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The Financial Marketers Coalition1 (“Coalition”) appreciates the opportunity to comment 
on the California Independent System Operator’s (“CAISO”) April 18, 2017 CRR Market 
Auction Efficiency Working Group.  The Financial Marketers strongly oppose the CAISO 
Division of Market Monitoring’s (“DMM”) proposal to modify the CRR auction into a market 
based on bids submitted by entities willing to buy or sell CRRs, and encourages CAISO to 
perform the additional analysis suggested by Dr. Scott Harvey and other market participants 
before proceeding with any stakeholder process regarding this proposal. 

1. Proposed Changes to CRR Auction Process  

CAISO DMM’s proposal seeks to modify the CRR auction into a market based on bids 
submitted by entities willing to buy or sell CRRs.  As noted in its November, 2016 comments, 
the Coalition is concerned that the proposal to no longer auction off CRRs and move to a bid 
system contingent on a sufficient number of transmission revenue rights will significantly 
decrease the number of CRRs available, thereby leading to decreased market efficiency and 
limiting the benefits of forward contracting in a competitive electricity market. 

In its November 2016 whitepaper, the DMM claimed that ratepayers have lost $520 
million from 2012 to 2015, because for every $1 paid in the CRR auction, ratepayers only 
received $0.46 in revenue.2  The DMM has asserted that CRR profitability is the sole metric in 
measuring auction performance, specifically stating that “ratepayer gains or losses from the 
auction is the appropriate metric for assessing the congestion revenue right auction.”3  Both 

                                                 
1 The Financial Marketers Coalition is an industry trade group made up of independent power 
marketing companies that trade electricity at wholesale in all of the organized ISO and RTO 
markets.  The Coalition is an active participant in many ISO/RTO stakeholder proceedings as 
well as in proceedings before the Federal Energy Regulatory Commission.  Many of the 
Coalition members currently trade in the CAISO market, or are interested in doing so.  
2 CAISO DMM, Shortcomings in the congestion revenue right auction design at 2, 8 10 (Nov. 
28. 2016), available at https://www.caiso.com/Documents/DMM-WhitePaper-Shortcomings-
CongestionRevenueRightAuctionDesign.pdf  
3 2016 Second Quarter Report on Market Issues and Performance at 52. 
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CAISO’s DMM and PJM’s Market Monitor have argued that the purpose of the ARR/FTR 
construct is to return congestion revenue to load, a notion that has been unequivocally rejected 
by the Federal Energy Regulatory Commission (“Commission”).  In response to the PJM Market 
Monitor’s arguments, the Commission stated: 

We reject the arguments that the sole purpose of FTRs is to return congestion 
revenue to load and the market should therefore be redesigned to accomplish that 
directive.  FTRs were designed to serve as the financial equivalent of firm 
transmission service and play a key role in ensuring open access to firm 
transmission service by providing a congestion hedging function.4 

This rejection should send a signal to CAISO that the Commission does not agree with the 
concept of FTRs/CRRs being used solely as a tool for load and load-serving entities.  The 
Commission’s finding should inform CAISO’s valuation, demonstrating that CAISO must take a 
broader approach to valuation beyond the narrow, Commission-rejected approach championed 
by the DMM.   

2. CRR Valuation Methodology 

The purpose of FTRs and CRRs is to provide a hedge against day-ahead congestion for 
use by all market participants.5  The benefits of forward contracting in efficient electric markets 
has been studied at length by Professor William Hogan of Harvard University.  Dr. Hogan 
emphasizes that an important feature of successful electricity market design is the necessity to 
separate the financial role of contracts used to allocate risk and the physical operation of the 
system.  Dr. Hogan further explains that simply finding ways to refund congestion rents without 
the use of FTRs, or by changing the fundamental structure of the product, would unravel a key 
component of long-term contracting:  

The FTR provides a critical piece in the elements of a workable and efficient 
electricity market design under the principles of open access and non-
discrimination.  The core contribution is in providing a substitute for the 
congestion hedges of the unavailable physical transmission rights.  The existence 
of FTRs creates the opportunity to replicate many other features of efficient 
markets with an array of forward contracts and hedging instruments. 

* * *  

The FTR is the long-term right that is settled each day in the day-ahead market.  
The day-ahead virtual transaction is the short-term right that can be used to 
continue this hedge to real-time to hedge the difference in real-time locational 
prices. The intimate connection between FTRs and day-ahead market transactions 

                                                 
4 PJM Interconnection, LLC, 158 FERC ¶ 61,093 at P 27 (2017).  
5 PJM Interconnection, L.L.C., 156 FERC ¶ 61,180 at P 94 (2016) (“The value of an FTR is 
determined by day-ahead energy market prices that reflect day-ahead congestion costs.  The FTR 
can serve as a hedge against day-ahead congestion.”) 



{W6138657.2} 3 
 

is an essential part of efficient and workable electricity market design.6 

The auction process is a key element of the CRR model, and the transition to a bilateral 
market would eviscerate liquidity and decrease market transparency.  Hedging congestion in the 
over-the-counter/bilateral markets will be far more expensive and less efficient.  In particular, 
this is true due to the lack of liquid hubs in the over-the-counter/bilateral market.  As noted by 
Appian Way at the workshop, while NP15 and SP15 are liquid, all other locations are illiquid.  
This approach will not reduce costs for ultimate consumers – if anything, it may result in higher 
costs as entities needing to hedge transmission costs spend more to do so.  

