew England footprint system, constructed as expansion of
existing NE-39 test system (which dates from 1970 EEI
project that approximately represented 345 kV transmission
across NE) . WeodOore adding 138kV,

KWestern US test system, constructed as expansion of
existing WSCC-179 bus system (which was constructed in
EPRI project UW-Madison shared, representing 500 kV and
some 230 kV in what was then the WSCC, circa 1985).
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Deliverables: Families of Models

Four b u iglrto uin thasad propopulation & geography:

K State of Wisconsin footprint.

KExpansion of above over footprint of Illinois, lowa,
Minnesota, Wisconsin.

KEast of the continental divide, constructed as merger &
expansion of NE & IL-IA-MN-WI systems.

KWest of the continental divide, with WECC-179 bus test
system facilities as seeds (here is where we probably face
our greatest challenge in balancing CEIl concerns).
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Methodology Overview: Geographic Information
Science Data Informing Model Sizes

KFor load-serving substations, size of service area roughly set
by demand per unit area, i.e., MW/km?.

KTwo key factors in MW/km?2: population, and intensity of
energy consumption, based on land use for that area.

K Population within service territory of a load-serving
substation can vary widely, but reasonable average range is
~1000-10,000 persons (obviously depends on voltage levels
Included in models, and other land use/population factors).
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Methodology Overview: Geographic Information
Science Data Informing Model Sizes

KEY PROJECT DECISION: EPIGRIDS will use US Census
Tracts as its basic geographic unit

KExact population within individual US census tract also
varies, but average ~4000. Scale appropriate to substations.

KUse of census tracts offers window into rich data sets that
Inform land use and intensity of electric demand.

KFor example, in many regions of US, North American
Industry Classification System (NAICS) codes available for
commercial/industrial sites in each census tract.
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Methodology Overview: Geographic Information
Science Data Informing Model Sizes
KConsequence: for the four test systems to be built up from

geographic information, we will target system size (# of
substations/buses) for given geographic footprint to be:

# of buses = (0.5 to 2.0)X(# census tracts)

KNuance: we will target select substations for representation
at greater detall of node-breaker representation, so
(# of electrical nodes) can be > (# of substations)
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Census Tract Counts by State:
Eastern US

Alabama 1,181 Maine 358 Ohio 2,952
Arkansas 686 Maryland 1,406 Oklahoma 1,046
Connecticut 833 Massachusetts 1,478 Pennsylvania 3,218
Delaware 218 Michigan 2,813 Rhode Island 244
District of Columbia 179 Minnesota 1,338 South Carolina 1,103
Florida 4,245 Mississippi 664 South Dakota 222
Georgia 1,969 Missouri 1,393 Tennessee 1,497
lllinois 3,123 Nebraska 532 Vermont 184
Indiana 1,511 New Hampshire 295 Virginia 1,907
lowa 825 New Jersey 2,010 West Virginia 484
Kansas 770 New York 4,919 Wisconsin 1,409
Kentucky 1,115 North Carolina 2,195

Louisiana 1,148 North Dakota 205

51,675 Total
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Census Tract Counts by State:
Western US & Texas

Arizona 1,526
California 8,057
Colorado 1,249
Idaho 298
Nevada 687
New Mexico 499
Oregon 834
Texas 5,265
Utah 588
Washington 1,458
Wyoming 132

20,593 Total
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Targets for EPIGRIDS Test Systems:
Geographically Based

KWisconsin Footprint: target ~1000 buses.
KIA-IL-MN-W!I Footprint: target ~8000 buses.
KEastern US Footprint: target ~70,000 buses.

KWestern US & Texas Footprint: target ~20,000 buses.
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Transmission and Link Placement for
EPIGRIDS Systems

KTransmission lines, transformers, & DC links decided by
automated transmission expansion algorithms. Need
iInformed by load growth scenarios; path informed by
geographic land use data and line costs.

KClassic LP-based algorithm for transmission expansion is
Carveros 1970 | EEE PES pape
Esti mation Using Linear Pro

KProject will supplement these by more modern graph-
Laplacian-based algorithms developed in UW-Madison
PhD, nlntrinsic Measures of
Perf ormance for Transmissio
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Data Formats and Power Flow Formulation

KLingua franca for our project, to facilitate industry adoption
and easy exchange with other power-system-centric
groups, will be the PSSE RAW file format.

KHowever, added goal of GRID DATA is to allow
accessibility of OPF and related problems to broader
optimization community, for whom PSSE may be nonideal.

