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Different Limits in Transmission Lines
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Current Practice
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Typical Grid Applications
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Current Practice
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Economic Motivation: Value of Real-

Time Transmission Controls
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2010.
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Cost of Congestion ...

Reported congestion cost examples:
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PJM Reports that congestion
costs are annually 7-10% of total
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FERC is mandated to reduce the cost of congestion to society
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Benefits at Different Timescales
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Approach
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Grid Modeling Overview
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R&D Opportunities

» Bring “dynamic security assessment”
capability closer to operation (real-time)

v" Numerical approaches

v High performance computing (parallel
computing) application

v Leverage measurement (PMU) to improve
model quality

v' Smart/fast algorithms

» From “analysis” only towards “control”
(decision support tool)
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Application Focus

» Different stability limits (e.g., voltage, angle,
frequency etc.)

* Focus of the approach: angle stability
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Grid Application Framework

Modeling & Simulation Measurement (WAMS)

seful for “what-if” analysis (e.g. real- q R
time dynamic contingency analysis) Situational awareness

m Model inaccuracies Q’Useful for model validation/calibration

m Computing power m Not useful for N-1 secure operation

“Complementary solution”
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Fast Dynamic Simulation

« Model Reduction
e Model Calibration

 Numerical Techniques for Fast Dynamic
Simulation

e High Performance Computing (HPC) - Based
Dynamic Simulation

* Transfer Limit Computation

\ imagination at work 16
GE Title or job number
6/13/2014

© Copyright 2014 General Electric Company. All rights reserved.



Model Reduction

e Detailed model within the
1ISO/utility

» Equivalent representation
outside the boundary

imagination at work

EPRI developed a
commercial product:
DYNRED

|dentify the coherent group
of generators

Aggregate the coherent
generators to derive an
equivalent generator model

Network reduction taking
advantage of sparsity
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Model Calibration

Phasor Measurement Units and Synchrophasor
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e More PMUs being installed °

e Increasing data exchange among
reliability coordinators
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Reduced model - as good as
detailed model

PMUs being installed at the
terminal buses of the
generators (nhew NERC standard
mandating generator model
validation)

Estimation of model parameters
from the terminal voltage and
current phasors
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Numerical Techniques for Fast Dynamic
Simulation

e Commercial transient simulation software:
partitioned approach with explicit integration

e Fast DAE solvers: implicit integration with
simultaneously solution of the algebraic
equations

o Variable time-step method or ‘theta method’

* Partitioning of stiff and non-stiff portion:
parallel computation of DAEs
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HPC Based Dynamic Simulation
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Transfer Limit Computation

 NERC definition transfer limit: Total Transfer
Capability (TTC) = minimum {Thermal Limit,
Voltage Limit, Stability Limit} for worst N-1
contingency

* Time-domain simulation for angle stability
studies

e Reduction in contingency space (e.g., using
artificial intelligence, decision tree etc.)
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Overall Approach
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Questions?
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