During the February 2017 Market Surveillance Committee meeting, Dr. Scott Harvey 
presented on CRR valuation, focusing on the different roles and functions those products may 
perform to different market participants, as well as the need for different valuation approaches 
based on those roles and functions.  The Coalition strongly supports Dr. Harvey’s positions.  In 
his presentation, Dr. Harvey demonstrated that the CRR auction construct provides market 
participants with the option of using CRRs either as a hedge for other positions or as a stand-
alone product.  As a hedge, CRRs should be priced at slightly more than the expected payments 
to the CRR holder.  This valuation takes into account the time value of money and other costs 
imposed on the holder.  When not used as a hedge, CRRs should be priced with a discount 
reflecting risk.  This valuation provides a return for holding the CRR and its associated risk, with 
the auction price reflecting a discount to the expected day-ahead market pay out.  To incentivize 
market participants to hold negatively priced, counter-flow CRRs, those CRRs should be priced 
so that the auction price exceeds the expected day-ahead market congestion charges. 

Dr. Harvey notes that the impact of the variability and unpredictability of day-ahead 
market payouts on the relationship between auction prices and day-ahead market payouts can 
only be accounted for by examining the relationship over a sufficiently long period of time.  
Basing a comparison on monthly or seasonal auction prices minimizes the impact of the time 
value of money costs on auction prices and increases the number of independent data points, 
thereby skewing the analysis.  Dr. Harvey suggests that CAISO perform an analysis into why 
load serving entities are not using the CRR as a hedging instrument and whether the presence of 
regulatory risks are preventing load serving entities from acquiring CRRs in auctions.  The 
analysis should also ascertain whether certain constraints could be the source of low auction 
revenues relative to day-ahead market payouts.  Dr. Harvey encourages CAISO to investigate 
whether high day-ahead market payouts might be related to differences in loss modeling between 
the auction and the day-ahead market.  As Dr. Harvey points out, there may be external factors 
impacting the profitability of the CRR auction.  Basing the CRR auction success on profitability 
and the return of all congestion revenues to load is a short-sighted and inaccurate measure of the 
complexity of the CRR auction process and its multiple uses for market participants. 

The Coalition strongly supports Dr. Harvey’s suggestions for continued analysis into the 
CRR auction process, and strongly encourages CAISO to undertake all aspects of the suggested 
analysis before rushing to fundamentally change the CRR acquisition process.  We also strongly 
recommend a broader study period, beyond the 2012-2015 period used by the DMM.  During 
                                                 
6 Hogan, Dr. William W., Virtual Bidding and Electricity Market Design, 29 Elec. J. 33 at 36, 37 
(May 25, 2016), attached hereto. 
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2012-2015, California experienced a significant drought, possibly the worst in its history,7 which 
had significant impacts on energy prices and volatility.  Specifically, day-ahead constraint 
shadow pricing will differ during drought years versus non-drought.  

3. Other Inputs Must Be Considered 

During the workshop, several market participants brought up elements impacting pricing 
and valuation of CRRs which must be considered.  DC Energy particularly highlighted three 
issues which the Coalition believes must be addressed:  

• The impact of late-scheduled outages;  
• Lack of advance notification for CAISO-initiated nomograms; and  
• Lack of consistency in modeling between the CRR and IFM markets.  

Resolution or mitigation of these issues would help diminish their impacts on CRR pricing 
volatility.  Financial market participants have raised concerns regarding the use of different 
models between different CAISO markets in other contexts.8  As explained during the workshop, 
similar problems arise when using different models between the CRR auction and the IFM.  
CAISO should study the impacts of such model differences, as suggested by several market 
participants including Appian Way, including determining which constraints are or are not 
modeled differently in the CRR auction, and how much CRR profitability arises from those 
differences.  Further, the Coalition notes that while DC Energy highlighted the crosstrip 
nomogram in late 2016, that is not the only example of CAISO-initiated nomograms causing 
issues.  Another example occurred in 2012, with the sce_pct nomogram.   

 Generally, as pointed out by the Western Power Trading Forum (“WPTF”) and Vitol, the 
totality of benefits arising from, and associated with, CRRs must be considered.  The DMM’s 
narrow analysis does not take these into consideration.  The Coalition supports the presentations 
by Vitol, WPTF and DC Energy in this regard.  The Coalition also highlights and supports 
Vitol’s comments on (financial) open access:  through the CRR auction process, entities have 
open access to CRRs, allowing the highest bidder – the entity which values the rights the most – 
to obtain those rights.  Through the bilateral market proposed by the DMM, this (financial) open 
access would be eviscerated, representing a step away from FERC’s broad open access policies.  

 Finally, the Coalition supports the comments by DC Energy and Vitol regarding the 
importance of transparency, both from the perspective of data available to market participants 
participating in the CRR auction process, and the data that the CRR auction process itself 
provides to market participants and the ISO.  Overall, elimination of the CRR auction process 

                                                 
7 See, e.g., Los Angeles Daily News, Study: California Drought of 2012-2014 Is the Worst In 
1,200 Years (Dec. 7, 2014), available at http://www.dailynews.com/general-
news/20141207/study-california-drought-the-worst-in-1200-years  
8 See, e.g., Calif. Indep. System Operator Corp., Motion to Intervene and Protest of SESCO 
Enterprises, Inc. at 5-8, Docket No. ER14-480-000 (filed May 12, 2014) (highlighting 
divergence issues arising from use of 15 minute market for some products and 5 minute market 
for others).  

http://www.dailynews.com/general-news/20141207/study-california-drought-the-worst-in-1200-years
http://www.dailynews.com/general-news/20141207/study-california-drought-the-worst-in-1200-years
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would be a step backwards in many ways, including with regards to transparency, liquidity and 
open access.  

If you have further questions or would like to discuss these comments, please do not hesitate to 
contact Ruta Kalvaitis Skučas at (202) 530-6428 or RSkucas@pierceatwood.com, or Maeve 
Tibbetts at (202) 530-6435 or MTibbetts@pierceatwood.com. 