KHence, all our model s are a
equations, 0 as GDX fil es 1in
environment. We already have translators for AC OPF
between GAMS-PSSE-MATPOWER. Enhancing these for
advanced component types (e.g., FACTS) in coming year.
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Data Formats and Power Flow Formulation

KWe use basic components and variable choices more
general than classic Ybus (but from which Ybus is easily
extracted), in part to ease of representation of node-

breaker detall.

KFrom circuit analysis standpoint, we make two key
choices:
| Basic component type is a multi-port element

(concrete example:we uARBCMBO tr ans mi
matri x for a | ine, D O NtwoF

terminal circuit elements of R, X and B).
I Network equations assembled in sparse-tableau

formulation: keep all node voltages, and all multi-port
element voltages and currents, as explicit variables.
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Data Formats and Power Flow Formulation

KOur critique: Ybus is based on nodal analysis, eliminates
Intermediate variables to keep only node voltages.

THIS IS FUNDAMENTALLY A BAD IDEA:

- Variable elimination is long outdated in age when we
have mature sparse algebra tools;

- Example Ybus shortcoming: it changes the network
topology when a circuit breaker opens or closes.
From a circuit analysis standpoint, this is simply
wrong: it is the circuit element (breaker) changing
Its voltage-to-current behavior, not the topology!
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What Have We Learned So Far, What Can We
Share with Other Projects?

KKey opportunity for collaboration between model projects
will be sharing realism metrics, and cross applying those
to each othersodo model s.

KWedol |l employ a number of ge
metrics; these may or may not cross over easily to other
projects (e.g., km of conductor at various voltage levels,
relative to area of geographic footprint, versus population
density, land use, MW/km? statistics, etc.).

KHowever, can describe here a simple realism metric that
appears promising, easily shared among projects,
relating to distribution of Power Flow Jacobian singular
values.
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New Realism Metric

KEPIGRIDS proposal asserted that eigen-structure of
power flow, OPF, and (where applicable) linearized
dynamic models would contribute realism metrics.

KSynergistic progress has emerged from a recently
completed PSERC project, S-59 fnA Spar se Sen
Methods for Model-Free Sensitivity Estimation and
Topology Change Detection using Synchro-Phasor
Me a s ur e monk bydJW4hD Ms. Sowmya Acharya.

KWork in S-59 examined role of PF Inverse Jacobian (and
its SVD) in characterizing correlations in PMU data.
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Power Flow Inverse Jacobian
and the Role of its Singular Values

KView physical power system as analog computer, a power
flow solver: its inputs are load/generation injections, its
outputs are voltage phase angles/magnitudes.

KTo local (linear) approximation, this map is realized by the
PF Jacobian inverse.

KThe gains of this map, and the principal axes along which
these gains act, are determined by the SVD of the PF
Jacobiani nverse (recall: we dor
the inverse i same info in SVD of PF Jacobian itself).
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Power Flow Inverse Jacobian
and i1ts SVD: Geometric View

A Geometric view of Jacobian Inverse SVD i load
variation in input maps to ellipse in output. SVD
determines ell i pse axes,
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New Realism Metric: Distribution of Power Flow
Inverse Jacobian Singular Values

KEmpirical observations in PSERC S-59 suggested a
realism metric for EPIGRIDS models and scenarios.

KLog-scaled distribution of singular values of power flow
Jacobiansf or -viavlell dat edo test sy
to Gaussian functions

(truth 1 n adverti si neBgegasesand f
RTE systems in MATPOWER distribution; permissions

and tests in CEll-protected real-world data pending).
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New Realism Metric: Distribution of Power Flow
Inverse Jacobian Singular Values
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New Realism Metric: Distribution of Power Flow
Inverse Jacobian Singular Values
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Closing Points

KEPIGRIDS focuses on leveraging advances in Geographic
Information Sciences, and its many rich data sets, to
(approximately) replicate historic decision processes in
the building of power grid infrastructure.

KAdded novelty (and we hope value) in our choice of
underlying circuit representation of network via Sparse
Tableau Analysis 1 it is facilitating easy incorporation of
node-breaker detail at select locations, and flexible
modeling of more advanced components
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Closing Points

KSome of EPIGRIDS realism metrics will be tied to its
geographic/population focus. But we have at least one
new realism metric we feel is promising, and for which
weoO0Od welcome coll aborative

KWhile not highlighted today, our EPIGRIDS partners at
Argonne and GAMS Development Corp. are advancing
tools to characterize OPF feasible sets, and numeric
conditioning of different solvers applied to OPF.

These are our tools for generating and characterizing
difficulty of challenging problem instances. Stay tunedé

N 5

| | [+ J
— il a - - ﬂ \
CHANGING WHAT'S POSSIBLE



