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GMLC 1.4.10--Control Theory

Objectives & Outcomes

Life-cycle Funding Summary ($K)

Develop new integrated optimization and control 

solutions, including architectures, algorithms, and 

deployment strategies for the U.S. power grid to: 

• transition to a state where a huge number of 

distributed energy resources (DERs) are 

participating in grid control

• enable the grid to operate with lean reserve 

margins

• enable resilient distribution feeders with high 

percentage of low carbon DER
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FY16, 

authorized

FY17, 

authorized

FY18, 

requested

Out-year(s)

2,150 2,150 2,150 0

Technical Scope

• Develop theory and methods to integrate 

optimization and real-time control of 10,000 

DER on distribution circuits connected to a 

single distribution substation

• Create technically consistent solutions by co-

developIng optimization, control, 

communication and information architecture 

• Provide validation through numerical 

simulation testing 



Project Context—Industry Needs/Challenges
•Unified approach across network and temporal scales—a confusing number 

of DER control solutions being developed for bulk systems and distribution 

systems that all need different information and control different devices at 

different timescales

• Huge diversity of DER—Many types of DER each with their own 

flexibility/constraints and response that complicates optimization and control

•Computational scalability—Single substation with ~10 circuits and 1,000 

DER/circuit constitutes 10,000 controllable endpoints (an ISO at each 

substation)

• Deployment scalability—Incrementally deployable DER and network control 

to spread out capital cost, build expertise, and integrate with legacy devices

• Risk-aware distribution network management—Large quantities of 

intermittent DER and difficult-to-control DER creates random congestion in 3-

phase, unbalanced networks
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Project Context—Specific Improvements

•Co-development of control, optimization, communications, and information 

architecture to ensure compatibility of control theory and solutions at all 

network scales and time scales

• Architectural features that homogenizes many types of DER into a single 

“capacity controller”—aggregated device controller (ADC)

•Network (spatial) and temporal decompositions that integrate distributed, fast 

real-time control and centralized, slower optimization to ensure computational 

tractability (including communications latency)

• Computationally lightweight distributed ADCs coupled with computationally 

intensive centralized optimization provides incremental deployment options, 

for capital and complexity

• Spatial decomposition limits consideration of compuationally complex power 

flow to important sections of the distribution network
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Project Context—Expected Benefits

Á Reliability—Integrated optimization and real-time control enable better 
adherence to distribution network engineering constraints (voltage, power flow)

Á Resiliency—Self-consistent architectural decomposition and risk-aware 
optimization being leveraged in new GMLC project (CleanDERMS) to enable 
DER blackstart

Á Affordability—Enables “homogenization” of many types of customer owned 
DER to offer aggregated ancillary services in a competitive market

Á Flexibility—Substation-level ancillary services replace those being lost though 
central plant retirements

Á Security—Risk-aware optimization and control/communications architecture 
being leverage in new GMLC project (CleanDERMS) to enable cyberattack-
resilience grid control

Á Sustainability—New sources of clean ancillary services and load control enable 
integration of higher level of bulk-connected and distributed intermittent 
renewable generation 
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Project Status—Key Tasks

Task 1: Architecture and metrics

•Develop new and evaluate existing control system architectural 

decompositions. 

•Develop and apply metrics for architecture and control system performance 

evaluation.

Task 2: Integrated optimization and control

•Develop individual and aggregate DER flexibility models and associated 

constraints. 

•Design real-time control strategies for aggregated DERs with uncertainty 

quantification. 

• Develop power flow relaxation and approximation methods for distribution 

systems.

•Develop optimization methods that integrate uncertain real-time control into 

risk-aware power flow optimization.

Task 3: Numerical testing

• Specify and develop simulation test bed requirements.

• Test control strategies for aggregated DERs, including power flow models on 

~10 distribution feeders including~10,000 DERs 
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Project Status—Timeline
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Milestone Name/Description End Date Type Status

TASK 1

Architecture and metrics development (Task 1—Taft)—
Documented architectural reference models for control 
that includes three key scenarios: legacy systems, 
communications-heavy systems, and communications lite 
systems.  