Dated: May 2, 2017.  

Attachment:  Hogan, Dr. William W., Virtual Bidding and Electricity Market Design, 29 Elec. J. 
33 at 36, 37 (May 25, 2016).  
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Efficient electricity day-ahead market designs include virtual transactions. These are financial contracts
awarded at day-ahead prices and settled at real-time prices. Under current PJM market rules, there is an
asymmetry in the settlement treatment of different types of virtual transactions, but a recent
recommendation by PJM to eliminate this asymmetry is problematical.
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1. Introduction

Efficient electricity day-ahead market designs include virtual
transactions. In particular, in markets with a multi-settlement
system including a day-ahead and a real-time market, day-ahead
transactions can clear bids and offers that are strictly financial and
are not intended for physical fulfillment in real time. These day-
ahead financial transactions are settled against real-time prices in
the same manner as other day-ahead market transactions. A recent
PJM study reviewed the operation of its energy market, discussed
the role of virtual transactions, and offered recommendations on
proposed rule changes that would affect the scope and treatment
of virtual transaction participation in their day-ahead market (PJM,
2015). The purpose of the present article is to comment on this PJM
analysis and set of recommendations.

A full analysis of the impacts of virtual bids must immediately
consider and model outcomes in an electricity market with
uncertainty. Assessing the costs and benefits of virtual transaction
on electricity market outcomes with even an approximation of the
complications induced by realistic unit commitment and dispatch,
e.g., taking into account uncertainty about the level of real-time
load and resource availability, would be difficult. The PJM report
does not attempt such an analysis, but argues primarily from
examples that pertain to a context without uncertainty. There are
important features of the implicit assumptions in the PJM analysis
that affect the conclusions about the costs and benefits of virtual
E-mail address: william_hogan@harvard.edu (W.W. Hogan).

http://dx.doi.org/10.1016/j.tej.2016.05.009
1040-6190/ã 2016 Elsevier Inc. All rights reserved.
bidding, and the introduction of reasonable and realistic changes to
these assumptions would lead in a different direction than PJM in
specifying recommendations.

2. PJM analysis overview

The PJM analysis presents background context and provides
discussion and analysis of many of the issues surrounding virtual
bidding. The context can be alarming, as in the consideration of
possibilities of market manipulation, where PJM raises the specter
of “ . . . perhaps going so far as to eliminate outright virtual trading
in RTO markets” (PJM, 2015, p. 9). However, although PJM notes the
concerns about market manipulation, the PJM analysis neither
takes a position on this matter nor pursues explicitly the how and
the where of possible market manipulation. Essentially, market
manipulation is treated as a separate topic and while presented as
context is not afforded material discussion or analysis.

The focus of the PJM analysis is narrower and addresses the
efficiency effects and benefits of virtual trading assuming that
market participants are simply responding to market signals
without an attempt to manipulate those signals. This aspect of the
PJM analysis is generally supportive of the impacts of virtual
bidding. The discussion and examples in the analysis illuminate the
issues and are instructive in expanding our understanding of the
many dimensions of the benefits, and costs, of virtual bidding.

Broadening the discussion of virtual bidding requires more
background about the context of electricity market design. The
review below summarizes the critical and relevant engineering-
economic elements of efficient electricity market design, short-

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tej.2016.05.009&domain=pdf
mailto:william_hogan@harvard.edu
http://dx.doi.org/10.1016/j.tej.2016.05.009
http://dx.doi.org/10.1016/j.tej.2016.05.009
http://www.sciencedirect.com/science/journal/10406190
www.elsevier.com/locate/electr


34 W.W. Hogan / The Electricity Journal 29 (2016) 33–47
term electricity system operations, and long-term contracts, and
their relationship to the use of virtual transactions in electricity
markets.1 The interconnections among these topics have implica-
tions for the evaluation of recommended changes in the treatment
of virtual transactions. The main conclusions are that the PJM
recommendations are in certain cases inconsistent with the
broader principles of efficient market design, and in other cases
there is no direct connection between the PJM analysis and its
recommendations. Both the scope of PJM’s analysis and the
breadth of its recommendations should be expanded.

3. Electricity market design

The special characteristics of the electrical transmission
network create strong instantaneous interactions in how power
flows between and among generators injecting energy into the grid
and loads withdrawing energy. Dealing with these interactions
induces related interactions in the elements of electricity market
design. Although the structure and interconnections may be
familiar, it is often helpful to go back to the basics to understand
how the pieces fit together. Forgetting the details of the larger
context linking the market design economics to engineering
principles can result in analyses and recommendations that can
neglect the requirements of efficient electricity market design and
recreate problems already solved. A relevant case in point appears
in recommendations for undoing financial transmission rights in
PJM (see Monitoring Analytics, 2016), therein ignoring the long
history of the fundamental transmission problem they were
intended to solve (Hogan, 1992, 2002a; Pope, 2016).

The central idea of efficient electricity market design is to
recognize the critical engineering characteristics of the power
system, operate that power system efficiently, and utilize prices
and associated incentives that are consistent with and motivate
efficient operation.

The distinctive critical characteristics of the power system are
the lack of adequate storage, meaning that most power must be
generated contemporaneously with its use, and limits on whether
and how system operators can adjust which transmission lines
power flows on as it moves through the grid (parallel flows). Due to
the lack of adequate storage, the speed of power flows, and
response of other engineering elements of the system, system
operators need to maintain essentially instantaneous balance, i.e.,
equivalence, of generation and load. This balance between
generation and load occurs as power flows on the grid along
every parallel path between supply sources and load sinks in
quantities determined by the engineering ratings of each specific
transmission line, among other things, rather than through a
system where the pattern of the flows can be controlled by valves
and pipes. In effect, therefore, the use of the transmission grid, in
terms of power flows on transmission lines, is determined by the
distribution of load across the system and the dispatch of supply at
different locations by the system operator. In every interconnected
grid, a system operator is required to control the dispatch in order
to control the flows on the grid within security limits.

