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Executive Summary 
 

This project is motivated by the growing integration of utility-scale and distributed energy storage 
resources in both transmission and distribution systems. As US Federal Energy Regulatory 
Commission (FERC) Orders No. 841 and No. 2222 request all the US system operators to 
completely open their energy and ancillary services markets to both utility-scale and retail-scale 
(distributed) energy storage resources, these energy storage resources bring in various challenges 
to the wholesale market operation and participation. This research focuses on three core areas: 1) 
understanding market participation activities of utility-scale batteries in the wholesale energy, 
reserve, and regulation markets; 2) data-driven day-ahead and real-time price forecasting 
approaches for profit-seeking utility-scale batteries and aggregators of distributed batteries; and 3) 
the distribution system operator (DSO) framework for coordinating market participation activities 
of distributed batteries and other distributed resources. The research is presented in six chapters 
(Chapters 2-7). 
 
Chapters 2-3 present a comprehensive modeling framework for studying various market 
participation activities and operating patterns of utility-scale batteries in the energy and ancillary 
services markets, with detailed consideration of batteries’ regulation market participation models 
and degradation cost models. Analysis on the impact of battery degradation on market participation 
strategies of utility-scale batteries is presented in Chapter 3. 
 
Chapter 4 describes a framework for integrating BESSs in the wholesale and retail electricity 
markets and presents a case study on the integration of BESSs and virtual bidding on the decision-
making model of an electricity retailer through a two-stage stochastic optimization framework. 
 
Chapter 5-6 propose data-driven price forecasting approaches with improved forecasting accuracy, 
for profit-seeking battery owners and aggregators to forecast system-wide day-ahead and real- time 
locational marginal prices using public market data. The proposed approaches are built upon 
generative adversarial networks and convolutional long short-term memory networks which 
capture the spatio-temporal correlations among system-wide energy market data. 
 
Chapter 7 presents a DSO framework to optimally coordinate the aggregators of various distributed 
resources for their wholesale market participation while operating the retail market, considering 
three-phase unbalanced distribution system operating constraints, as well as coordinated market 
clearing mechanisms between the balanced wholesale and unbalanced retail markets. 
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