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Agenda


AD10-12-005
June 23 – 25, 2014


	Monday, June 23, 2014

	8:30 AM
	Introduction (3M-2)
Richard O’Neill, Federal Energy Regulatory Commission (Washington, DC)

	9:00 AM
	Session M1 (Meeting Room 3M-2)
Overcoming Computational Challenges on Large Scale Security Constrained Unit Commitment Problems - MISO and ALSTOM’s Experience with MIP Solver
Yonghong Chen, MISO (Carmel, IN)
Xing Wang, Qianfan Wang, Alstom Grid (Redmond, WA)
Experiences of Operation Efficiency Evaluation and Improvement at PJM
Hong Chen, PJM Interconnection (Audubon, PA)
Day-Ahead and Short-Term Unit Commitment OPF with Voltage Stability Constraints
Khaled Abdul-Rahman, Enamul Haq, Jun Wu, California ISO (Folsom, CA)
Hsiao-Dong Chiang, Bigwood Systems, Inc. (Ithaca, NY)
Reserve Requirement Calculator in SPP Integrated Marketplace
Jie Wan, Alstom Grid (Redmond, WA)
Casey Cathey, Southwest Power Pool (Little Rock, AR)

	11:00 AM
	Break

	11:15 AM
	Session M2 (Meeting Room 3M-2)
Optimizing Wind Generation in ERCOT Nodal Market
Resmi Surendran, Hailong Hui, ERCOT (Taylor, TX)
Chien-Ning Yu, ABB/Ventyx (Santa Clara, CA)
Wind Dispatch Using Do-Not-Exceed Limit
Tongxin Zheng, Eugene Litvinov, Jinye Zhao, ISO New England (Holyoke, MA)

	12:15 PM
	Lunch

	1:30 PM
	Session M3 (Meeting Room 3M-2)
Estimation of the Secure Range for Dynamic Interchange Adjustment
Slava Maslennikov,  Xiaochuan Luo, ISO New England (Holyoke, MA)
Yuri Makarov, Pavel Etingov, Pacific Northwest National Laboratory (Richland, WA)
Topology Control Algorithms Simulations in PJM with AC Modeling
Pablo Ruiz, Xiao Li, Bruce Tsuchida, The Brattle Group (Cambridge, MA)
Michael C. Caramanis, Evgeniy Goldis, Boston University (Boston, MA)
Bhavana Keshavamurthy, PJM Interconnection (Audubon, PA)
C. Russ Philbrick, Polaris Systems Optimization (Shoreline, WA)
Aleksandr Rudkevich, Newton Energy Group (Newton, MA)
Richard D. Tabors, Tabors Caramanis Rudkevich (Cambridge, MA)
On the Use of Operating Parameters in Defining Marginal Cost and Minimizing Uplift
Paul Sotkiewicz, PJM Interconnection, LLC (Audubon, PA)

	3:00 PM
	Break

	3:30 PM
	Session M4 (Meeting Room 3M-2)
Operational and Practical Considerations for Stochastic Unit Commitment Solutions
Nivad Navid, Todd Ramey, Dhiman Chatterjee, MISO (Carmel, IN)
Performance-based Regulation Compensation Improve PJM Market Efficiency
Ying Xiao, Alstom Grid (Redmond, WA)
Paul Sotkiewicz, PJM Interconnection, LLC (Audubon, PA)
Performance-Based Pricing of Frequency Regulation in Electricity Markets
Alex Papalexopoulos, Panagiotis Andrianesis, ECCO International (San Francisco, CA)

	5:00 PM
	Adjourn





	Tuesday, June 24, 2014

	8:15 AM
	Arrive and welcome (3M-2)

	8:30 AM
	Session T1-A (Meeting Room 3M-2)
On Deployment Barriers and Research Challenges for Stochastic Unit Commitment
Jean-Paul Watson, Sandia National Laboratories (Albuquerque, NM)
A Comparison of Various Unit Commitment Techniques Dealing with Uncertainty
Daniel Kirschen, Yury Dvorkin, Yishen Wang, Ting Qiu, Hrvoje Pandzic, University of Washington (Seattle, WA)
An Improved Stochastic Unit Commitment Formulation to Accommodate Wind Uncertainty
Canan Uckun, Audun Botterud, Argonne National Laboratory (Lemont, IL)
John R. Birge, University of Chicago (Chicago, IL)
Economic Impacts of Wind Covariance Estimation on Power Grid Operations
Cosmin Petra, Mihai Anitescu, Victor Zavala, Argonne National Laboratory (Argonne, IL)

	
	Session T1-B (Meeting Room 3M-4)
Full AC Network Integrated Core Solver for the SuperOPF Framework
Hsiao-Dong Chiang, Bin Wang, Patrick Causgrove, Bigwood Systems, Inc. (Ithaca, NY)
Graph-Theoretic Algorithm for Arbitrary Polynomial Optimization Problems
Javad Lavaei, Ramtin Madani, Ghazal Fazelnia, Abdulrahman Kalbat, Columbia University (New York, NY)
Somayeh Sojoudi, New York University (New York, NY)
Moment-Based Relaxations of Optimal Power Flow Problems
Daniel Molzahn, Ian Hiskens, University of Michigan (Ann Arbor, MI)
Unbundling the Effects of Thermal Congestion, Voltage Congestion, Ramp Rates and Gaming on LMPs in Electricity Markets: The Case for Simple Bids
Marija Ilic, Xiaoqi Yin, Carnegie Mellon University (Pittsburgh, PA)

	10:30 AM
	Break

	10:45 AM
	Session T2-A (Meeting Room 3M-2)
Robust Reserve Modeling for Wind Power Integration in Ramp-Based Unit Commitment
Germán Morales-España, Royal Institute of Technology (KTH) (Stockholm, Sweden)
Ross Baldick, University of Texas (Austin, TX)
Javier Garcia-Gonzalez, Andres Ramos, Universidad Pontificia Comillas (Madrid, Spain)
Concepts and Practice Using Stochastic Programs for Determining Reserve Requirements
Robert Entriken, Eamonn Lannoye, Aidan Tuohy, EPRI (Palo Alto, CA)
Garret LaBove, Russ Philbrick, Polaris Systems Optimization
Edward Lo, California ISO (Folsom, CA)
Larsen Plano, Pacific Gas and Electric (San Francisco, CA)
SCUC and SCD Software for Fully Coordinated Regional Power Markets
Assef Zobian, Cambridge Energy Solutions (Cambridge, MA)

	
	Session T2-B (Meeting Room 3M-4)
Establishing a Consistent State of the European Electricity Transmission Network by Merging Non-synchronised Data from Several Countries with an AC Optimal Power Flow
Maxime Fender, Artelys (Montreal, Canada)
Mireille Chevallier, Rte (Versailles, France)
Sylvain Mouret, Pierre Girardeau, Manuel Ruiz, Artelys (Paris, France)
Operating Beyond PV Curve Limits
Marija Ilic, Jeffrey Lang, Sanja Cvijic, New Electricity Transmission Software Solutions, Inc. (NETSS, Inc) (Sudbury, MA)
Jiangzong Tong, PJM Interconnection (Audubon, PA)
Diran Obadina, ERCOT (Taylor, TX)
Stochastic Optimal Power Flow with Uncertain Reserves from Flexible Loads
Johanna Mathieu, Siqian Shen, University of Michigan (Ann Arbor, MI)
Maria Vrakopoulou, Göran Andersson, ETH Zurich (Zurich, Switzerland)

	12:15 PM
	Lunch

	1:30 PM
	Session T3-A (Meeting Room 3M-2)	
A Stochastic Electricity Market Clearing Formulation with Consistent Pricing Properties
Victor Zavala, Mihai Anitescu, Argonne National Laboratory (Argonne, IL)
Stochastic Modeling at Multiple Timescales
Hongyu Wu, Erik Ela, National Renewable Energy Laboratory (Golden, CO)
Multistage Robust Unit Commitment with Affine Policies and Efficient Algorithms
Sun Xu, Alvaro Lorca, Georgia Institute of Technology (Atlanta, GA)
Tongxin Zheng, Eugene Litvinov, ISO New England (Holyoke, MA)

	
	Session T3-B (Meeting Room 3M-4)	
Model-Predictive Cascade Mitigation in Electric Power Systems With Storage and Renewables
Mads Almassalkhi, Ian Hiskens, University of Michigan (Ann Arbor, MI)
Multi-time-step Chance Constrained Generation Re-dispatch
Daniel Bienstock, Columbia University (New York, NY)
Michael Chertkov, Scot Backhaus, Russell Bent, Los Alamos National Laboratory (Los Alamos, NM)
Quantifying the Trade-off Between Secure and Economic Operation of Power Systems Under Uncertainty
Maria Vrakopoulou, John Lygeros, Göran Andersson, ETH Zurich (Zurich, Switzerland)
Kostas Margellos, University of California Berkeley (Berkeley, CA)

	3:00 PM
	Break

	3:30 PM
	Session T4-A (Meeting Room 3M-2)
Scenario Reduction for Scalable Stochastic Unit Commitment
Sarah Ryan, Yonghan Feng, Iowa State University (Ames, IA)
Cesar Silva-Monroy, Jean-Paul Watson, Sandia National Laboratories (Albuquerque, NM)
David L. Woodruff, University of California Davis (Davis, CA)
Stochastic Models for Generation Unit Commitment
Tim Schulze, The University of Edinburgh (Edinburgh, United Kingdom)
Kenneth I.M. McKinnon, The University of Edinburgh (Edinburgh, United Kingdom)
A Scalable Decomposition Algorithm for Solving Stochastic Transmission and Generation Investment Planning Problems
Francisco Munoz, Jean-Paul, Sandia National Laboratories (Albuquerque, NM)