These are not new challenges, and are familiar to power
engineers who have well-developed techniques and tools for
economic dispatch to coordinate and control flows on the
transmission system to maintain reliability. In choosing the
generation dispatch to supply load within the limits of power
flow constraints, there is still a great deal of flexibility, so some
criterion needs to be applied. The natural approach for choosing
among alternative feasible dispatches is to minimize the costs or
maximize the net benefits of the electricity system operation. The
1 This is an updated and expanded version of (Hogan, 2012).
term of art is to choose the “economic dispatch” to meet the load at
the least cost subject to the security (i.e., reliability) constraints of
the electricity system.

An efficient design for real-time markets should address the
special challenges of electricity system operation and support the
intended economic outcomes by providing a spot market basis for
development of and reliance on forward contracts. The essence of
the successful electricity market design in PJM and elsewhere was
to organize the real-time spot market around the principles of bid-
based, security-constrained, economic dispatch with the associat-
ed locational prices (Hogan, 1992). Under this market system,
market participants are able to buy, sell, and trade electricity
through a non-discriminatory organized spot market. Settlement
prices are the real-time locational prices. Charges for transmission
service between locations are settled at the difference in the
locational prices for the injection and withdrawal. The real-time
locational prices can be volatile, but forward contracts allow
market participants to hedge the real-time prices.

Applying security-constrained economic dispatch is a well-
developed practice in power systems. It developed using
engineering estimates of the operating costs of generation. The
adaptation to markets was to replace the engineering cost
estimates with the bids and offers of the market participants.
With this change in the inputs, the form of the economic dispatch
remained otherwise unchanged.

The second innovation of markets was to apply consistent
prices to the purchases and sales determined in the economic
dispatch. A by-product when determining the economic dispatch
is the calculation of the marginal costs of incremental power at
each location. Following the usual definition of competitive
markets, these marginal costs define the market-clearing prices
associated with the economic dispatch. Under reasonable simpli-
fying assumptions about the nature of the dispatch, taking these
prices as given the generators and loads would have no incentive to
deviate from the dispatch.2 These spot prices are known in the PJM
system as locational marginal prices (LMP) (Schweppe et al., 1988).

Using any other materially different pricing system would by
construction create a fundamental inconsistency with the market
quantities determined in the economic dispatch. Because of this
inconsistency, implementation of a pricing system other than LMP
would require surrendering the benefits of efficient dispatch,
restricting open access, or abandoning the principle of non-
discrimination, or all of the above. There is no other pricing system
that is compatible with economic dispatch, open access, and non-
discrimination. Therefore, the centerpiece of successful market
design is bid-based, security-constrained, economic dispatch with
locational marginal prices.

4. Electricity market design and forward contracts

Electricity production is capital intensive. Furthermore, the cost
structure implies that short-run system marginal costs and the
associated prices will be volatile. This creates an interest in forward
contracts to allocate the ubiquitous risks in the industry. Both
customers and producers see forward contracts as inherently
useful. Customers are interested in forward contracts of a variety of
forms to manage the risks associated with future purchases of
energy. Similarly, producers are interested in forward contracts to
manage the complementary risks created by high investment in
generating assets to be repaid through an otherwise uncertain
stream of revenue.
2 The principal simplifying assumption employed is convexity of the cost
function. More generally, the market clearing prices depend on the absence of a
duality gap (Gribik et al., 2007).



3 Here we address the usual FTRS defined for congestion differences, ignoring
losses. The definition of FTRs includes possible treatment as obligations or options.
In the case of obligations the holder of the FTR receives payment when the
difference in congestion costs is positive and makes a payment when the difference
in negative. Under the FTR option, the case of negative difference in congestion costs
does not require a payment. The mix of options and obligations affects the
simultaneous feasibility of FTRs. But for the present discussion the differences are
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In the traditional regulated industry, most of the management of
risk between consumers and producers was handled through
vertical integration of regulated utilities. Contracts played an
important role, particularly for smaller companies and municipal-
ities that were not able to diversify their supply through vertical
integration, but forward contracts were a supplement rather than
the main instruments for risk allocation.

Electricity restructuring, especially that which involved sepa-
ration of generation, transmission, and load, changed the business
environment and created a much greater emphasis on the
importance of forward contracts as the means for addressing
the risk allocation that had been inherent in vertical integration. In
addition, electricity restructuring was expected to expand the
richness and diversity of contract forms and agents, giving rise to a
much greater role for intermediaries that would trade in forward
contracts that were essentially financial instruments that need not
be created or held to match any particular physical transaction
(Hogan, 2002a).

Early discussion of electricity restructuring in the 1980s
emphasized the importance of forward contracting and markets
without describing a coherent framework to meet this need
(Joskow and Schmalensee, 1983). The argument was that markets
and contracts could play a critical role, but the challenge was to
provide a workable framework for access to the transmission
system in order to support these markets.

4.1. Contracts for difference

An important feature of successful electricity market design is
the necessity to separate the financial role of contracts used to
allocate risk and the physical operation of the system. It is difficult
to impossible to rely on forward contracts to govern short-term
physical operations and electricity dispatch because of the strong
interactions in physical power flows on the transmission grid. An
essential feature of successful market design is to enable
separation of the dispatch from the contracts, meaning that the
system operator does not need to know about the contracts or use
any information embedded in those contracts to operate the
electricity system. As a result, all forward contracts in electricity
systems with organized markets are essentially financial contracts
within the organized markets used to reallocate the financial risk
of physical system operations. Scheduled transactions between
organized markets can require decisions with lead times of an
hour, after which the essential financial nature of the forward
contract is replaced by a short term schedule with a closer
connection to physical dispatch.