11/1/16  
Y1Q2

Annual
Go/No-Go

Completed. Integrated into 
the Control Theory roadmap

Architecture and metrics development (Task 1—Taft)—
Documented architectural reference models with 
extensions to include market/control interactions, multi-
structure architecture diagrams and detailed data.

4/1/17
Y1Q4

Midterm Completed. High-level 
architecture package.



Project Status—Timeline
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Milestone Name/Description End Date Type Status

TASK 2

Control Theory—DER/Load Models (Task 2.1—Chertkov)—
Documented catalog of required individual and aggregate 
load/DER models and roadmap of theoretical development 
steps to achieve tractable load/DER models

11/1/16  
Y1Q2

Annual
Go/No-Go

Completed. Integrated into 
the Control Theory roadmap

Control Theory—Power Flow (Task 2.2—Molzahn)—
Documented catalog of existing and alternative power flow 
relaxations and approximations for distribution systems 
with discussion of applicability to optimization and control 
of distribution networks and down select for further 
numerical testing

11/1/16  
Y1Q2

Annual
Go/No-Go

Completed. Integrated into 
the Control Theory roadmap

Control Theory—Closed Loop Control/Optimization (Task 
2.3—Misra)—Documented preliminary formulation and 
development roadmap for risk-aware control of multiple 
distribution circuits with >10,000 DER including power flow 
physics, legacy equipment and network constraints

11/1/16  
Y1Q2

Annual
Go/No-Go

Completed. Integrated into 
the Control Theory roadmap

Control Theory—Hierarchical Control (Task 2.4—Kalsi)—
Documented initial design of control methodologies for 
aggregated and individual load/DER models 

11/1/16  
Y1Q2

Annual
Go/No-Go

Completed. Integrated into 
the Control Theory roadmap



Project Status—Timeline
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Milestone Name/Description End Date Type Status

TASK 2

Control Theory—DER/Load Models (Task 2.1—Chertkov)—
Aggregated energy and ancillary service bids and flexibility 
constraints formulated

4/1/17
Y1Q4

Midterm Completed. 

Control Theory—Hierarchical Control
(Task 2.4—Kalsi)—Documented final specifications for the 
hierarchical control framework for each of the architectural 
reference models including topologies, communications, 
data exchange, and time scales.

4/1/17
Y1Q4

Midterm Completed. 

Control Theory—DER/Load Models (Task 2.1—Chertkov)—
Solution methods for defining aggregated energy and 
ancillary service bids and flexibility constraints.

10/1/17
Y2Q2

Annual
Go/No-Go

Complete

Control Theory—Power Flow (Task 2.2—Molzahn)—
Completed and documented assessment of existing power 
flow relaxations and approximations for distribution 
systems with comparisons of errors and computational 
performance

10/1/17
Y2Q2

Annual
Go/No-Go

Survey Complete
(Numerical testing underway)

Control Theory—Closed Loop Control/Optimization (Task 
2.3—Misra)—
Risk-aware control/optimization of ~1 distribution feeder 
with 1000 DER  including  legacy/utility equipment and 
power flow physics

10/1/17
Y2Q2

Annual
Go/No-Go

Complete
(Requires adaptation to 
distribution)

Control Theory—Hierarchical Control
(Task 2.4—Kalsi)—Documented real-time control strategies 
for providing ancillary services from aggregated DERs

10/1/17
Y2Q2

Annual
Go/No-Go

Complete



Project Status—Timeline

10

Milestone Name/Description End Date Type Status

TASK 3

Numerical test bed (Task 3—Fuller)—Documented 
numerical simulation test bed requirements and down 
select (adapt existing vs develop new)

10/1/17  
Y2Q2

Annual
Go/No-Go

In Progress. Completed initial 
test plan for addressing 
distribution level optimization 
and control of DERs.