	
	Session T4-B (Meeting Room 3M-4)
Computational Performance of the Current-Voltage (IV) Linearization of the ACOPF: Before Extensions 
Anya Castillo, Richard P. O'Neill, Federal Energy Regulatory Commission (Washington, DC)
Paula Lipka, Schmuel Oren, University of California Berkeley (Berkeley, CA)
Jean-Paul Watson, Sandia National Laboratories (Livermore, CA) 
Transmission Switching with the Current-Voltage (IV) Linearization of the ACOPF
Anya Castillo, Richard P. O'Neill, Federal Energy Regulatory Commission (Washington, DC)
Paula Lipka, Schmuel Oren, University of California Berkeley (Berkeley, CA)
Jean-Paul Watson, Sandia National Laboratories (Livermore, CA) 
Evaluating High Penetrations of Off-Shore Wind using SMART-ISO
Warren B. Powell, Hugo P. Simao, Princeton University (Princeton, NJ)
Willett Kempton, Cristina Archer, University of Delware (Newark, DE)
Computational Study of Security Constrained Economic Dispatch with Multi-period Rescheduling 
Michael Ferris, Yanchao Liu,  Feng Zhao, University of Wisconsin (Madison, WI) 

	6:00 PM
	Adjourn

	
	




	Wednesday, June 25, 2014

	8:45 AM
	Arrive and welcome (3M-2)

	9:00 AM
	Session W1-A (Meeting Room 3M-2)
Distributionally Robust Congestion Management with Dynamic Line Ratings
Feng Qiu, Jianhui Wang, Argonne National Laboratory (Argonne, IL)
Real-time Dynamic Path Limit Computation for Market Efficiency and Grid Reliability
Nilanjan Ray Chaudhuri, Naresh Acharya, Chaitanya Baone, Santosh Veda, GE Global Research (Niskayuna, NY)
Implementation Of Dynamic Thermal Ratings in the Operational Environment
Kwok Cheung, Hongxia Wu, Alstom Grid (Redmond, WA)

Identifying, Modeling and Utilizing The Hidden Capacity in the Transmission Network
Richard Tabors, Tabors Caramanis Rudkevich (Cambridge, MA)
Adam Rousselle, Utility Risk Management Corporation (New Hope, PA)
Aleksandr Rudkevich, Newton Energy Group (Newton, MA)
Michael Seelhof, Tabors Caramanis Rudkevich (New York, NY)

	
	Session W1-B (Meeting Room 3M-4)
Stochastic Operations Toolkit for Power Systems with High Penetration of Solar Energy
Cesar Silva-Monroy, Jean-Paul Watson, Francisco Munoz, Sandia National Laboratories (Albuquerque, NM)
Richard Chen, Ali Pinar, Sandia National Laboratories (Livermore, CA)
Andrew Mills, Lawrence Berkeley National Laboratory (Berkeley, CA)
Clearing the Jungle of Stochastic Optimization for Handling Uncertainty in the Unit Commitment Problem
Warren B. Powell, Hugo P. Simao, Princeton University (Princeton, NJ)
Use of Cloud Computing in Power Market Simulations
Aleksandr Rudkevich, John Goldis, Newton Energy Group (Cambridge, MA)
Richard Tabors, Lorna Omondi, Tabors Caramanis Rudkevich (Cambridge, MA)
Facilitating Appropriate Compensation of Electric Energy and Reserve Through Standardized Contracts
Leigh Tesfatsion, Deung-Yong Heo, Iowa State University (Ames, IA)

	11:00 AM
	Break

	11:15 AM
	Session W2-A (Meeting Room 3M-2)
Concentric Relaxations and Transmission Switching
Jim Ostrowski, Mike Hare, University of Tennessee (Knoxville, TN)
Jianhui Wang, Argonne National Laboratory (Argonne, IL)
Probabilistic Security Analysis of Optimal Transmission Switching
Daniel Kirschen, Pierre Henneaux, University of Washington (Seattle, WA)

	
	Session W2-B (Meeting Room 3M-4)
Experience Solving the RTO Unit Commitment Test System
Stephen Elbert, Pacific Northwest National Laboratory (Richland, WA)
Stochastic Look-ahead Dispatch with Intermittent Renewable Generation via Progressive Hedging and L-shaped Method
Yingzhong (Gary) Gu, Le Xie, Texas A&M University (College Station, TX)

	12:15 PM
	Adjourn
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Staff Technical Conference on Increasing Real-Time and
Day-Ahead Market Efficiency through Improved Software
Abstracts
Monday, June 23
Session M1 (Monday, June 23, 9:00 AM, Meeting Room 3M-2)
OVERCOMING COMPUTATIONAL CHALLENGE ON LARGE SCALE SECURITY CONSTRAINED UNIT COMMITMENT PROBLEMS - MISO AND ALSTOM’S EXPERIENCE WITH MIP SOLVER
Dr. Yonghong Chen, Principal Advisor, MISO (Carmel, IN)
Dr. Xing Wang, R&D Director, Transmission and Pipelines, Alstom Grid (Redmond, WA)
Dr. Qianfan Wang, Power System Engineer, Alstom Grid (Redmond, WA)
With the integration of the south region, MISO is able to extent the benefit of the market to a larger footprint with its SCUC and SCED market clearing software. The integration also makes MISO’s SCUC problem one of the largest and most complicated unit commitment problems in the real world. MIP based SCUC clearing engine has made efficient market enhancements and market expansions possible since its implementation at MISO in 2009. Recent model expansion and increased market activities introduced significant challenges to the MIP solvers. While the MIP solver performs well most of the time, it does require longer time to produce quality solution under some instances. MISO and Alstom Grid identified two main drivers of the computational challenges: density of the MIP matrix caused by large amount of virtual activities and increased number of transmission constraints across larger footprint. MISO has been working with Alstom to develop approaches to address the MIP performance stability issues. Our experience shows that the heuristics developed outside the MIP solver eventually run into the challenge of how to justify the optimality and how to efficiently handle incremental MIP solves. During this process, it became critical to reach out to the R&D groups on the commercial solver side. This presentation is to share our experience and effort to overcome the computational challenges to solve MISO SCUC and promote more collaboration between the power industry and the OR community.
EXPERIENCES OF OPERATION EFFICIENCY EVALUATION AND IMPROVEMENT AT PJM
Dr. Hong Chen, Senior Consultant, PJM Interconnection (Audubon, PA)
Improving operation efficiency has been a continuous goal at PJM, along with ensuring grid reliability. This presentation will review the PJM’s  experiences on evaluating real-time operation efficiency, including Perfect Dispatch process, and improving operation efficiency through various  applications and operation practices. Challenges will be discussed as well.
DAY-AHEAD AND SHORT-TERM UNIT COMMITMENT OPF WITH VOLTAGE STABILITY CONSTRAINTS
Dr. Khaled Abdul-Rahman, Director, Power Systems & Smart Grid Technology, California ISO (Folsom, CA)
Dr. Hsiao-Dong Chiang, President, Bigwood Systems, Inc. (Ithaca, NY)
Dr. Enamul Haq, Senior Advisor, California ISO (Folsom, CA)
Dr. Jun Wu, Smart Grid Solutions Manager, California ISO (Folsom, CA)
Voltage instability and fluctuations tend to occur much earlier than voltage collapse. Preventive steps taken before a potential voltage collapse scenario are more helpful than steps taken afterward. A longer forecast window provides the ISO the critical time necessary to identify voltage issues and prevent collapse. CAISO developed Voltage Stability Analysis applications for Day-Ahead (VSA-DA) and Short-Term Unit Commitment (VSA-STUC) with Bigwood Systems (BSI) to supply optimized enhancements to allow the ISO to utilize reactive power compensating devices, real generation, reactive power generation, and in worst case load shedding to prevent collapse. The ISO had in place BSI’s tools using Energy Management System (EMS) data to supply VSA-RT 5-minute data and VSA-LA 2-hour forecasts. These tools are vitally effective over the limited timeframe of the EMS source information. To greatly expand the forecast time horizon, ISO developed new BSI applications to supplement the EMS-based VSA with market-based data. The tools, now running in production systems, VSA-DA (24 hours ahead, hourly data) and VSA-STUC (4.5 hours ahead, 15-minute data), employ market data to effectively supplement decision makers with a longer forecast time horizon. The presentation will give an overview of development and implementation of the VSA software and a description of the impact and benefits achieved by their application.
RESERVE REQUIREMENT CALCULATOR IN SPP INTEGRATED MARKETPLACE
Dr. Jie Wan, Sr. Principal Power System Engineer, Alstom Grid (Redmond, WA)
Mr. Casey Cathey, Manager, Market Support & Analysis, Southwest Power Pool (Little Rock, AR)
In SPP Integrated Marketplace, reserve zone boundary determination is a semi-annual or as-needed process. Reserve zone requirement calculation is done on a daily basis prior to the day-ahead market. This presentation will describe SPP’s daily reserve requirement calculator. The calculator is implemented using a DC power flow and sensitivity analysis based method to calculate hourly minimum and maximum reserve zone contingency reserve requirements efficiently. As part of the zonal contingency reserve calculation, a detailed list of transmission constraints which determine zonal import/export limits for each loss-of-generation event is generated. This information helps user identify the constraining transmissions for resolution of potential contingency incurred security issues. The reserve requirement calculator is integrated with market clearing engine for the consistency in handling transmission limits and outage data, load forecast, loss model and market resource availability between reserve requirement calculation and market clearing process.

