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OBJECTIVES
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APPROACH

e Combined transmission-distribution
New models of subtransmission/distribution substation
Quasi-static analysis (less than 5 second time-step)

Steady-state
analysis Tool

Combined transmission-distribution
Simultaneous solution approach

Integration with protection models

New solar PV models using dynamic phasors

Dynamics Tool

Unbalanced distribution system state estimation
Inclusion of AMI, PMU, and other sensor measurements
Semi-definite programming based approach

State
Estimation Tool
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T&D STEADY-STATE ANALYSIS TOOL
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TRANSMISSION SYSTEM IMPACTS DUE TO
INCREASING SOLAR
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TRANSMISSION SYSTEM IMPACTS: AREA
CONTROL ERROR (ACE)
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T&D DYNAMICS AND PROTECTION TOOL

Three-phase
network
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faults
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Relay database
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High-performance
computing solvers

» S. Abhyankar, E. Constantinescu, B. Smith, A.
Flueck, and
A. Maldonado "Parallel Dynamics Simulation using
Krylov-Schwarz Linear Solution Scheme”, Special
Issue on HPC in
IEEE Transactions on Smart Grid.

* http://www.energy.gov/sites/prod/files/2014/07/f17/4-
2014-AGM-Review-Flueck_2.pdf
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T&D DYNAMICS AND PROTECTIONTOOL
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T&D DYNAMICS AND PROTECTION TOOL
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DISTRIBUTION SYSTEM STATE ESTIMATOR

Inputs with Timescales State Estimation State Estimation
in [0.00833 s, 900 s] Initialization Quantification

Semidefinite
Program (SDP)

Estimated

State

Load
Initialization
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Bad Data
EN)E]

* Unbalanced distribution system state estimation

* Semi-definite programming approach

e Bad-data substitution

* Incorporate data sources with time-scales that vary by 1075
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Distribution system state estimator —
with bad data
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T-D SIMULATION TEST SYSTEM

= T: PJM 5-bus transmission network
= D: 11 PNNL taxonomy feeders

= Four scenarios
—Base case (no solar)
—Low solar distributed PV
penetration (~30 %)
—Medium solar distributed PV
g penetration (~50%)
—High solar distributed PV
penetration (~80%)

= 24-hour horizon

PJM-5 bus, 11 distribution feeders
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STEADY-STATE IMPACTS: GENERATION-LOAD
IMBALANCE
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Under the high SCenario, the system runs af™
minimum generation levels to ride out the high solar
production. 1 Argonne &




STEADY-STATE IMPACTS: REDUCED BULK
GENERATION PROFILE
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STEADY-STATE IMPACTS: TRANSMISSION
CONGESTION
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penetration resulting in (a) reduced costs (LMPs), (b)
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