Project Status—Progress Task 1—Decomposition of 
Time Scales
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ADC
•Real-time real and 

reactive power control

•Information 

aggregation

Set points and 

dispatch signals for 

real-time tracking of 

control functions

PFO (N=1)
Risk-aware co-optimization: energy consumption and ancillary services

Subject to:

• Power flow constraints

• Utility device limits

• ADC-level control boundaries

• Risk-based constraints
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Project Status—Progress Task 1—Decomposition of 
Network Scales
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PFO

ADC

Coordination over both temporal and spatial/grid scales creates a theoretical framework 

for architecturally compatible solutions that integrate optimization and control. 

ADC is a real-time “capacity 

controller”—Power flow and 

uncertainty not important in 

ADC control domain.

PFO is a “network/market 

optimizer”—Power flow 

and uncertainty dominate. 

ADC is spatially adjacent to 

controlled DERs—enables fast, 

low latency communications for 

real-time control.

PFO optimization on 

slower time scales—

enables diverse siting and 

communications options.



Project Status—Progress Task 1—Information 
Interfaces
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Project Status—Progress Task 2.1
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Á Aggregation to a single Minkowski sum 
region “homogenizes” the diverse DER 
into a single region of flexibility

Á In general, computing Minkowski sums is 
computationally difficult

Á This will be done at the ADC, so we 
require “light” algorithms



Project Status—Progress Task 2.1—Solution Approach
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Á For any aggregate real power 
P, maximize the available Q by 
optimizing over the available qi

at each pi

Á Optimization can be solved 
analytically…….



Project Status—Progress Task 2.1—Lightweight, 
Accurate Algorithm
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Á …..and computed using a 
lightweight algorithm



Project Status—Progress Task 2.2—Power Flow 
Relaxations and Approximations
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• Required to fully represent power system behavior

• Many different representations—which one to choose?

• One Example—“Branch Flow Model”—Applicable to radial networks



Project Status—Progress Task 2.2—Power Flow 
Relaxations and Approximations
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Relaxation

Approximation

Introduction



Project Status—Progress Task 2.2—Power Flow 
Relaxations and Approximations
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Increasing tightness,
computational difficulty

Single-phase 
implementations 
in Matlab

Three-phase 
formulations in 
the literature*

Future work: developing three-phase formulations 
of other relaxations

SDP Formulations

SOCP 
Formulations

LP Formulations



Project Status—Progress Task 2.2
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Project Status—Progress Task 2.3—Risk-Aware 
Optimization 
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ADC
•Real-time real and 

reactive power control

•Information 

aggregation

Set points and 

dispatch signals for 

real-time tracking of 

control functions

PFO (N=1)
Risk-aware co-optimization: energy consumption and ancillary services

Subject to:

• Power flow constraints

• Utility device limits

• ADC-level control boundaries

• Risk-based constraints
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Project Status—Progress Task 2.3—Control Function 
Structure
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Á Structure of the control functions is key to the computational complexity

Á What is the mathematical structure of the control function—linear, nonlinear???

Á How is this structure affected by other properties--power flow equations, nature of fluctuations?



Project Status—Progress Task 2.3—Control Function 
Structure
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Control function: 
█Ȣ ╟ȟ╠

● ▫╫▼▄►○╪╫■▄▼
♦ █►▄▲◊▄▪╬◐▼░▌▪╪■

Linear Piecewise
Linear

Second
order

Higher 
Order

General

optimality

Computational Efficiency

How much complexity do we need? 



Project Status—Progress Task 2.3—Control Function 
Structure
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Control function: 
█Ȣ ╟ȟ╠

● ▫╫▼▄►○╪╫■▄▼
♦ █►▄▲◊▄▪╬◐▼░▌▪╪■

How much complexity do 

we need? 