Session M2 (Monday, June 23, 11:15 AM, Meeting Room 3M-2)
OPTIMIZING WIND GENERATION IN ERCOT NODAL MARKET
Ms. Resmi Surendran, Manager, Market Analysis, ERCOT (Taylor, TX)
Dr. Chien-Ning Yu, Consulting Engineer, ABB/Ventyx (Santa Clara, CA)
Dr. Hailong Hui, Supervisor, Market Operations Support, ERCOT (Taylor, TX)
ERCOT’s wind generation capacity is the highest among major ISOs in North America. As of March 2014, ERCOT has more than 11,000 MW of commercial wind power capacity, with nearly 8,000 MW of new projects in development. On March 26, instantaneous wind generation reached a record 10,296 MW. At the time, wind generation was providing nearly 29 percent of total system demand. This presentation will discuss how ERCOT schedules Wind Generation Resources (WGRs) in different stages of market clearing and scheduling processes including Day-Ahead Market (DAM), Reliability Unit Commitment (RUC) and Real-Time Security Constrained Economic Dispatch (SCED). In day ahead, ERCOT provides various financial instruments to allow the Qualified Scheduling Entities (QSEs) representing WGRs participate in DAM including Three-Part Supply Offers, Virtual Energy-Only offers/bids and Congestion Revenue Right (CRR) Obligation bids. In order to assess system reliability accurately, ERCOT utilizes the Short-Term Wind Power Forecast and Current Operating Plan in RUC to project the physical outputs and statuses of individual WGRs. In real-time, SCED re-dispatches WGRs every 5 minutes to accommodate the intermittence and variability of wind generation. Finally, the optimization engine has the capability to optimally determine the phase shifting transformer tap settings as part of DAM and RUC clearing process to allow more effective power transfer from wind farms in the West Texas area to ERCOT load center.
WIND DISPATCH USING DO-NOT-EXCEED LIMIT
Dr. Tongxin Zheng, Technical Manager, ISO New England (Holyoke, MA)
Dr. Eugene Litvinov, Cheif Technologist, ISO New England (Holyoke, MA)
Dr. Jinye Zhao, Lead Analyst, ISO New England (Holyoke, MA)
Integration of wind resources brings significant challenges to the bulk power system operation. Different from many conventional generators, wind resources are considered non-dispatchable resources. Due to their low marginal cost, system operators always dispatch flexible resources to cope with the changes in wind generation. When the system flexibility runs out, wind curtailment is implemented. Such practice creates two issues. One is that the wind resources do not follow their dispatch signals well due to their generation uncertainty. These resources will produce as much as possible whenever wind is available regardless of the system reliability. Another issue is that the curtailment action is implemented after the system has experienced certain security violation. 
In this presentation, we discuss a new wind dispatch process currently considered at ISO NE. In this dispatch process, each wind resource will receive a do-not exceed limit (DNE) dispatch signal, which indicates the maximum amount of generation that can be produced by the resource without causing any system reliability issues. A penalty is applied if a wind resource exceeds its DNE limit. Such dispatch method will provide the system operator a means to better utilize the low cost wind resources and improve the dispatch transparency to wind resources. This presentation also discusses the mathematical model of the DNE problem, which is formulated as a robust optimization problem, and its solution method.
Session M3 (Monday, June 23, 1:30 PM, Meeting Room 3M-2)
ESTIMATION OF THE SECURE RANGE FOR DYNAMIC INTERCHANGE ADJUSTMENT
Dr. Slava Maslennikov, Principal Analyst, ISO New England (Holyoke, MA)
Dr. Xiaochuan Luo, Technical Manager, ISO New England (Holyoke, MA)
Dr. Yuri Makarov, Chief Scientist, Pacific Northwest National Laboratory (Richland, WA)
Dr. Pavel Etingov, Senior Engineer, Pacific Northwest National Laboratory (Richland, WA)
Interchange at ISO-NE is scheduled on an hourly basis about 40 minutes before the actual flows without considering the impact of uncertainties such as load forecast error, availability and operating point of generators, deviation of actual intertie flow from schedule. To ensure the feasibility of the interchange schedules, a conservative static interchange security range is often enforced, lowering the overall economic efficiency. 
The presentation discusses an approach estimating the secure range for dynamic interchange adjustment, which assists system operator in scheduling the interchange with neighboring control areas. New process takes into account major uncertain factors in estimating secure range for the system ramping up and down capability at desired confidence level. The approach is implemented in developed by the PNNL’s off-line tool DINA and tested with actual ISO-NE data for 2011-2013.  
TOPOLOGY CONTROL ALGORITHMS SIMULATIONS IN PJM WITH AC MODELING
Dr. Pablo Ruiz, Senior Associate, The Brattle Group (Cambridge, MA)
Dr. Michael C. Caramanis, Professor, Boston University (Boston, MA)
Mr. Evgeniy Goldis, PhD Candidate, Boston University (Boston, MA)
Bhavana Keshavamurthy, PJM Interconnection (Audubon, PA)Xiao Li, Research Fellow, The Brattle Group (Cambridge, MA)
C. Russ Philbrick, President, Polaris Systems Optimization (Shoreline, WA)
Aleksandr Rudkevich, President, Newton Energy Group (Newton, MA)
Richard D. Tabors, President, Tabors Caramanis Rudkevich (Cambridge, MA)
Bruce Tsuchida, Principal, The Brattle Group (Cambridge, MA)
Transmission topology control (line switching) has the objective of supporting congestion management by routing power flow away from critical congested or overloaded facilities. The potential economic and reliability benefits of transmission topology control (line switching) have been shown to be very significant. However, topology control use has been limited to employment on an ad-hoc basis and to relying on the operators’ previous experience or a set of fixed procedures, due to the computational complexity of the problem. Our previous work developed near-optimal and yet tractable topology control algorithms (TCA) using DC power flow modeling. This presentation will report on simulation results of TCA technology impacts on detailed PJM models, using AC power flow assumptions. Current TCA activities, funded by DOE ARPA-E, include developing tractable, practical procedures that can be used in large systems, and that meet the current thermal, stability and voltage reliability criteria.
ON THE USE OF OPERATING PARAMETERS IN DEFINING MARGINAL COST AND MINIMIZING UPLIFT
Dr. Paul Sotkiewicz, Chief Economist, PJM Interconnection, LLC (Audubon, PA)
In an ideal energy market environment, marginal cost is defined as the incremental cost of providing one more MW to the system. However, generators have multiple operating constraints such as start-up costs, start-up times, minimum run times and minimum down times that can affect what is truly the marginal cost of operation. If market power mitigation can account for these operating parameters and include them as marginal cost, uplift may be minimized and energy price formation improved without the need to examine more complex pricing algorithms such as minimum uplift pricing or extended LMP (ELMP).
Session M4 (Monday, June 23, 3:30 PM, Meeting Room 3M-2)
OPERATIONAL AND PRACTICAL CONSIDERATIONS FOR STOCHASTIC UNIT COMMITMENT SOLUTIONS
Dr. Nivad Navid, Consultant Engineer, MISO (Carmel, IN)
Mr. Todd Ramey, Vice President, MISO (Carmel, IN)
Dr. Dhiman Chatterjee, Senior Manager, MISO (Carmel, IN)
Promising avenues presented by various techniques such as stochastic Unit Commitment solvers are well known in industry. Scenario selection in the heart of these techniques cover a wide range of uncertainties ensures adequate response to unforeseen events.  However, some of these scenarios impacting the final results do not impose such a major operational challenge, e.g., wind blows more than forecasted in the peak period, or wind drops during off peak period does not stress the rest of the generation fleet. By introducing some specific operational angles to scenario selections and making them sensitive to the load shape, one can introduce a better fit for optimal solution. 
Uncertainty grows with time domain. The shorter is the study horizon the smaller is the uncertainty. So, another operational issue could be related to the incremental commitment decision for the reminder of the day. For those system with resources with faster start up capability (e.g., gas fired units) considering all uncertainties in the DA commitment could be overkill specifically if the gas fired units are marginal units. 
PERFORMANCE-BASED REGULATION COMPENSATION IMPROVE PJM MARKET EFFICIENCY
Dr. Ying Xiao, Sr.Principal Power Systems Engineer, Alstom Grid (Redmond, WA)
Dr. Paul Sotkiewicz, Chief Economist, PJM Interconnection (Audobon, PA)
To provide sufficient incentives to faster-ramping resources and ensure efficient economic dispatch of regulation resources, in 2011 the Federal Energy Regulatory Commission (FERC) issued Order 755-Frequency Regulation Compensation in the Organized Wholesale Power Markets. The order requires for an additional market-based payment for actual performance, which is separated from the existing payment for regulation capability. Prior to Order 755, frequency regulation compensation practices of Regional Transmission Organizations (RTOs) and Independent System Operators (ISOs) only considered a capacity payment which cannot provide the correct and sufficient incentive for regulation resources to respond to a frequency control signal timely, accurately and precisely.
In early 2012, PJM and ALSTOM Grid launched a project to integrate the regulation performance model into the PJM Real-Time (RT) markets. The technical software has been operating in the PJM production environment since October 1, 2012.