The basic forward contracts in electricity markets include a
number of simple building blocks. For example, a simplified
contract for difference at a location would specify a fixed quantity
for receipt by a load and delivery by a generator, say for 100 MW in
real time at the location of the load. The actual physical transaction
would be through the real-time spot market. The load would
purchase 100 MW through the spot market. The generator would
sell 100 MW through the spot market. The contract for difference
would require payment of the difference between the contract
price and the real-time spot price by the load to the generator (or
paid by the generator to the load if the difference is negative). The
net result is for delivery of 100 MW from the generator to the load
at the contract price. The contract for difference formulation
provides a building block facilitating many additional types of
transactions. For example, if the load or the generator deviates
from the 100 MW contract quantity, the quantity difference is in
effect sold to or purchased from the spot market. The system
operator is not involved, nor even aware of the imbalance on the
contract, which is simply a financial arrangement.
A variant of the contract for difference is the option, where the
spot payment is made only in the event of the choice by the party
that has acquired the option right. In combination, contracts for
difference and options provide the raw material for market
participants to craft an almost unlimited range of alternatives for
structuring the allocation of short-term energy price risk through
forward contracts. Using the real-time spot market prices as the
basis for settlements, it is possible to apply many different contract
forms found in other markets and for other commodities to the
case of electricity.

4.2. Financial transmission rights

Economic dispatch addresses the strong interactions of power
flows in an electrical network. For equilibrium to hold at the
efficient economic dispatch, the difference in market-clearing
locational spot prices must equal the opportunity cost of
transmission between the locations. Therefore, the consistent
spot price for transmission is this difference in locational prices. If
it were not for the strong interactions in the network, it would be
possible to define a set of physical rights for transmission, and
these physical rights could be traded to produce an efficient use of
the network. In equilibrium, the spot price of these tradable
physical transmission rights would be equal to the spot price of
transmission under economic dispatch. But a workable system of
such physical rights is not available.

The replacement for the unworkable physical transmission
right is the financial transmission right (FTR) to collect the
difference in the locational prices (Hogan, 1992). Spot electricity
prices are volatile, and this transmission spot price is even more
volatile. The FTR is the right to collect the difference in the
locational prices.3 In effect, the FTR is paid the equivalent of a
physical right sold at the real-time spot price without the necessity
of actually trading the physical right. This provides a hedge for real-
time physical transactions between locations. A physical transac-
tion incurs a spot transmission charge equal to the difference in the
locational prices between the source and sink; this charge is the
net of the spot price value of the generation injection at its source
and the spot price cost of the load withdrawal at its sink. The
payment to the owner of an FTR is this same difference in
locational prices. If the physical transaction and the FTR are exactly
matched, then the net payments cancel as though the schedule had
used a physical transmission right. From the perspective of the
physical schedule, the cost of connecting the source to the
destination is the cost of acquiring the FTR. Acquisition of an FTR in
advance, at a known price, provides a hedge for the possibly
volatile difference in real-time locational prices between a source
and a sink.

The revenue to fund payments to the owners of the FTRs arises
from the residual remaining after paying suppliers and charging
loads for their economic dispatch quantities at spot prices. The
total payments by load exceed the payments to generators,
reflecting the congestion value arising from the use of transmission
to move lower-cost generation to serve load in higher-cost
locations, and the marginal pricing of transmission losses; together
these comprise the spot market surplus. If the full set of
outstanding FTRs is simultaneously feasible for the grid conditions
not important and the focus of discussion is on the treatment of FTR obligations.
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used in the economic dispatch, then under certain regularity
conditions, the net of the spot market payments in the physical
market will be sufficient to fund payments for the FTRs (Hogan,
2002b).

This use of transmission payments in the form of congestion
rents to support FTRs is a consequence of the FTR design, but not a
fundamental purpose. The history is clear as to the need for some
form of fundamental transmission rights, and that physical
transmission rights are impossible to design under the principles
of open access and non-discrimination. The contrary view of the
PJM market monitor illustrates how isolated recommendations,
separated from the history of development of the basic principles
of efficient market design, can lead to recommendations that
would fundamentally undermine the entire structure. In particu-
lar, the advice to ignore the hedging function of FTRs and simply
find ways to refund congestion rents without the use of FTRs
(Monitoring Analytics, 2016), would unravel a key component of
long-term contracting.

The FTR provides a critical piece in the elements of a workable
and efficient electricity market design under the principles of open
access and non-discrimination. The core contribution is in
providing a substitute for the congestion hedges of the unavailable
physical transmission rights. The existence of FTRs creates the
opportunity to replicate many other features of efficient markets
with an array of forward contracts and hedging instruments.

5. Day-ahead markets and multi-settlement systems

The description above of economic dispatch and FTRs applies to
the real-time market. The contracts for differences and FTRs are
relatively long-term arrangements that typically apply across
many real-time periods. In principle and in practice, the system
operator need not consider these contracts when conducting the
dispatch. For a variety of reasons, the design of electricity markets
includes or soon gravitates to include formal integration of forward
markets that allow for advance notice for unit commitments,
physical schedules, and financial hedges. This typically takes the
form of a day-ahead market scheduling 24 consecutive hours,
which allows for more alternatives and flexibility in sequencing
the commitment of units and dealing with the complex dynamics
of generation ramping to meet forecast changes in the level of load.
The market design could even include a multi-settlement system
with hour-ahead, day-ahead, and longer forward markets. The
details are slightly different in each actual ISO/RTO implementa-
tion, due to differences in desired or mandated scheduling lead
times and mechanisms.