ɝὖ

ὪὰόὧὸόὥὸὭέὲί

ὖ
optimal

approx

Á Linearized power flow results 
in a robust linear program

Á Piece-wise linear control 
functions are provably
optimal

Á Empirical observation-
reasonable levels of 
fluctuations only activates 
one segment Ą linear 
control policy

Á Nonlinear 



Project Status—Progress Task 2.3—Control Function 
Structure
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Control function: 
█Ȣ ╟ȟ╠

● ▫╫▼▄►○╪╫■▄▼
♦ █►▄▲◊▄▪╬◐▼░▌▪╪■

ɝὖ

ὪὰόὧὸόὥὸὭέὲί

ὖ

How much complexity do 

we need? 

Á Application of polynomial 
chaos expansion to 
nonlinear power flow 

Á No provable results

Á Empirical observation—
linear policies are still close 
to optimal for reasonable 
levels of fluctuations optimal

approx



Project Status—Progress Task 2.4—Control Setting
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Project Status—Progress Task 2.4—Formulation
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Á ADC sends optimal incentives aand 
bto each DER

Á The DER optimization is embedded 
in the ADC optimization to enable 
computation of incentives aand b

Á ADC is continually computing prices

Á ADC problems is nonconvex and 
difficult to solve

Á Implement a convex relaxation that 
is empirically tight

Á Solved with a distributed gradient 
descent algorithm



Project Status—Progress Task 2.4—Numerical Testing

Á Distributed gradient descent requires typical tuning, but demonstrates good 
convergence properties
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Project Status—Progress Task 3—Numerical 
Simulation Platform Architecture

Á Other potential numerical simulation platforms will not be available soon 
enough for 1.4.10

Á Preliminary software and API architecture has been defined
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Project Status—Progress Task 3

Á Device and component APIs currently under development

Á Leveraging existing APIs in FNCS as much as possible
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Project Budget
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Laboratory FY17 Q3 Expected Spend FY17 Q3 Spend

ANL $302,285 $260,091

INL $182,750 $266,937

LANL $941,705 $685,870

LLNL $55,141 $42,784

NREL $264,550 $201,490

ORNL $55,141 $92,640

PNNL $838,130 $662,775

SNL $97,800 $41,585

Total $2,737,502 $2,254,172

Á Delay in Project Year 2 funds have slowed spending somewhat



FY 2018 Plan—Key tasks, milestones, go/no-go 
criteria, and schedules
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Milestone Name/Description End Date Type Status

TASK 1

Architecture and metrics development (Task 1—Reiger)—
Completed evaluation of architecture for security and 
resilience providing guidance on key architectural nodes 
that require specific cyber and/or physical protection

4/1/18
Y2Q4

Midterm Out year

TASK 2

Control Theory—DER/Load Models (Task 2.1—
Chertkov)—Solution methods for defining aggregated 
energy and ancillary service bids and flexibility 
constraints.

10/1/17
Y2Q2

Annual
Go/No-Go

Complete

Control Theory—Power Flow (Task 2.2—Molzahn)—
Completed and documented assessment of existing 
power flow relaxations and approximations for 
distribution systems with comparisons of errors and 
computational performance

10/1/17
Y2Q2

Annual
Go/No-Go

Survey Complete 
(Numerical testing 
underway)

Control Theory—Closed Loop Control/Optimization (Task 
2.3—Misra)—
Risk-aware control/optimization of ~1 distribution feeder 
with 1000 DER  including  legacy/utility equipment and 
power flow physics

10/1/17
Y2Q2

Annual
Go/No-Go

Complete 
(Requires adaptation to 
distribution)

Control Theory—Hierarchical Control
(Task 2.4—Kalsi)—Documented real-time control 
strategies for providing ancillary services from aggregated 
DERs

10/1/17
Y2Q2

Annual
Go/No-Go

Complete



FY 2018 Plan—Key tasks, milestones, go/no-go 
criteria, and schedules
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Milestone Name/Description End Date Type Status