This presentation focuses on the integration of the performance based regulation model into the PJM RT business processes and PJM experiences with the PBR in market efficiency improvement. With the performance of regulation resource being reflected in the market clearing mechanism, PJM has seen better frequency control signal response from resources. This enables PJM to reduce the amount of the regulation requirement significantly.
PERFORMANCE-BASED PRICING OF FREQUENCY REGULATION IN ELECTRICITY MARKETS
Dr. Alex Papalexopoulos, ECCO International (San Francisco, CA)
Panagiotis Andrianesis, ECCO International (San Francisco, CA)
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Tuesday, June 24
Session T1-A (Tuesday, June 24, 8:30 AM, Meeting Room 3M-2)
ON DEPLOYMENT BARRIERS AND RESEARCH CHALLENGES FOR STOCHASTIC UNIT COMMITMENT
Dr. Jean-Paul Watson, Distinguished Member of Technical Staff, Sandia National Laboratories (Albuquerque, NM)
Due to significant recent research effort devoted to developing advanced stochastic unit commitment (SUC) algorithms, deployment barriers related to solution times either have been or are close to being mitigated. For example, algorithms exist that are capable of solving 500-scenario ISO-NE SUC instances in less than 20 minutes of wall clock time. However, significant technological and methodological barriers remain, which must be solved prior to broader adoption of SUC by industry - and in order to maximize the benefit of SUC. First, multi-stage “continual commitment” models must be developed, in order to break down inefficient and artificial partitions between existing day-ahead, reliability, and real-time segments. Second, advances in forecasting methodologies are required to support efficient and incremental stochastic process model updates, to drive continual commitment models. Third, endogenous, dynamic, and forecast-dependent reserve strategies must be developed, to maximize the benefit of SUC. We discuss these key issues in the context of lessons learned from an APRA-e project focusing on the development and deployment of scalable algorithms for SUC.
A COMPARISON OF VARIOUS UNIT COMMITMENT TECHNIQUES DEALING WITH UNCERTAINTY
Dr. Daniel Kirschen, Professor, University of Washington (Seattle, WA)
Mr. Yury Dvorkin, PhD student, University of Washington (Seattle, WA)
Mr. Yishen Wang, PhD student, University of Wahsington (Seattle, WA)
Ms. Ting Qiu, PhD student, University of Washington (Seattle, WA)
Dr. Hrvoje Pandzic, Research Associate, University of Washington (Seattle, WA)
Intensive development of renewable generation forces system operators to revise their day-ahead decision-making practice to account for the stochastic nature of these resources. 
This presentation describes a new uncertainty-aware, transmission-constrained Unit Commitment (UC) based on a modification of the interval linear programming optimization. It also compares this UC technique with scenario-based stochastic and robust optimizations. This comparison is performed in terms of the following features:
· Ex-post operating cost estimated via Monte Carlo simulations and its sensitivity to the accuracy of the input uncertainty model. 
· Computational complexity and sensitivity of the schedules to the duality gap. 
· Tractability of each UC technique for sub-hourly scheduling. 
· Feasibility for market-clearing mechanisms to optimize the total social welfare, produce accurate price signals for market participants, and fairly remunerate flexibility providers.
The case study demonstrates that the proposed UC model outperforms the scenario-based approach in terms of computing time and the robust model in terms of the ex-post operating cost. It also exhibits low sensitivity to the accuracy of the input uncertainty model and enables sub-hourly scheduling.
AN IMPROVED STOCHASTIC UNIT COMMITMENT FORMULATION TO ACCOMMODATE WIND UNCERTAINTY
Dr. Canan Uckun, Postdoctoral Appointee, Argonne National Laboratory (Lemont, IL)
Dr. Audun Botterud, Energy Systems Engineer, Argonne National Laboratory (Lemont, IL)
Dr. John R. Birge, Professor, University of Chicago (Chicago, IL)
The United States targets to supply 20% of its electricity generation capacity using wind energy by 2030. The expansion of renewable resources, especially weather-based resources such as wind, creates more uncertainty and variability in the operation of the power grid. New methods and approaches in electricity market operations are needed to efficiently manage the continuing increase in variability and uncertainty caused by expanding intermittent wind. This paper proposes an improved stochastic programming approach for incorporating wind uncertainty into energy markets. The proposed formulation improves the standard two-stage stochastic unit commitment problem by incorporating a dynamic decision making approach.The numerical results present up to 1% decrease in operational costs compared to the two-stage stochastic unit commitment formulation.
ECONOMIC IMPACTS OF WIND COVARIANCE ESTIMATION ON POWER GRID OPERATIONS
Dr. Cosmin Petra, Asst. Computational Mathematician, Argonne National Laboratory (Argonne, IL)
Dr. Victor Zavala, Assistant Computational Mathematician, Mathematics and Computer Science Division, Argonne National Laboratory (Argonne, IL)
Elias D. Nino-Ruiz, PhD Candidate, Department of Computer Science, Virginia Tech (Blacksburg, VA)
Dr. Mihai Anitescu, Computational Mathematician, Mathematics and Computer Science Division, Argonne National Laboratory (Argonne, IL)
We study the economic impact of capturing spatio-temporal correlations between multiple supply points on economic dispatch procedures. Using a simple dispatch model we show analytically that over/underestimation of correlation between wind farms leads to social surplus and pricing inefficiencies. A rigorous, large-scale computational study for the State of Illinois transmission grid with real physical constraints reveals similar conclusions. For this study, we use the Rao-Blackwell-Ledoit-Wolf estimator to approximate the wind covariance matrix from a small number of wind samples generated with the numerical weather prediction model WRF and we use the covariance information to generate a large number of wind scenarios. The resulting stochastic dispatch problems are solved using the interior-point solver PIPS-IPM on the BlueGene/Q (Mira) supercomputer at Argonne National Laboratory. Our results point to the need to design a market that enables the incorporation of correlation information.
Session T1-B (Tuesday, June 24, 8:30 AM, Meeting Room 3M-4)
FULL AC NETWORK INTEGRATED CORE SOLVER FOR THE SUPEROPF FRAMEWORK
Dr. Hsiao-Dong Chiang, President, Bigwood Systems, Inc. (Ithaca, NY)
Dr. Bin Wang, Senior Engineer, Bigwood Systems, Inc. (Ithaca, NY)
Mr. Patrick Causgrove, General Manager, Bigwood Systems, Inc. (Ithaca, NY)
Previous research has been done to create a framework called SuperOPF that provides proper allocation and valuation of resources through true co-optimization across multiple scenarios with a full AC network implemented in research-grade software. This SuperOPF implementation currently lacks certain functional and performance capabilities necessary for a tool to be adopted in the energy industry. The research and development under BSI’s work addresses these issues for the SuperOPF core solver component. The core solver is the computational engine to process the optimization problem under the SuperOPF framework. The BSI-SuperOPF is a production-grade software (fast, robust) implementation of a core solver integrated in the SuperOPF Framework. The work includes handling utility industry standard network models, data management for SuperOPF constructs, handling of control variables for real and reactive power and support for objective functions of cost, losses and minimum violations of target voltage profiles.
GRAPH-THEORETIC ALGORITHM FOR ARBITRARY POLYNOMIAL OPTIMIZATION PROBLEMS
Dr. Javad Lavaei, Assistant Professor, Columbia University (New York, NY)
Mr. Ramtin Madani, PhD Student, Columbia University (New York, NY)
Ms. Ghazal Fazelnia, PhD Student, Columbia University (New York, NY)
Mr. Abdulrahman Kalbat, PhD Student, Columbia University (New York, NY)
Dr. Somayeh Sojoudi, Research Scientist, New York University (New York, NY)
In this talk, we study a general mixed-integer nonlinear optimization problem using a convex relaxation named semidefinite programming (SDP). The existence of a rank-1 matrix solution to the SDP relaxation enables the recovery of a global solution of the original problem. We show that the SDP relaxation of every security-constrained unit-commitment optimal power flow problem has an SDP solution whose rank is upper bounded by a parameter, named the graph complexity of the network. The graph complexity is, for instance, equal to 6 for the IEEE 300-bus system and is about 15 for various Polish systems. We also show that every polynomial optimization can be sparsified through an equivalent reformulation so that its graph complexity reduces to 2. This result implies that an arbitrary mixed-integer nonlinear optimization has a convex relaxation (obtained through a sparse reformulation) with an SDP solution of rank 1 or 2. If the rank is 1, a global solution of the original problem can be found. Whenever the rank is 2, a near-global solution may be found via a rank-1 approximation. This provides a powerful technique for solving general power optimization problems. The results of this talk will be demonstrated on Polish and New England systems for two problems of nonlinear optimization for power systems and optimal distributed control of power networks to maximize the penetration of renewable energy.
MOMENT-BASED RELAXATIONS OF OPTIMAL POWER FLOW PROBLEMS
Dr. Daniel Molzahn, Dow Postdoctoral Fellow, University of Michigan (Ann Arbor, MI)
Dr. Ian Hiskens, Vennema Professor of Engineering, University of Michigan (Ann Arbor, MI)