In essence, the day-ahead market operates analogously to the
real-time market. Participants make demand bids and supply
offers. The system operator combines these offers and bids with a
description of the expected transmission network conditions and
determines an economic unit commitment and dispatch with
associated LMPs for each hour of the next day. The system operator
settles the market by charging or paying market participants for
purchases and sales in the day-ahead market at the day-ahead
prices. Bilateral transmission schedules pay for their schedule from
source to sink at the difference in the day-ahead prices.

There are other relevant details about commitment costs and
related limitations on generation. But for the present discussion an
important feature of this day-ahead, market-clearing, economic
dispatch is that the schedules are effectively all day-ahead financial
contracts that will be cleared either physically or financially in
real-time. No power flows in the day-ahead market. In real time,
when power actually flows, there will be another economic
dispatch based on real-time offers and bids. Although the
mechanics of accounting and settlements may be different in
each ISO/RTO, the net settlement result for each market participant
is the same as if all the day-ahead schedules were liquidated at the
real-time locational spot price, and all real-time physical trans-
actions were settled at the respective locational spot prices. This
formulation of the accounting is sometimes referred to as a “gross
pool.” An alternative and financially equivalent accounting process
is to settle the differences between the day-ahead and real-time
quantities for a participant at a location at the real-time price. This
is sometimes referred to as a “net pool.” Note that the settlement
system characterization does not affect the dispatch or the
ultimate net payments by the market participants. The economics
and the aggregate financial outcome and, hence, economic
incentives are unchanged.

This recognition that all cleared schedules in the day-ahead
market are financial contracts that can be settled at real-time
prices rather than through physical delivery of energy, immedi-
ately opens the possibility for entities that are not “physical loads”
or “physical generators” to participate in the day-ahead market.
Given the uncertainty in real time, e.g., concerning weather
conditions affecting load and generation levels, the day-ahead
contracts provide a hedge against the volatility of real-time prices.
To the extent that expected real-time prices differ from the day-
ahead prices, there is an arbitrage opportunity. This arbitrage
possibility creates an incentive for purely financial participants to
make bids and offers for financial contracts in the day-ahead
market that will be settled at real-time prices.

Allowing these “virtual” bids and offers, such as incremental
bids (INCs) and decremental offers (DECs) in PJM, to participate in
the day-ahead market promotes entry and other benefits of
competition that come with increased liquidity. Virtual bidding
promotes price discovery, accurate price formation, market-based
redistribution of risk, and an opportunity to price risk in the
electricity market.

The existence of a multi-settlement system affects the
settlement of FTRs. Any economic dispatch coordinated by the
system operator inherently involves using the transmission grid to
support the power flows from generation to load. Embedded in the
decisions about the dispatch is an assignment of the use of the grid.
Hypothetically, if there were physical transmission rights, the
holders of these rights would sell them day-ahead to be
reconfigured and reassigned to those market participants using
the grid under the economic dispatch. In the absence of physical
transmission rights, the same reassignment must apply under an
FTR paradigm. Inherent in the day-ahead market, therefore, must
be the payment for the FTRs at the day-ahead price and charges at
the day-ahead price to those receiving day-ahead schedules for the
grid, where these schedules are a reassignment of the liquidated
and reconfigured rights of the FTR holders.

FTRs in a multi-settlement system are hedges against the prices
in the first of a sequence of coordinated dispatches and
settlements. In the case of the day-ahead market, this means that
FTRs hedge the volatility in day-ahead prices, not real-time prices.
In order to provide a complete forward hedge of the locational
differences in real-time congestion costs, a market participant
would need to have FTRs and convert these FTRs into a day-ahead
financial contract (i.e., schedule) in order to settle in real time. For
example, a holder of an FTR obligation could introduce a day-ahead
bilateral schedule for the same amount of transmission between
source and destination. Treated as a virtual contract that would be
settled at real-time, the day-ahead schedule would hedge the
locational difference of real-time LMPs.

This link between virtual schedules in day-ahead, FTRs, and
real-time prices is necessary and inherent in the design of
electricity markets. The physical analogy would be to conduct a
reconfiguration auction for physical transmission rights in the day-
ahead. Market participants would sell the long-term transmission
rights day-ahead and purchase short-term rights for use in the
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real-time dispatch. In the absence of a workable system of physical
transmission rights the combination of FTRs and day-ahead virtual
transactions addresses the same need. The FTR is the long-term
right that is settled each day in the day-ahead market. The day-
ahead virtual transaction is the short-term right that can be used to
continue this hedge to real-time to hedge the difference in real-
time locational prices. The intimate connection between FTRs and
day-ahead market transactions is an essential part of efficient and
workable electricity market design.

6. Virtual transaction types

The PJM paper discusses many purposes and advantages of
virtual transactions in the day-ahead market (PJM, 2015). Explicit
virtual transactions in the PJM day-ahead market include
incremental offers (INCs) that are like a generation offer,
decremental bids (DECs) that are like demand bids, and up-to
congestion (UTCs) contracts that are similar to FTRs.4

The inherent connection between FTRs and virtual transactions
is most pronounced in the UTC product found in PJM. A similar
financial contract can be found in the organized Texas market in
ERCOT.5 The UTC product has many characteristics similar to FTRs.
The basic idea is to arrange a virtual day-ahead schedule between
two locations with a bid for the maximum payment expressed as
the difference in the LMPs between source and destination. This is
a generalization in financial terms of a simple price taking physical
bilateral schedule. Clearing the pure virtual bilateral schedule
would not depend on the price differential in the day-ahead
market. By contrast, the UTC product allows a bid for the maximum
price at which the transaction should clear. This bid allows the
market participant to limit the cost that will be incurred to obtain
the real-time hedge.