Control Theory—DER/Load Models (Task 2.1—
Chertkov)— Solution methods for defining aggregated 
energy and ancillary service bids and flexibility 
constraints with uncertainty quantification

4/1/18
Y2Q4

Midterm Out Year

Control Theory—Power Flow (Task 2.2—Molzahn)—Fully 
developed and documented power flow relaxation and 
approximation approaches including recommendations 
for integration into control/optimization methodologies

4/1/18
Y2Q4

Midterm Out Year

Control Theory—Hierarchical Control (Task 2.4—Kalsi)—
Documented real-time control strategies for providing 
ancillary services from aggregated DERs with uncertainty 
quantification

4/1/18
Y2Q4

Midterm Out Year

Control Theory—Closed Loop Control/Optimization (Task 
2.3—Misra)—Risk-aware control/optimization of ~10 
distribution feeders including ~10,000 controlled DER, 
legacy/utility equipment and power flow physics

10/1/18
Y3Q2

End of 
Project
Go/No-Go

Out Year



FY 2018 Plan—Key tasks, milestones, go/no-go 
criteria, and schedules
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Milestone Name/Description End Date Type Status

TASK 3

Numerical test bed (Task 3—Fuller)—Documented 
numerical simulation test bed requirements and down 
select (adapt existing vs develop new)

10/1/17  
Y2Q2

Annual
Go/No-Go

In Progress. Completed 
initial test plan for 
addressing distribution level 
optimization and control of 
DERs.

Numerical test bed (Task 3—Fuller)—Documented control 
system testing plan and implementation plan for test bed 
development/adaptation

4/1/18
Y2Q4

Midterm Out Year

Numerical test bed (Task 3—Muldaji)—Test bed 
implementation complete and testing initiated 

10/1/18
Y3/Q2

End of 
Project
Go/No-Go

Out Year



FY 2018 Plan—Risks and Mitigation Strategy
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Description Severity Response

Test bed specifications yield an effort larger than 
anticipated

Med Work with industry partners to determine the 
minimum testing requirements and protocols

Control strategies turns out to be less scalable 
than predicted and it is not possible to 
execute controllers for intended DER portfolio.

Med Make control strategies work for a small 
number of DERs. Identify bottle-necks and 
address these iteratively as DER portfolio is 
expanded.

Numerical simulations of control system prove 
to be too computationally expensive in terms of 
wall-clock time or computational platform costs

High Year 2 Task 4.2 will estimate the 
computational time and cost to determine if 
early redirection of budget or specifications is 
needed



Tech Transfer Activities—Industry Advisory Board

•Oncor—Largest distribution system operator in Texas

• Prioritization of control system applications

•Guidance on/Validation of control system architectures

• Real-world distribution engineering constraints

• UTRC—Real-world controls development and implementation

• Physical modeling of systems under control

• Theoretical control theory

• Solution algorithms

• PJM—Large transmission system and wholesale market operator

• Integration of large numbers of DER into a wholesale market 

• Anticipated market and control interactions between transmission and 

distribution grids and operators 
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Tech Transfer Activities—IAB Schedule

• Late June 2016—Initial review and comment on: 

• Reference control and communications architectures

• Preliminary Control Theory Roadmap

• 1.4.10 Team makes mid course corrections

• September 2016—Final review and comment on: 

• Control Theory Integrated Roadmap final draft

• 1.4.10 Team makes final adjustments

• Summer 2017

• Review and validation of numerical testbed specifications

• Review and comment on risk-aware, multi-circuit control and 

optimization formulation and solutions

• Summer 2018

•Review and comment on hierarchical control and optimization including 

bulk power market integration

•Winter 2018

• Broader stakeholder technology transfer workshop
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Tech Transfer Activities—R&D Dissemination
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No Publication Name/Description Completion/Due Date

1 K. Dvijotham, P. Van Hentenryck, M. Chertkov, M. Vuffray, S. Misra, Graphical Models for Optimal 

Power Flow, Proceedings of 22nd International Conference on Principles and Practice of Constraint 

Programming (CP 2016) [best paper award], extended version is published in Constraints, p. 1-26 

(2016), arxiv:1606.06512; 

Completed/Nov 2016

2 D.K. Molzahn, C. Josz, and I.A. Hiskens, "Moment Relaxations of Optimal Power Flow Problems: 

Beyond the Convex Hull," IEEE Global Conference on Signal and Information Processing (GlobalSIP), 

December 2016.