Convex relaxations of non-convex AC optimal power flow (OPF) problems have recently attracted significant research interest. Existing relaxations globally solve many AC OPF problems. However, there are practical problems for which existing relaxations fail to yield physically meaningful solutions.This presentation describes a hierarchy of "moment-based" convex relaxations that globally solve many problems for which existing relaxations fail. The moment-based relaxations, which take the form of semidefinite programs, are developed from the Lasserre hierarchy for generalized moment problems. Increasing the order in this hierarchy results in "tighter" relaxations at the computational cost of larger semidefinite programs. The semidefinite relaxation studied in existing literature is closely related to the first-order relaxation in the Lasserre hierarchy. The second-order relaxation globally solves many small OPF problems for which the first-order relaxation fails. Comparing the feasible spaces of the first and second-order relaxations of small problems illustrates the capabilities of the higher-order relaxations. Ongoing work includes extending the moment-based relaxations to large problems by exploiting power system sparsity. By only applying the higher-order relaxation to specific portions of the OPF problem, global solutions to larger problems are obtained in a computationally effective manner. The IEEE 300-bus system provides a proof-of-concept example for this approach.
UNBUNDLING THE EFFECTS OF THERMAL CONGESTION, VOLTAGE CONGESTION, RAMP RATES AND GAMING ON LMPS IN ELECTRICITY MARKETS: THE CASE FOR SIMPLE BIDS
Dr. Marija Ilic, Professor, Carnegie Mellon University (Pittsburgh, PA)
Xiaoqi Yin, Title, Carnegie Mellon University (Pittsburgh, PA)
Locational marginal prices (LMPs) in today’s electricity markets represent the bundled effect of thermal congestion, voltage congestion, ramp rates, reserve requirements and gaming.  The fundamental problem is how to unbundle these effects and create different settlements with those causing these effects on the basic energy price.   In this talk we describe how this long-standing problem can be overcome by creating generalized simple bids currently used in the Spanish market to internalize the effects of ramp rates, uncertainties, reserve requirements (inter-temporal and uncertain)  and gaming into a single  simple bid which is being  cleared simply using these bids subject to nonlinear network constraints.  This way the hard-to-unbundle components are internalized as a simple bid is submitted to day-ahead or real-time market.  The bids are created by optimizing distributed objectives of the bidders subject to their own inter-temporal constraints and risk preferences, and are seen by the market as certain bids which do not have any ramp rate limits and can be assumed to be implementable for the time horizon of the market into which the bids are submitted.  As a consequence of internalization, they vary from one bidding interval to the next, but the bidders should be able to in a quantifiable way demonstrate why they made such bids, for example when monitored  by market monitoring folks.  The market clearing process is very straightforward, as there are no inter-temporal or stochastic aspects of clearing, and can be done using static OPF methods.  We present a small example which illustrate how would this work and how such a settlement process could reward the right technologies and right stakeholders for what they do.  A more conceptual discussion of the proposed approach in the context of market gaming and computational simplicity required to implement this settlement is provided.
Session T2-A (Tuesday, June 24, 10:45 AM, Meeting Room 3M-2)
ROBUST RESERVE MODELING FOR WIND POWER INTEGRATION IN RAMP-BASED UNIT COMMITMENT
Mr. Germán Morales-España, PhD Student, Royal Institute of Technology (KTH) (Stockholm, Sweden)
Dr. Ross Baldick, Full Professor, University of Texas (Austin, TX)
Dr. Javier García González, Assistant Professor, Universidad Pontificia Comilla (Madrid, Spain)
Dr. Andrés Ramos, Full Professor, Universidad Pontificia Comillas (Madrid, Spain)
We propose a UC formulation with robust reserve modeling to tackle wind uncertainty. To correctly represent wind uncertainty, the model distinguishes between power-capacity and ramp-capability requirements. To efficiently manage the flexibility of the power system, thus overcoming drawbacks of traditional UC models, the ramp-based UC draws a clear distinction between power and energy and also includes the startup and shutdown power trajectories of generating units.
To guarantee that the UC solution is feasible for any realization of the uncertain wind production, the model includes the worst-case wind power scenario, provided by the adaptive robust optimization (ARO) problem. We show that by considering wind curtailment, the worst-case scenario can be obtained before solving the UC. Then, the ARO-UC becomes a single-scenario UC. i.e, the final proposed model remains as a pure MIP problem. In comparison, the traditional ARO-UC requires solving an MIP together with a bilinear program; since the bilinear program is nonconcave, only a local optimum can be guaranteed. In addition, bilinear programs are in general NP-hard, making the final problem considerably more complex to solve than a pure MIP.
If compared to traditional deterministic and stochastic UCs, the proposed UC significantly decreases operation costs while simultaneously lowering the computational burden. UC comparisons are made through 5-min optimal dispatch simulation under hundreds of out-of-sample wind scenarios.
CONCEPTS AND PRACTICE USING STOCHASTIC PROGRAMS FOR DETERMINING RESERVE REQUIREMENTS
Dr. Robert Entriken, Principle Technical Leader, EPRI (Palo Alto, CA)
Garret LaBove, Polaris Systems Optimization
Eamonn Lannoye, EPRI (Palo Alto, CA)
Edward Lo, California ISO (Folsom, CA)
Russ Philbrick, Polaris Systems Optimization
Larsen Plano, Pacific Gas and Electric (San Francisco, CA)
Aidan Tuohy, EPRI (Palo Alto, CA)
We describe through a simple representative model, how to appropriately determine reserve reserve requirements. The model is designed to illuminate potential procurement issues for a Load Following class of reserve, in both deterministic and stochastic problem formulations, and to show how to leverage modern power system optimization tools to automatically select resources that address deliverability issues in an economically efficient manner. Practical experience, gained from an operational model of the WECC, is also shared.
SCUC AND SCD SOFTWARE FOR FULLY COORDINATED REGIONAL POWER MARKETS
Dr. Assef Zobian, President, Cambridge Energy Solutions (Cambridge, MA)
The software objective is to allow operators to clear the electric power markets with a fully coordinated congestion management and marginal loss calculations, and provide the option to optimize operating reserves, storage and economic schedules across multiple regional markets (only from a technical perspective and not as a policy issue).The wholesale electric power markets in the US are currently loosely coordinated with significant operational inefficiencies. There are many initiatives, proposals, and plans to address and resolve these issues, however they remain so far short of an ideal solution of an effectively a single market.  The outcome of a single market can be theoretically achieved by replacing each ISO day-ahead and real time markets clearing software with equivalent software that considers that ISO and all other neighboring ISOs/Systems data at the same time. The confidential bid or any other data is transparent only to the ISO that owns the data.  This software clears the DA and RT markets in a coordinated/simultaneous fashion, as a single optimization taking into consideration each ISO information and energy balance constraint (including scheduled transactions).This software allows for coordination among regions with or without regional operators or ISOs. Non ISO regions can effectively provide schedules that optimize their own portfolios with ability to participate in the regional market.
Session T2-B (Tuesday, June 24, 10:45AM, Meeting Room 3M-4)
ESTABLISHING A CONSISTENT STATE OF THE EUROPEAN ELECTRICITY TRANSMISSION NETWORK BY MERGING NON SYNCHRONISED DATA FROM SEVERAL COUNTRIES WITH AN (AC) OPTIMAL POWER FLOW
Mr. Maxime Fender, Optimization Consultant, Artelys (Montréal, Canada)
Mrs. Mireille Chevallier, R&D Engineer, RTE (Versailles, France)
Mr. Sylvain Mouret, Product Manager, Artelys (Paris, France)
Mr. Pierre Girardeau, Optimization Consultant, Artelys (Paris, France)
Mr. Manuel Ruiz, Optimization Consultant, Artelys (Paris, France)
In the idea of always providing better prices to the consumers, the European commission decided to ensure competition between all the European electricity suppliers. To enable such a thing, it is necessary to set up a European grid with sufficient transmission capacities and to provide tools to operate the networks. Artelys and 12 other R&D providers have been selected to help 6 TSOs (Belgium, France, Greece, Norway, Portugal and United Kingdom) at creating inside the iTesla project an online toolbox to support the future operation of the pan-European electricity transmission network. One task of this toolbox is to establish every 15 minutes a consistent state of the European network by merging data from each country to enable subsequent security analyses. The idea is to solve a particular ACOPF model where productions, loads, voltage magnitude, voltage phase, phase-shifter transformer configurations are variables but must remain close to the values uploaded on the online platform by each national TSO. Solving this ACOPF presents several difficulties from how to deal with non-synchronized and erroneous data to the large dimension of the network with more than 6000 nodes and 9000 transmission lines without speaking of the execution time that must remain short since the optimization is launched every 15 minutes.
During the presentation Artelys will detail this challenging operational problem, describe the ACOPF model and finally present the results on several real instances.
OPERATING BEYOND PV CURVE LIMITS
Dr. Marija Ilic, Professor, NETSS, Inc (Sudbury, MA)
Dr. Jeffrey Lang, Consultant, NETSS, Inc (Sudbury, MA)
Dr. Sanja Cvijic, Director of Software, NETSS, Inc (Sudbury, MA)
Jiangzong Tong, PJM Interconnection (Audubon, PA)  
Diran Obadina, ERCOT (Taylor, TX)

