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Motivation

Changing nature and requirements of the grid at the edge interfacing:

Most of the changes at MV /LV
power distribution level (at the
grid-edge interfacing)

Effectively leverage the grid-
edge resources to ensure
efficient, resilient and reliable
grid operations

Serious challenges to planning and operation of the power systems including
on the reliability and stability of bulk power systems



My Research

Effectively leverage the grid-edge resources to ensure efficient, resilient and reliable grid operations
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Ongoing Research Projects

Control and Optimization of Active Power Distribution Systems (PINNL, DOE)

— Addressing Nonlinearity, heterogeneity, time-scale separation, real-time data

Operational Resilience to High-Impact Low-Probability Events (NSF Career, SEL)

— Risk Modeling for High-impact low probability events, and risk-averse optimization

Coordination of Grid’s Flexible Demand-side Resources (Sloan Foundation, DOE)

— Econometric models for demand-side flexibility, pricing flexible loads, retail markets

Active Collaborations with:
Faculty: Economics, Applied mathematics, Systems theory, Computer Science

National Laboratories: Pacific Northwest National Labs (PNNL), National
Renewable Energy Laboratories (NREL)

Utility Companies: Avista Corp., Seattle City Light



Operational Resilience to High-Impact Low-Probability Events

Operational Resilience to High-Impact Low-Probability Events (NSF Career)
Risk Modeling for High-impact low probability events, and risk-averse optimization

* Rare contingencies - Fire-related
damages, extreme cold or intense
heat waves, storms

* Smart grid investments
* Non-traditional ways of operating
grid:
* Microgrid and network of

microgrid to support critical
loads

* Demand-side flexibility to
better manage rare
contingencies

* Planned rolling/rotating
blackouts

Risk assessment, long-term planning, and operational planning
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Coordination of Grid’s Flexible Demand-side Resources

Coordination of Grid’s Flexible Demand-side Resources (Sloan Foundation, DOE)
Econometric models for demand-side flexibility, pricing flexible loads, retail markets

Uncertain demand and supply imbalances
* extreme weather conditions,
* misaligned infrastructure,
* alternative energy (wind and solar), and
* high aggregate peak time usage

Expensive to maintain excess infrastructure capacity
and system redundancies.

Maintaining system delivery and reliability via demand-

side participation

* Demand-response from residential consumers

* An econometric approach

* Learn consumer’s willingness-to-pay and design
demand curtailment contracts.

* Include centralized or transactive market
coordination approaches
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Control and Optimization: Active Power Distribution Systems

Control and Optimization of Active Power Distribution Systems (PNNL, DOE)
Addressing Nonlinearity, heterogeneity, time-scale separation, real-time data

. Network-level optimization to manage grid resources:
Goals Optimize o _

v Facilitated by the data environment from granular sensors such as
smart meters, micro-PMUSs, smart inverters, etc.

Resilience i mprove @‘ ] v Facilitated by proliferation of controllable/active nodes including
& = distributed DERSs, secondary voltage control devices. Etc.
Reliability
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Distribution Grid Optimization at-the-edge- Control Center
interfacing
v" Algorithmic bottlenecks
v" Ownership boundaries and privacy concerns

v" Information unavailability and uncertainty
v’ Visibility and situational awareness

Integration with PNNL’s GridAPPS-D platform —an ? R
opensource platform to develop ADMS applications
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Advanced Distribution Systems Operations

Advanced Data-driven and Model-based Applications for Active Power Distribution Systems (PNNNL)
Effectively manage active and passive devices by integrating data, measurement, and control to
optimize distribution operations for improved reliability, resiliency, efficiency

Active collaboration with PNNL on this problem space

» Opensource Advanced Distribution Management System — GridAPPS-D
(Centralized and distributed coordination of grid-edge devices)

» CITADELS - Advanced operations for networked microgrids (Distributed
coordination of networked microgrids for resilience and bulk-grid support)
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Distributed Control of Islanded Microgrids

Robust Distributed Control for Power Sharing in Islanded Industrial Microgrids (SEL)
Optimal active and reactive power sharing among DGs for stable voltage and frequency response

\ - - _ - - Decomposable problem structure
NN o - - Use of mathematical
e optimization techniques to
d . Yo 3 decompose problem into
Y1 R . . .
min  ®1 (X1, yy) min  ®2(Xa, %, y¥) T min  ®3(Xs,99) distributed structure and design
X165 « X2€52 X3€53 real-time control law.
Y2 Y3
Contributions

Distributed controllers for power sharing with an emphasis on minimizing communication and integrating
local droop control methods and proper network models

* A comprehensive modeling and analysis of the interactions among local controllers and their effects on the
system stability.

* Performance and stability of the proposed distributed power sharing controllers via theoretical analysis and
simulations.



Distribution Monitoring: Data-Anomaly Detection

Distribution monitoring - Data-anomaly Detection and Identification (PNNL, DOE)
Large-scale data, data-driven approach, real-time streaming data

Linearly correlated

New devices at o
measurements

distribution system Challenges -

U Smart meters U High-dimensional data :>::

U Distribution level PMUs = Noisy measurements g“

UOther grid-edge devices U real-time/online algorithms 01
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Example: Anomaly detection using principal component analysis

(c) Test sample comparison of Proposed RWC-HPCA
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