The PJM report reviews the complicated history of the
development of UTC virtual transactions, constraints on their
use, and the allocation of uplift charges (PJM, 2015, pp. 16–17).

The bid for a UTC is directly analogous to the bids for FTRs in the
forward FTR auctions for financial transmission rights. In the
forward auction, bids to purchase FTRs are determined by the
market participant, and the bid limits the amount the participant is
willing to pay to hedge the difference in day-ahead congestion
prices between the source and the destination. The UTC applies to
the real-time congestion and loss prices between a source and
destination. The bid on the UTC product limits the amount the
market participant would pay for the relevant hedge in essentially
the same way as the bid for the FTR.

Like an FTR, a UTC hedges the difference in locational prices. The
FTR hedges the locational difference in day-ahead LMPs. The UTC
hedges the locational difference in real-time LMPs. The FTR covers
marginal congestion costs. The UTC, despite its name, covers both
marginal congestion costs and the marginal cost of losses. This UTC
formulation is sometimes known as a “spread bid.”

A simple price-taking bilateral schedule for transmission
between two locations as allowed in the day-ahead market, would
also hedge real-time differences in LMPs for both losses and
congestion. The advantage of the UTC is that it includes a bid that
permits a limit on the price differential paid day-ahead to obtain
the real-time protection. In effect, a pricing taking bilateral
schedule between two locations is equivalent to a UTC between
4 There are many possible variants of virtual transactions. For instance, a
“congestion and loss” product would be the functional equivalent of a UTC sourced
at the reference bus. The essence of the main policy issues would not change
materially for a wider array of virtual products.

5 Day-Ahead Market Point-To-Point (DAM PTP) Obligations and Options. http://
www.ercot.com/mktinfo/dam/.
those same locations with a bid price so high (infinite) that it
always clears. It is not evident why the appropriate implicit bid on
the bilateral is effectively infinite, while the current PJM market
rules limit a bid on a UTC to between zero and $ � 50.

The ability to roll FTRs forward from the day-ahead market to
real-time to hedge real-time spot prices is materially facilitated by
allowing a flexible UTC product. This would improve the ability to
arbitrage locational differences and support price convergence
between day-ahead and real-time, resulting in more accurate price
formation.

7. Markets and virtual transactions

As explained in the PJM report, virtual transactions provide a
means to improve convergence between day-ahead and real-time
prices. Virtual transactions add to the liquidity in the day-ahead
market to facilitate settlement of longer term forward contracts
arranged outside the organized dispatch. This same increased
liquidity helps to moderate or eliminate the ability to exercise
market power. Virtual transactions provide market participants
with hedges to reduce price variation for real-time settlements.
PJM provides examples of uses of virtual transactions to provide a
mixed portfolio of day-ahead and real-time transactions, as in
mitigating the risks for generators that might trip offline in real
time.

The PJM perspective credits a range of benefits to virtual
transactions including reducing the cost of commitment and
dispatch and the risk hedging benefits of forward contracts. By
comparison, the analysis of (Parsons et al., 2015) takes the view
that the effects on dispatch are the only relevant benefits of virtual
bids and offers. From this perspective, without changing the
dispatch, virtual bidding creates “parasitic profits” that extract
money from the market. If there were no risk-averse participants in
electricity market, this parasitic-profits conclusion might appear
more relevant under the assumption of no beneficial changes in
the dispatch. But with this same risk-neutral perspective, the need
for forward hedging contracts would also vanish. In the real
electricity system, risk management is a material concern, and
there are real benefits in mitigating risks through forward
contracting (Bessembinder and Lemmon, 2002). Although it
may be difficult to quantify the risk hedging benefits to compare
with the expected cost of commitment and dispatch, market
participants can express their willingness to pay to achieve both
types of efficiency. Hence, unlike the assumption in (Parsons et al.,
2015), the evaluation of the benefits of virtual bidding involves risk
hedging and price formation, as well as the impact on the
commitment and dispatch.

An important impact on commitment and dispatch is the effect
day-ahead virtual transactions can have on the incentives for
physical generation and load to participate in the day-ahead
market. For some physical market participants, there may be no
incentive to participate in the day-ahead market. For instance,
renewable energy suppliers that are paid a fixed contract price for
their actual real-time production may be operating under a
contract where day-ahead commitments actually increase their
risks. Importantly, PJM elaborates on the role of virtual bids and
offers to compensate for physical generator and load quantities
missing from the day-ahead market.

On average, fixed demand bids in the Day-Ahead Market
account for about 95 percent of the load forecast for the next
operating day. On a peak load day where the real-time load is
about 150,000 MW, five percent of the load is 7500 MW which
is equivalent to about seven nuclear plants. On a percentage
basis it is small but in terms of real megawatts it is substantial.
Without some form of virtual trading, this amount of load could
go un-procured in the Day-Ahead Market leading to discounted

http://www.ercot.com/mktinfo/dam/
http://www.ercot.com/mktinfo/dam/
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prices and inadequate resource commitments (PJM, 2015, p.
23).

The PJM analysis emphasizes a connection between virtual
offers and the resulting physical commitment and dispatch,
placing this as the primary, or perhaps only, purpose and test of
benefits for virtual transactions.