Completed/December 

2016

3 K. Dvijotham and D.K. Molzahn, "Error Bounds on the DC Power Flow Approximation: A Convex 

Relaxation Approach," IEEE 55th Annual Conference on Decision and Control (CDC), December 

2016.

Completed/December 

2016

4 D.K. Molzahn, "Incorporating Squirrel-Cage Induction Machine Models in Convex Relaxations of 

OPF Problems," IEEE Transactions on Power Systems (Letters), 2017.

Completed/February 2017

5 X. Zhou, E. Dall’Anese, L. Chen, and K. Baker, “Incentive-based Voltage Regulation in distribution 

Systems,” American Control Conference, Seattle, WA, May 2017.

Completed/May 2017

6 M. Chertkov and V. Chernyak, “Ensemble of Thermostatically Controlled Loads: Statistical Physics 

Approach” arxiv:1701.04939,to appear (accepted) in Scientific Reports (Nature Group).

Completed/June 2017

7 M. Chertkov and V. Chernyak, Ensemble Control of Cycling Energy Loads: Markov Decision 

Approach, arxiv:1701.04941,

to appear (accepted) by Springer, Series: Institute of Mathematics and Applications, Title of book: 

Energy Markets and Responsive Grids: Modeling, Control and Optimization, editors: S. Meyn, T. 

Samad, S. Glavaski, I. Hiskens, J. Stoustrup.

Completed June 2017

8 J. Lian, D. Wu, K. Kalsi and H. Chen, “Theoretical framework for integrating distributed energy 

resources into distribution systems,” accepted by 2017 IEEE PES General Meeting, Chicago, IL, July 

2017. 

Completed, July 2017



Tech Transfer Activities—R&D Dissemination
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No Publication Name/Description Completion/Due Date

9 Stavros Karagiannapoulous, Line Roald, Petros Aristidou, Gabriela Hug, “Operational Planning of 

Active Distribution Grids under Uncertainty”, IREP Conference, August 2017

Completed/August 2017

10 L.A. Roald, D.K. Molzahn, and A.F. Tobler, "Power System Optimization with Uncertainty and AC 

Power Flow: Analysis of an Iterative Algorithm," to appear in IREP Symposium on Bulk Power 

System Dynamics and Control-X. The Power System of the Future: Global Dynamics arising from 

Distributed Actions, August 27 - September 1, 2017.

Completed/August 2017

11 D.K. Molzahn and I.A. Hiskens, "A Survey of Relaxations and Approximations of the Power Flow 

Equations," In preparation for invited submission to Foundation and Trends in Electric

Power Systems, 2017.

In Preparation/August 

2017

12 S Kundu, S Backhaus, and K Kalsi, “A Geometric Approach for Aggregating Flexibility of 

Heterogeneous Distributed Energy Resources”, to be submitted to IEEE Transactions on Smart Grid, 

2017

In Preparation/August 

2017

13 S Kundu, S P Nandanoori, J Lian and K Kalsi, “Uncertainty-Aware Frequency Responsive Load 

Control”, to be submitted to IEEE Transactions on Power Systems, 2017

In Preparation/September 

2017

14 “Identifying Critical Resiliency of Modern Distribution Systems with Open Source Modeling,” 

Resilience Week 2017 (IEEE xPlore).

Completed/September 

2017

15 “Electricity Distribution System Resilient Control System Metrics,” Resilience Week 2017 (IEEE 

xPlore).