The PV curves are used for assessing possible point-to-point transfers of economic and/or clean power without creating reliability problems.   We first  review the use of PV curves in today’s operations. We conclude that PV curves are based on power flow analyses and lead to defining  potentially conservative proxy thermal, and that the conclusions are hard to  extend to general  grids.  Also, the conclusions on transfers depend to a great extent on how is the reactive power of the load modeled (constant power factor or constant reactive power, or something else). 
We also propose to use optimization  for enhancing efficiency while still ensuring reliable operations.  This is done by defining an optimization objective and satisfying all branch thermal limits and bus voltage limits.  All controllable equipment is considered as candidate optimization variable,  in particular real power generation, generator voltage set points, transformer ratios and shunt capacitors, and any other available controllable equipment.  To ensure (N-1) reliability thermal branch limits and bus voltage limits are tighten appropriately during optimization so that in case contingencies occur the limits are still observed. Finding the optimal control actions is very combinatorial and hard to compute for large real-world systems  using power flow analyses for different candidate controllers.  We demonstrate the potential for increased power transfers by means of such optimization for two real world large-scale  grids, PJM and ERCOT.
 STOCHASTIC OPTIMAL POWER FLOW WITH UNCERTAIN RESERVES FROM FLEXIBLE LOADS
Dr. Johanna Mathieu, Assistant Professor, University of Michigan (Ann Arbor, MI)
Dr. Maria Vrakopoulou, Postdoc, ETH Zurich (Zurich,Switzerland)
Dr. Siqian Shen, Assistant Professor, University of Michigan (Ann Arbor, MI)
Dr. Göran Andersson, Professor, ETH Zurich (Zurich, Switzerland)
Flexible loads can provide ancillary services to power systems via load control, and the hope is that this new resource will be less expensive and/or have less environmental impact than conventional resources that provide these service. However, a fundamental challenge is that the amount of capacity available from load control is time varying and uncertain, and the uncertainty is complex -- stemming from a variety of correlated sources (e.g., ambient conditions, load usage patterns, previous load control actions), both exogenous and endogenous. We propose a stochastic optimal power flow formulation that allows us to manage load control uncertainty resulting from noisy outdoor air temperature forecasts along with production uncertainty from renewables.  We formulate a chance-constrained problem and use a scenario-based method to solve it. To evaluate the effectiveness of our methodology, we carry out a simulation-based analysis on the IEEE 30-bus network.  Current work is focused on development of alternative data-driven optimization methods that are capable of managing the full complexity load control uncertainty. These methods do not require a-priori knowledge of uncertainty distributions and they make better use of the “value of data” than traditional scenario or robust optimization approaches.
Session T3-A (Tuesday, June 24, 1:30 PM, Meeting Room 3M-2)
A STOCHASTIC ELECTRICITY MARKET CLEARING FORMULATION WITH CONSISTENT PRICING PROPERTIES
Dr. Victor Zavala, Assistant Computational Mathematician, Argonne National Laboratory (Argonne, IL)
Dr. Mihai Anitescu, Senior Computational Mathematician, Argonne National Laboratory (Argonne, IL)
We argue that deterministic market clearing formulations introduce strong and arbitrary distortions between day-ahead and expected real-time prices that bias economic incentives and block diversi cation. We extend and analyze the stochastic clearing formulation proposed by Pritchard et al. (2010) in which the social surplus function induces L1 penalties between day-ahead and real-time quantities. We prove that the formulation yields price distortions that are bounded by the bid prices, and we show that adding a similar penalty term to transmission flows ensures boundedness throughout the network. We prove that when the price distortions are zero, day-ahead quantities and flows converge to the medians of real-time counterparts. We demonstrate that convergence to expected value quantities can be induced by using a squared L2 penalty. The undesired effects of price distortions suggest that arguments based on social surplus alone are insu cient to fully appreciate the benefits of stochastic market settlements. We thus propose additional metrics to evaluate these benefits.
STOCHASTIC MODELING AT MULTIPLE TIMESCALES
Dr. Hongyu Wu, Research Engineer, National Renewable Energy Laboratory (Golden, CO)
Mr. Erik Ela, Senior Engineer, National Renewable Energy Laboratory (Golden, CO)
This presentation will discuss the incorporation of stochastic modeling on a rolling, multi-timescale, multi-time horizon power system operations model. The objective of this tool is to explore stochastic modeling at different timescales from typical day-ahead horizon and hourly resolution. Day-ahead, intra-day, real-time SCUC, and real-time SCUC, with a deterministic rule-based automatic generation control. These will have stochastic modeling approaches which separate the first stage "here and now" decisions with the second stage, "wait and see" decisions for each of these models. The major advantage to this type of tool, is that we will now be able to understand the reliability improvements to reducing the imbalance of a system, in addition to any efficiency benefits obtained.
MULTISTAGE ROBUST UNIT COMMITMENT WITH AFFINE POLICIES AND EFFICIENT ALGORITHMS
Dr. Xu Sun, Assistant Professor, Georgia Institute of Technology (Atlanta, GA)
Mr. Alvaro Lorca, Graduate Research Assistant, Georgia Institute of Technology (Atlanta, GA)
Dr. Tongxin Zheng, Technical Manager, ISO New England (Holyoke, MA)
Dr. Eugene Litvinov, Senior Director, ISO New England (Holyoke, MA)
The growing uncertain factors such as in the wind and solar power generation and electricity demand make the operation of large-scale electric power systems highly challenging. Motivated by this, we present a multistage adaptive robust optimization formulation for the most critical daily operational problem of the power system, namely the unit commitment (UC) problem, in the situation where the nodal net electricity load is uncertain. The proposed multistage robust UC model takes into account time causality of the hourly unfolding of uncertainty in the economic dispatch decision process. This model leads to commitment decisions that effectively hedge to future realizations of net electricity load. In order to efficiently obtain high-quality solutions for this problem, we discuss the concept of simplified affine policies and develop an innovative solution method. To the best of our knowledge, this is the first multistage robust UC model together with an efficient solution algorithm proposed in the literature. Extensive computational experiments on the IEEE test systems with 30, 118 buses and the Polish system with 2718 buses show that the proposed multistage robust UC with simplified affine policies can be solved efficiently and achieve close-to-optimal solutions. The benefits of the proposed model over the deterministic UC and two-stage robust UC are also discussed thoroughly.
Session T3-B (Tuesday, June 24, 1:30 PM, Meeting Room 3M-4)
MODEL-PREDICTIVE CASCADE MITIGATION IN ELECTRIC POWER SYSTEMS WITH STORAGE AND RENEWABLES
Dr. Mads Almassalkhi, Visiting Scholar, University of Michigan (Ann Arbor, MI)
Dr. Ian Hiskens, Professor, University of Michigan (Ann Arbor, MI)
This presentation discusses a bilevel hierarchical control scheme for managing contingencies in electric power systems. The scheme balances economic and security objectives through the use of a higher-level optimal scheduling process and a novel lower-level model predictive control (MPC) strategy. The MPC design rejects disturbances (contingencies) while tracking the optimal set-points established by the higher level. A piece-wise linear convex approximation of line losses is employed to model the effect of transmission line power flow on conductor temperatures. Control is achieved through a receding-horizon model predictive control (MPC) strategy which alleviates line temperature overloads and thereby prevents the propagation of outages. The MPC strategy adjusts line flows by rescheduling generation, energy storage and controllable load, while taking into account ramp-rate limits and network limitations. The MPC strategy is illustrated through simulation of the IEEE RTS-96 network, augmented to incorporate energy storage and renewable generation.
MULTI-TIME-STEP CHANCE CONSTRAINED GENERATION RE-DISPATCH
Dr. Daniel Bienstock, Professor, Columbia University (New York, NY)
Dr. Michael Chertkov, Staff Member, Los Alamos National Laboratory (Los Alamos, NM)
Dr. Scot Backhaus, Staff Member, Los Alamos National Laboratory (Los Alamos, NM)
Dr. Russell Bent, Staff Member, Los Alamos National Laboratory (Los Alamos, NM)
We discuss models for generation re-dispatch across multiple intervals of OPF planning (each interval spans e.g. 5 minutes) with renewables (wind) included in the generation mix.  In response to wind changes, generators change output to an affine control law (computed as the optimal solution to a stochastic optimization problem). Stochastic wind changes can in principle attain large magnitudes (though with low probability); we use chance constraints to attain low probability of line overloads.   We have previously considered such a model but restricted to a single OPF planning interval. Additional new modeling ingredients are as follows.  First, we assume a weather forecast spanning the time horizon but possibly indicating a progression of change; however actual conditions experienced in real time will deviate from the forecast and further such "errors" will be correlated, and a critical ingredient is how to capture such correlations across the entire planning horizon.   
Second, we consider control laws that are "adaptable", that is to say the control can be changed as a function of observations. Additionally, we model generator ramping constraints: changes mandated by an OPF computation at the start of an interval are gradually achieved during that interval, and furthermore additional changes may be mandated by AGC actions due to e.g. wind changes not accommodated by the control.  We discuss convex (and computationally tractable) formulations of these problems.
QUANTIFYING THE TRADE-OFF BETWEEN SECURE AND ECONOMIC OPERATION OF POWER SYSTEMS UNDER UNCERTAINTY
Dr. Maria Vrakopoulou, ETH Zurich (Zurich, Switzerland)
Dr. Kostas Margellos, Researcher, University of California Berkeley (Berkeley, CA)
Dr. John Lygeros, Professor, ETH Zurich (Zurich,Switzerland)
Dr. Göran Andersson, Professor, ETH Zurich (Zurich, Switzerland)
The increasing level of uncertainty in power systems highlights the need to revisit operational concepts and develop novel design methodologies to achieve a better trade-off between secure and economic operation. We first discuss the concept of probabilistic security and consider the optimal power flow problem with N-1 security constraints and renewable in-feed uncertainty. We consider both the DC and AC power flow formulations. We introduce a feedback policy on frequency and voltage control loops and show how these problems can be transformed into chance constrained optimization programs. To solve these programs, we demonstrate how recently developed algorithms based on uncertainty sampling that offer a-priori guarantees regarding the probability of constraint satisfaction can be exploited.  These methods avoid assumptions on the distribution of the uncertainty. We then show how our stochastic security constrained optimal power flow framework can be extended to incorporate optimal reserve decisions and propose a reserve strategy that can be deployed in real time for any realization of the uncertainty. Simulation results are shown in IEEE benchmark systems and the efficiency on large-scale systems is discussed. We have also extended this framework in different directions e.g. including scheduling of uncertain reserves from demand response, unit commitment decisions, scheduling of other controllable network components, and controlling risk based on outage probabilities.
Session T4-A (Tuesday, June 24, 3:30 PM, Meeting Room 3M-2)
SCENARIO REDUCTION FOR SCALABLE STOCHASTIC UNIT COMMITMENT
Dr. Sarah Ryan, Professor, Iowa State University (Ames, IA)
Mr. Yonghan Feng, Research Assistant, Iowa State University (Ames, IA)
Dr. Cesar Silva-Monroy, Sandia National Laboratories (Albuquerque, NM)
Dr. Jean-Paul Watson, Distinguished Member of Technical Staff, Sandia National Laboratories (Albuquerque, NM)
Dr. David L. Woodruff, Professor, University of California Davis (Davis, CA)
