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Executive Summary

Parts of an interconnected power system are often managed by different independent system
operators (ISOs). Each ISO operates wholesale electricity markets within its footprint (henceforth
called an area). This project focuses on coordination mechanisms to increase the benefits of
interchange among the players in wholesale markets of multiple areas that are connected via tie
lines. Specifically, this final report analyzes the existing coordination mechanisms, offers
algorithmic innovations to enable such mechanisms, and suggests systematic modifications to
improve these mechanisms.

Why is coordination among areas important? Tie lines that interconnect different areas often have
adequate transfer capabilities to cover a significant portion of the electricity demand in each area.
However, tie lines are often underutilized or not used in an economically efficient manner. Power
flows scheduled over tie lines often occur from an area with higher prices to an area with lower
prices. Also, tie line schedules often fail to eliminate price differences between border buses of
interconnected areas. Such schedules lead to large economic losses. For example, losses due to
lack of coordination between ISO-NE and NYISO have been estimated to be $784 million from
2006 to 2010, according to White and Pike in their 2011 report. Effective coordination among
ISOs may lead to significant cost savings. Indeed, the final report of this project provides
significant tools to allow ISOs to meet such goals.

Clearly, these inefficiencies in tie-line scheduling can be largely eliminated by the integration of
market operations in different areas. However, such a fusion remains untenable in the near future,
given the significant regulatory and legal structures of the wholesale markets that have separately
developed in the different areas over more than two decades. Absent the possibility of an integrated
market, the burden falls on coordination mechanisms to remove, or at least, minimize economic
inefficiencies in scheduling power flows over tie lines. This project proposes schemes to improve
coordination based on the insights obtained from the economic analysis of the main causes of
inefficiencies and prescribes methods to efficiently overcome these limitations.

ISOs and market monitors have long recognized the need for comprehensive restructuring of tie-
line scheduling processes. Early research efforts sought algorithmic frameworks that allow 1ISOs
of interconnected neighboring areas to compute a tie-line schedule that forms a part of a jointly
optimal dispatch in a distributed fashion. The distributed nature of the algorithm seeks to obtain
convergence to a jointly optimal dispatch in an iterative fashion without necessarily sharing all
information from one area with the other. These efforts under the title of “Tie Optimization” (TO),
however, were never realized in practice. Such a mechanism was perceived as one ISO taking a
financial position in the other’s markets, running counter to the financial neutrality of the ISOs.
Such a mechanism also defined too far a departure from the earlier market-based, albeit inefficient,
mechanism to determine tie-line flows. Multiple pairs of ISOs ultimately adopted a different
market-based mechanism called “Coordinated Transaction Scheduling” (CTS) that even received
approval by FERC. This project analyzes the main sources of inefficiencies in CTS, suggests both
market innovations and algorithmic tools to tackle these inefficiencies. Specifically, the research
identifies inefficiencies due to limited trading locations for CTS, market liquidity and strategic
interaction of market participants, as well as those emanating from the sources of uncertainty in
demand and supply conditions at the time of scheduling.



This report includes the results of efforts in three distinct thrusts:

A. Game-theoretic analysis of CTS markets—equilibrium and learning. The CTS mechanism
involves market participants that compete to transport power from one area to the other. The
obligation on the bidders is purely financial in that they are not responsible for the physical delivery
of power, even though their bids define the tie-line schedule and they are paid based on the realized
price spread between the proxy buses of neighboring areas. Naturally, the efficiency of the CTS
market critically depends on the strategic interaction among the market participants. This work
analyzes how the strategic incentives of market participants may be aligned with market efficiency.
The analysis reveals several important insights. First, lack of liquidity has a strong impact on CTS
market efficiency. Second, ISOs’ forecasts of realized price spread play a key role in the CTS
market outcomes. CTS bidders have some ability to correct systematic forecast errors by 1SOs, but
the quality of the forecasts largely dictates the outcomes. Third, transaction fees negatively impact
CTS market outcome and can further hamper liquidity of the CTS market over the long run. The
results from the game theoretic analysis are corroborated by simulation results obtained under the
condition that bidders learn to bid in a realistic market environment.

B. Algorithms for tie-line scheduling under uncertainty. Tie-line schedules are always determined
with a lead-time to power delivery, leading to uncertainty in demand and supply conditions during
the scheduling process. This work develops a distributed solution architecture for robust tie-line
scheduling. The technique draws on multi-parametric linear programming and defines an
algorithmic framework to solve large distributed linear programs applicable to tie-line scheduling.
The algorithm converges to an optimal tie-line schedule within a few iterations and does not
require 1SOs to reveal their sensitive information on the dispatch cost structures, the network
constraints or the nature of their uncertainty sets to arrive at the optimal solution.

C. Generalized CTS market design to tackle limited trading locations. The CTS mechanism in
practice allows bidders to trade power only between two “proxy” bus locations within neighboring
areas. As a result, this mechanism does not accurately reflect the physics of the power flows over
multiple tie-lines that may exist between two areas. A similar problem arises when three areas are
interconnected via tie-lines. To overcome this so-called “loop flow” phenomenon in tie-line
scheduling, an easy-to-implement modification of the CTS mechanism is proposed that allows
CTS market participants to offer the delivery of power from any border bus in one area to any
border bus in a neighboring interconnected area. When the CTS market has a sufficiently large
number of bidders, the proposed mechanism is shown to completely correct the loop flow issue.
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