Completed/September 

2017

16 D.K. Molzahn and K. Dvijotham, "Rigorous Error Bounds on Linear Approximations of the Power 

Flow Equations: A Convex Relaxation Approach," In preparation for submission to IEEE Transactions 

on Power Systems, 2017. 

In Preparation/September 

2017

17 K. Dvijotham, S. Misra, and D.K. Molzahn, "Optimal Adaptive Approximations of the AC Power Flow 

Equations," submitted to 20th Power Systems Computation Conference (PSCC), June 11-15, 2018.

Submitted/October 2017



Tech Transfer Activities—R&D Dissemination
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No Publication Name/Description Completion/Due Date

18 S Backhaus, L Roald, A Bernstein, and S Kundu, “Efficient Computation of the Aggregate 

Controllable Domain of Many Diverse Energy Resources”, to be submitted to Power Systems 

Computation Conference, Dublin, Ireland, June 2018

In Preparation/October, 

2017

19 S Kundu, A Bernstein, S Backhaus and K Kalsi, “Approximating Flexibility in Distributed Energy 

Resources: A Geometric Approach”, to be submitted to Power Systems Computation Conference, 

Dublin, Ireland, June 2018

In Preparation/October, 

2017

20 M. Vrakopoulou, D.K. Molzahn, J.F. Marley, and I.A. Hiskens, "Stochastic Reformulations of the AC 

Optimal Power Flow Problem with Probabilistic Guarantees," submitted to 20th Power Systems 

Computation Conference (PSCC), June 11-15, 2018.

In Preparation/October, 

2017

21 M.R. Rasoul, D.K. Molzahn, and M.L. Crow, "Strengthening QC Relaxations of OPF Problems via 

Constraints on Voltage Magnitude Differences," submitted to 20th Power Systems Computation 

Conference (PSCC), June 11-15, 2018.

In Preparation/October, 

2017

22 D.K. Molzahn and L.A. Roald, "AC Optimal Power Flow with Robust Feasibility Guarantees," 

submitted to 20th Power Systems Computation Conference (PSCC), June 11-15, 2018.

In Preparation/October, 

2017

23 Yee Sian Ng, Sidhant Misra, Line Roald, Scott Backhaus, “Optimal Recourse Design for Stochastic 

Optimal Power Flow”, PSCC, June 2018

In Preparation/October, 

2017

24 M. Chertkov, D. Deka, Voltage aware, stochastic optimal control of a complex distribution feeder, 

PSSC 2018 abstract (accepted)

In Preparation/October, 

2017

25 Y. Dvorkin, M. Chertkov, Enhanced Control Policies for Distribution Systems, PSSC 2018 abstract 

(accepted)

In Preparation/October, 

2017

26 A. Bernstein, C. Wang, E. Dall'Anese, and J.-Y. Le Boudec. "Multiphase Optimal and Non-Singular 

Power Flow by Successive Linear Approximations."

In Preparation/October, 

2017

27 J. Lian, J. Fuller and K. Kalsi, “Transactive control of thermostatically controlled loads for frequency 

regulation,” to be submitted to IEEE Transactions on Power Systems, 2017.

In Preparation/October, 

2017



Tech Transfer Activities—R&D Dissemination
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No Publication Name/Description Completion/Due Date

28 J. Lian, H. Chen, D. Wu and W. Zhang, “Multi-layer Market-based Approach for Seamless Integration 

of Distributed Energy Resources,” to be submitted to IEEE Transactions on Power Systems, 2017

In Preparation/October, 

2017

29 S. Kundu, J. Hansen, J. Lian, and K. Kalsi, “Assessment of optimal flexibility in ensemble of frequency 

responsive loads,” submitted to IEEE International Conference on Smart Grid Communications, 

October, 2017

Completed, October 2017

30 H. Chen, W. Zhang, J. Lian and A. Conejo, “Robust distributed Volt/VAR control of power 
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