Scenarios for stochastic unit commitment represent plausible time series of loads and variable generation quantities over the scheduling horizon accompanied by probabilities of their occurrence.  The stochastic processes for these quantities are not, in general, highly correlated and the data from which they are estimated come from diverse sources.  It is natural, therefore, to generate scenarios for different variables separately and cross them to produce multidimensional scenario paths.  The combinatorial result is a large number of scenarios even though the constituent ones have been generated very carefully to approximate each underlying process with only a few paths.  To make reliable and cost-effective unit commitment decisions in a reasonable amount of computation time, we would like to employ only as many scenarios as are necessary to capture their combined impacts on those decisions.  This talk will describe the performance of a scenario reduction heuristic that selects scenarios based on sensitivity of the commitment schedule and its resulting cost and reliability impacts.  The selected scenarios are evaluated by solving the reduced stochastic unit commitment problem and then simulating dispatch based on its solution.
STOCHASTIC MODELS FOR GENERATION UNIT COMMITMENT
Mr. Tim Schulze, MSc, The University of Edinburgh (Edinburgh, United Kingdom)
Dr. Kenneth I.M. McKinnon, Profesor, The University of Edinburgh (Edinburgh, United Kingdom)
In recent years the growth in power supply from volatile renewable energies has triggered an increased interest in stochastic models for generation unit commitment. Both, two stage and multi stage models have been proposed for the purpose of dealing with this new source of uncertainty. We review the motivation behind both types of models and evaluate them against deterministic models in a rolling horizon planning process. Our test system is a central planning unit commitment model of the projected 2020 British power system, with transmission limits and a pump storage model, using historic UK wind data from 2010. The stochastic instances are solved by scenario decomposition, following a dually stabilized column generation approach.
A SCALABLE DECOMPOSITION ALGORITHM FOR SOLVING STOCHASTIC TRANSMISSION AND GENERATION INVESTMENT PLANNING PROBLEMS
Dr. Francisco Munoz, Postdoctoral Appointee, Sandia National Laboratories (Albuquerque, NM)
Dr. Jean-Paul Watson, Distinguished Member of Technical Staff, Sandia National Laboratories (Albuquerque, NM)
Stochastic transmission and generation expansion planning models are receiving increasing attention among researchers today. They are being used to explicitly model uncertainties that result from the increasing penetration of renewable energy technologies, as well as from long-term market and regulatory conditions.  However, existing commercial planning tools still lack stochastic capabilities. We propose a two-stage investment-planning model that takes into account the aforementioned uncertainties, and we describe a scalable decomposition algorithm to solve real-sized problems. An application of our algorithm is illustrated using a 240-bus network representation of the Western Electricity Coordinating Council. We discuss its performance when implemented in both the Red Mesa/Sky supercomputer and a commodity multi-core workstation.
Session T4-B (Tuesday, June 24, 3:30 PM, Meeting Room 3M-4)
COMPUTATIONAL PERFORMANCE OF THE CURRENT-VOLTAGE (IV) LINEARIZATION OF THE ACOPF: BEFORE EXTENSIONS
Anya Castillo, Operations Research Analyst, Federal Energy Regulatory Commission (Washington, DC)
Paula Lipka, University of California Berkeley (Berkeley, CA)
Dr. Jean-Paul Watson, Distinguished Member of Technical Staff, Sandia National Laboratories (Livermore, CA) 
Dr. Richard P. O'Neill, Chief Economic Advisor, Federal Energy Regulatory Commission (Washington, DC)
Dr. Shmuel Oren, Professor, University of California Berkeley (Berkeley, CA)
Computational advancements are enabling RTOs/ ISOs to adopt more efficient market design. Our current-voltage (IV) linearization of the ACOPF can be embedded within more complex optimization problems to leverage commercial-grade solvers in assessing actual operational and planning challenges. In this presentation we demonstrate the initial performance for the IV-ACOPF. We then discuss ongoing improvements followed by upcoming extensions in MIP optimization in order to incorporate decision making processes.
TRANSMISSION SWITCHING WITH THE CURRENT-VOLTAGE (IV) LINEARIZATION OF THE ACOPF
Paula Lipka, Title, University of California Berkeley (Berkeley, CA)
Anya Castillo, Operations Research Analyst, Federal Energy Regulatory Commission (Washington, DC)
Dr. Jean-Paul Watson, Principal Member of Technical Staff, Sandia National Laboratories (Livermore, CA) 
Dr. Richard P. O'Neill, Chief Economic Advisor, Federal Energy Regulatory Commission (Washington, DC)
Dr. Shmuel Oren, Professor, University of California Berkeley (Berkeley, CA)
Transmission switching is frequently used to reduce total system cost or assist in restoring a system after a contingency.  This talk discusses transmission switching in an alternating current (AC) feasible setting.  We use a sequential linear program that approximates the ACOPF, and we introduce disjunctive constraints with binary variables on the current flows to model line switching.  We examine the impact on voltage and reactive power of switching lines out. 
EVALUATING HIGH-PENETRATIONS OF OFF-SHORE WIND USING SMART:ISO
Warren B. Powell, Princeton University (Princeton, NJ)
Hugo P. Simao, Princeton University (Princeton, NJ)
Willett Kempton, University of Delaware (Newark, DE)
Cristina Archer, University of Delaware (Newark, DE)
SMART-ISO is a detailed, informationally correct model of the PJM energy markets and power grid, designed from the beginning to accurately capture the sequencing of information and decisions to accurately model the uncertainty associated with high penetrations of renewables.  SMART-ISO simulates the complete grid in 5-minute increments, with day-ahead unit commitment, intermediate-term unit commitment (called IT-SCED at PJM), and real-time economic dispatch (RT-SCED).  The model reflects notification times of each generator, and uses forecasting comparable to that available at PJM.  After designing the model to calibrate closely against PJM, we tuned a robust cost function approximation to handle the uncertainty of higher penetrations of wind.  We will report on the results of an extensive series of simulations that capture the ability of PJM’s current operating policies to handle high levels of renewables.
COMPUTATIONAL STUDY OF SECURITY CONSTRAINED ECONOMIC DISPATCH WITH MULTI-PERIOD RESCHEDULING
Yanchao Liu, University of Wisconsin (Madison, WI)
Michael Ferris, University of Wisconsin (Madison, WI)
Feng Zhao, University of Wisconsin (Madison, WI)
We model post-contingency corrective actions in the security-constrained economic dispatch and consider multiple periods for rescheduling to meet different security constraints. The resulting linear program is insolvable by traditional LP methods due to its large size. We devise and implement a series of algorithmic enhancements based on Benders' decomposition method to ameliorate the computational difficulty. These enhancements include reducing the number of subproblems, solving the LPs faster by using appropriate solver options, harnessing parallel computing and treating difficult contingencies separately via a parallel “feasibility checker'' process. In addition, we propose a set of online measures to diagnoseand correct infeasibility issues encountered in the solution process. The overall solution approach is able to process the “N-1” contingency list in ten minutes for all large network cases (e.g., the Polish 2383-bus case) available for experiments.
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Session W1-A (Wednesday, June 25, 9:00 AM, Meeting Room 3M-2)
DISTRIBUTIONALLY ROBUST CONGESTION MANAGEMENT WITH DYNAMIC LINE RATINGS
Dr. Feng Qiu, Postdoctoral Fellow, Argonne National Laboratory (Argonne, IL)
Dr. Jianhui Wang, Computational Engineer, Argonne National Laboratory (Argonne, IL)
Dynamic Line Rating or DLR, which monitors the ambient environment to estimate the thermal rating of a transmission line, has been shown to be very effective in utilizing the capacity of transmission lines. However, as we estimate the thermal limit of transmission lines to a higher rating, the risk of rating errors must be thoroughly studied. In this work, we study the thermal overloading risk of DLR in short-term power system operations caused by rating forecast errors. Instead of examining the overloading risk on a single line as in existing research, we expand the study to evaluate the probability of overloading on multiple lines when applying DLR to congestion management. We propose a new distributionally robust optimization based congestion management model that selectively uses DLR to alleviate system congestion while keeping the overloading risk at the system level within a safe range.
REAL-TIME DYNAMIC PATH LIMIT COMPUTATION FOR MARKET EFFICIENCY AND GRID RELIABILITY
Dr. Nilanjan Ray Chaudhuri, Lead Engineer, GE Global Research (Niskayuna, NY)
Dr. Naresh Acharya, Senior Engineer, GE Global Research (Niskayuna, NY)
Dr. Chaitanya Baone, Lead Engineer, GE Global Research (Niskayuna, NY)
Dr. Santosh Veda, Lead Engineer, GE Global Research (Niskayuna, NY)
Historically, the operating limits of the transmission lines are determined based on off-line days to months ahead planning studies using time domain simulation which assumes worst case system conditions and contingencies. An additional margin of safety is added on top of the calculated limit to account for model inaccuracies. The state of the art in time domain simulation tool limits the application to planning horizon, e.g. a 30 second time domain simulation of WECC size system typically takes more than 10 minutes. 
Operating the transmission system with conservative margin (higher margin) will lead to inefficient utilization of scarce transmission resources. In todays deregulated electricity market, operating the transmission system with lower transfer limits means increased cost for system operation, reduced social welfare and increased congestion cost to the society. 
Emerging technologies including High Performance Computing and advanced solvers can be leveraged to enable the computation of the transfer at different time scale to improve market efficiency and grid reliability.  In this talk an approach with a capability to compute the transfer limit at various time scale based on market and reliability need (day-ahead, hour-ahead, real-time) is presented. The approach consists of various steps including Dynamic model reduction, Model Calibration, High performance computing based fast dynamic simulation, Dynamic Contingency Screening and Transfer limit computation.
IMPLEMENTATION OF DYNAMIC THERMAL RATINGS IN THE OPERATIONAL ENVIRONMENT
Dr. Kwok Cheung, R&D Director, Alstom Grid (Redmond, WA)
Dr. Hongxia Wu, Senior Power Systems Engineer, Alstom Grid (Redmond, WA)
Title: Implementation of dynamic thermal ratings in the operational environmentDynamic thermal ratings can optimize transmission operation by capturing unutilized line capacity while maintaining system reliability. Transmission lines and equipment can be operated reliably at higher loadings by means of monitoring weather and the equipment thermal states and by developing more accurate thermal models. This presentation reveals some salient features, functionalities and implementation details of this new EMS application of dynamic thermal rating (RTDYN).  
RTDYN is a real-time dynamic rating calculation application. It can be executed periodically or manually. The purpose of RTDYN is to calculate temperature dependent limits of individual components and branch limits for Ampere and MW measured values based on individual component restrictions on branches and real-time network topology. DTDYN is able to calculate limits based on equipment restrictions in branches. Branches include: lines, cables, series compensator, two winding transformers, and three-winding transformers with connected breakers and current transformers (CT). 
Experiences of different implementations of dynamic thermal rating in the United States and around the world are shared. The relationship between dynamic thermal rating and adaptive transmission rating will be discussed.
IDENTIFYING, MODELING AND UTILIZING THE HIDDEN CAPACITY IN THE TRANSMISSION NETWORK
Dr. Richard Tabors, President, Tabors Caramanis Rudkevich (Cambridge, MA)
Mr. Adam Rousselle, President, Utility Risk Management Corporation (New Hope, PA)
Dr. Aleksandr Rudkevich, President, Newton Energy Group (Newton, MA)
Mr. Michael Seelhof, Principal, Tabors Caramanis Rudkevich (New York, NY)
The object of this paper is to introduce, describe and provide a  case study and other data that demonstrate the impact on power systems modeling, analysis and operations of applying 3-dimensional measurement and analysis technologies to the thermal rating of high voltage transmission circuits.
Knowledge of the thermal determinant of transfer capability of high voltage lines is well known.  Conductor temperature as a dynamic variable in rating transmission is a core element in the IEEE 738 Guidelines for rating of overhead transmission lines (March 1st 2012).

Real time measurement and utilization of temperature as an integral part of line ratings for planning, forecasting and operations is not a part of standard utility practiced at present.  System operators traditionally rely on state information derived from original circuit design, now widely acknowledged to vary from the in-service state.  Adapting future systems analyses tools of transmission to incorporate the existence of real-time or near-real time ratings will allow for greater efficiency in capital utilization potentially reducing the need for incremental investment. 
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STOCHASTIC OPERATIONS TOOLKIT FOR POWER SYSTEMS WITH HIGH PENETRATION OF SOLAR ENERGY
Dr. Cesar Silva-Monroy, Senior Member of Technical Staff, Sandia National Laboratories (Albuquerque, NM)
Dr. Jean-Paul Watson, Distinguished Member of Technical Staff, Sandia National Laboratories (Albuquerque, NM)
Dr. Richard Chen, Senior Member of Technical Staff, Sandia National Laboratories (Livermore, CA)
Dr. Ali Pinar, Senior Member of Technical Staff, Sandia National Laboratories (Livermore, CA)
Dr. Francisco Muñoz, Postdoctoral Appointee, Sandia National Laboratories (Albuquerque, NM)
Mr. Andrew Mills, Principal Research Associate, Lawrence Berkeley National Laboratory (Berkeley, CA)
Stochastic Unit Commitment (UC) has the potential to reduce overall operating costs for utilities/ISOs. However, obstacles remain for its deployment. Cost reduction can vary depending on generation mix and renewable energy penetration levels, and numerous stakeholders are not familiar with stochastic optimization. Sandia and LBNL are developing a software toolkit that will allow stakeholders to familiarize themselves with stochastic UC while analyzing the pros and cons of adoption into their system with little effort. To achieve this, scenario generation and simulation modules are embedded in the toolkit. The first version of the toolkit will be focused on scenario generation for solar power plant output using non-parametric and parametric approaches. The non-parametric approach takes historical data of day-ahead solar power output forecast and actual values to create probability-weighted scenarios based on historical forecast errors. The parametric approach takes parameters such as solar power plant location and forecast accuracy to create synthetic time series of solar power plant output forecast and actual values. The simulation module will allow users to employ stochastic and deterministic UC decisions for simulating real-time operations as actual solar power plant output and load profiles are revealed. The toolkit will provide extensive reporting statistics, including real-time energy costs, unserved energy, and reserves deployed for use in utility cost-benefit analyses.
USE OF CLOUD COMPUTING IN POWER MARKET SIMULATIONS
Dr. Aleksandr Rudkevich, President, Newton Energy Group (Cambridge, MA)
Mr. John Goldis, Partner, Newton Energy Group (Cambridge, MA)
Dr. Richard Tabors, President, Tabors Caramanis Rudkevich (Cambridge, MA)
Ms. Lorna Omondi, Analyst, Tabors Caramanis Rudkevich (Cambridge, MA)
Power market simulators are software tools that replicate the logic and mathematical algorithms underlying actual market engines.  Unlike market engines that administer the on-going operation of the electrical grid, simulators are used to study future market outcomes by repeatedly solving similar decision problems over various time horizons.  These studies are highly valuable to market stakeholders who rely on them to make business and policy decisions.
The proposed presentation will demonstrate how cloud computing helps analysts to overcome major pain points associated with the use of power market simulators, such as efficiency of use, high scalability costs, long turn-around times for conducting studies, model adequacy, and availability, accessibility and security of input data and output results.  Through a case study of the New England market, this presentation will show how Newton Energy Group’s pCloudAnalytics modeling platform overcomes the pain points above. Special emphasis in the presentation will be placed on addressing common misunderstandings associated with data security concerns and the use of cloud computing. 
pCloudAnalytics is developed on top of Amazon Web Services (AWS) in partnership with Polaris Systems Optimization, AIMMS and Gurobi (http://www.newton-energy.com/pcloudanalytics).
FACILITATING APPROPRIATE COMPENSATION OF ELECTRIC ENERGY AND RESERVE THROUGH STANDARDIZED CONTRACTS
Dr. Leigh Tesfatsion, Professor, Iowa State University (Ames, IA)
Mr. Deung-Yong Heo, PhD Student, Iowa State University (Ames, IA)
The current design of electricity markets makes it difficult to ensure appropriate compensation for many important load-balancing services, such as flexibility in power start times, ramp rates, and durations. To address this problem, a recent Sandia National Laboratories report recommends that contracts for energy and reserve be standardized, and that their trade be supported by a sequence of linked forward markets with planning horizons ranging from years to minutes ahead of each operating point.  This study examines the possibility of implementing these recommendations.  Specific forms are proposed for energy and reserve products as standardized firm and option contracts with swing (flexibility) in their contractual terms.  It is then shown, through concrete examples, how the trading of these contracts can be supported by day-ahead and real-time markets in a manner that permits efficient real-time load balancing subject to system constraints and reserve requirements.
CLEARING THE JUNGLE OF STOCHASTIC OPTIMIZATION FOR HANDLING UNCERTAINTY IN THE UNIT COMMITMENT PROBLEM
Warren B. Powell, Princeton University (Princeton, NJ)
Hugo P. Simao, Princeton University (Princeton, NJ)
There has been considerable attention in recent years devoted to the problem of solving the stochastic unit commitment problem that arises when scheduling energy generation in the presence of high penetrations of renewables.  This research, which currently exists almost exclusively in national laboratories and academic research groups, has focused on a construct known as scenario trees for capturing uncertainty in unit commitment models.  This approach ignores the fact that there are actually four classes of policies that are widely used in stochastic optimization: 1) policy function approximations (PFAs), 2) robust cost function approximations (CFAs), 3) policies based on value function approximations (VFAs), and 4) lookahead policies.  Lookahead policies depend on solving an approximation of the future known as a lookahead model, which may be deterministic (the approach used by all ISOs), or stochastic (using scenario trees).  In practice, ISOs are using hybrid lookahead model (which optimizes over a finite horizon) with a cost function approximation (where the model is modified to produce robust solutions), along with imbedded policy function approximations (such as a rule to pump water uphill at night, and downhill during the day).  Lookahead cost function approximations, especially when combined with PFAs (rules) and VFAs (capturing the value of being in a particular state), are practical (ISOs solve them today), and can be made robust by tuning them in a stochastic base model.  In this talk, we will demonstrate how this hybrid strategy, which is relatively close to what ISOs are doing now, can produce robust policies in the presence of high levels of uncertainty due to renewables.  We will also highlight the limitations of scenario trees when modeling renewables for PJM.
Session W2-A (Wednesday, June 25, 11:15 AM, Meeting Room 3M-2)
CONCENTRIC RELAXATIONS AND TRANSMISSION SWITCHING
Dr. Jim Ostrowski, Assistant Professor, University of Tennessee (Knoxville, TN)
Mr. Mike Hare, Graduate Student, University of Tennessee (Knoxville, TN)
Dr. Jianhui Wang, Computational Engineer - Energy Systems, Argonne National Laboratory (Argonne, IL)
Transmission switching provides an effective way to reduce operating costs in power systems operations by altering the topology of the transmission network. However, determining the optimal set of lines to switch creates an enormous computational burden. Transmission switching formulations add binary decision
variables for all transmission lines in the system to indicate if they are switched. Considering the impact of switching every line in the transmission  network is too difficult. In this presentation, concentric relaxations are used to limit the search space. Concentric relaxations were originally developed to study the effects of
contingencies in power systems. The underlying idea is that if a line fails, the effects of that failure will only be felt locally, not on lines hundreds of miles away. Applying this intuition to transmission switching means that only lines that are nearby highly congested areas need to be considered when determining which lines to switch. This can dramatically reduce the size of the search space.
PROBABILISTIC SECURITY ANALYSIS OF OPTIMAL TRANSMISSION SWITCHING
Dr. Daniel Kirschen, Close Professor of Electrical Engineering, University of Washington (Seattle, WA)
Dr. Pierre Henneaux, Researcher, University of Washington (Seattle, WA)
Optimal Transmission Switching (OTS) optimizes simultaneously the generation dispatch and the transmission topology. It has been shown that taking some transmission lines out of service can significantly reduce the operating cost of the system while maintaining a deterministic measure of operational reliability (N-1 security). However, it has not yet been demonstrated that modifying the topology does not affect probabilistic security metrics. The security of a power system can be expressed as a cost by multiplying the expected energy not served by the value of lost load. This presentation will thus study the possibility of keeping a positive economic balance with OTS while considering both the cost of generation and the expected cost of disruptions in the supply. This will be done in two steps: the computation of a N-1 secure OTS and then the calculation of a probabilistic security estimate of the OTS solution. We will show that OTS entails a significant degradation of probabilistic measures of security and that it is not obvious that it is possible to keep a positive economic balance.
Session W2-B (Wednesday, June 25, 11:15 AM, Meeting Room 3M-3)
EXPERIENCE SOLVING THE RTO UNIT COMMITMENT TEST SYSTEM
Dr. Stephen Elbert, Manager, Pacific Northwest National Laboratory (Richland, WA)
Dr. Kurt Glaesemann, Senior Research Scientist, Pacific Northwest National Laboratory (Richland, WA)
The use of Parallel Adaptive Dynamical System (PADS), an LP solver with outstanding performance when solving large Financial Transmission Rights optimization problems, is explored in solving the RTO Unit Commitment Test System. To accomplish this, PADS needs to be accessible as the LP component inside a MIP solver, preferably one available through GAMS. The SCIP Optimization Suite was chosen for this purpose. The challenge of getting these disparate components to work in concert is reported.
STOCHASTIC LOOK-AHEAD DISPATCH WITH INTERMITTENT RENEWABLE GENERATION VIA PROGRESSIVE HEDGING AND L-SHAPED METHOD
Mr. Yingzhong (Gary) Gu, Research Assistant, Texas A&M University (College Station, TX)
Dr. Le Xie, Professor, Texas A&M University (College Station, TX)
Due to the continuous growth in renewable penetration, the increasing complexity in managing operational uncertainty in near-real-time may not be fulfilled by deterministic dispatch. Starting from our earlier work on look-ahead dispatch, we explore the benefits and implementation feasibility of stochastic real-time look-ahead dispatch. In order to implement a large scale stochastic programming for real-time operation, an innovative parallel computing algorithm is developed. The algorithm has a hybrid architecture of progressive hedging and L-shaped method, which can reduce the original problem’s size significantly and solve the problem efficiently. Theoretical studies on the computational complexity are performed. Numerical experiments of a modified IEEE RTS 24 bus system as well as a practical 5889 bus system are conducted to illustrate the effectiveness and efficiency of this proposed algorithm.
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