Driving the day-ahead commitment closer to what is needed in
real time to maintain system reliability is an important function
provided by virtual transactions. In order for virtual trans-
actions to accomplish this function, they must impact the
scheduling and commitment of the physical resources on the
system. When this is done in a direction leading to a day-ahead
resource commitment that more closely aligns with real-time
needs, market clearing prices will reflect this and the
transaction will be profitable. When the opposite occurs, the
transaction will not be profitable and, therefore, the market
participant is incentivized not to submit the same transaction
again.
If there are persistent scenarios found where virtual trans-
actions drive physical unit commitments in the Day-Ahead
Market that are different than real time and yet the transactions
are still profitable, or, in cases where virtual transactions are
cleared that are not meaningfully impacting the day-ahead
resource commitment yet are extracting profits from the
market, not only is there no value added, but the transactions
are actually detrimental to efficient market operation (PJM,
2015, p. 18).

If the reference to “value added” refers narrowly to efficient
dispatch then the latter statement is true by definition. If the
argument is that dispatch efficiency is the only value added, then
the PJM position repeats the error of ignoring all the risk hedging
and price formation benefits of virtual transactions.

Although this connection to the real-time physical dispatch
seems a plausible criterion on its face for evaluating the merits of
virtual transactions, the actual situation is more nuanced. The form
and purposes of the day-ahead market and the use of virtual
transactions to affect “scheduling and commitment” invoke some
issues – especially the impact of uncertainty – that are passed over
in the PJM report but would be important in evaluating the
contributions of virtual transactions.

The design of the real-time market as a bid-based, security-
constrained, economic dispatch with locational prices follows
directly from the operational practices of system operators and the
requirements for providing open access and non-discrimination in
the use of the transmission system. If there were no uncertainty,
the design of the day-ahead market would follow naturally to
simply replicate the same structure and design as in real-time to
maintain consistency between the two markets. With no
uncertainty, a reasonable test of the performance of the day-
ahead market, including the use of virtual transactions, would be
the extent that the “scheduling and commitment” “aligns with
real-time needs.”

In the presence of uncertainty about real-time needs, however,
the design and criteria for evaluating day-ahead market outcomes
are not so straightforward and may not include the expectation of
outcomes identical to the real-time market. For instance, there is
an important distinction between “scheduling” and “commitment”
in the day-ahead market. It is the day-ahead commitment of
resources that have long lead times, e.g., units that require time to
ramp up to its minimum load level of output, that has a physical
impact that can affect the outcomes in real-time. By contrast, day-
ahead energy schedules, including dispatch of all available units,
can change after the day-ahead and is not necessarily affected by
day-ahead choices. In the stylized framework, the “commitment”
is fixed under uncertain conditions (e.g., forecasts of real-time
load) in the day ahead, but the different eventual outcomes of this
uncertainty in real time can and will be accommodated in the real-
time dispatch as the uncertainty is resolved. This distinction is
important but it is not maintained in the PJM analysis, where the
discussion refers to “commitment” but the examples all pertain to
energy dispatch. Hence, the illustrative examples may or may not
indicate problems with the day-ahead market.

It might be natural to formulate the day-ahead market
optimization problem so as to minimize the total expected cost
of the actual commitment and real-time dispatch of supply to meet
forecasted load. This expected-value framework appears to be
implicit in the PJM discussion and criteria for evaluating the
contribution of virtual transactions. However, this framework is
quite different from the actual approach taken in present designs of
day-ahead markets. The expected-value approach would require
the day-ahead analysis to describe and incorporate the probability
distribution for possible realizations of the real-time market, and
decision variables would be the commitments for all long-lead-
time actions that would affect the real-time dispatch costs. In
formal terms, this would be a sequential stochastic optimization
problem, not the security-constrained deterministic model PJM
employs. Formulating and solving such stochastic optimization
problems is an active area of research, but it is not what the current
electricity market designs attempt or could achieve. The informa-
tion and computational challenges are daunting, and the day-
ahead results would be quite different (Bjørndal et al., 2016).

The design of the PJM day-ahead market does not explicitly
account for the uncertainty affecting the real-time dispatch. Given
the bids and offers, including virtuals, the PJM day-ahead market
finds the corresponding security-constrained least cost unit
commitment and dispatch. Some market participants are restrict-
ed to cost-based offers. Others, especially including virtuals, can
submit market-based bids and offers. The system operator solves
for the optimal unit commitment, dispatch solution and associated
locational prices, along with any necessary uplift payments. If the
uncertainty impacting the real-time dispatch is small, then the
resulting dispatch solution for the day-ahead market may be close
to the eventual real-time dispatch.

Without any virtual bids and offers, the resulting day-ahead
commitment and dispatch could, however, deviate significantly
from the requirements in real time. For example, if only bids and
offers backed by physical facilities were allowed, and some of the
load did not participate in the day-ahead market, as illustrated in
the PJM analysis, this could result in an inadequate commitment
and dispatch to meet real-time load, just as illustrated and
documented in the PJM analysis. Virtuals are an important part of
resolving this deficiency of sole reliance on the physical offers to
reach a day-ahead commitment that reflects market expectations
of real-time conditions.

In the presence of uncertainty the distinction between physical
and virtual offers is not sharp; i.e., if a day-ahead schedule differs
from the real-time quantity it will not always be clear whether this
has arisen because of uncertainty at the time of the day-ahead
scheduling process, or because of the intentional submission of a
day-ahead schedule inclusive of some virtual quantity intended to
be settled financially in real time. As a practical matter, offers from
physical generators and bids from physical loads can deviate
significantly from the actual real-time outcomes. Differences
between real-time conditions and what was expected day-ahead
caused by uncertain outcomes appear identical to virtual trans-
actions in the ISO settlement accounting. The principal distinction
of formal virtual transactions is that they can be clearly recognized
in the protocols for the bids and offers presented for the day-ahead
market. The deviations between day-ahead schedules and real-
time outcomes are known in advance for explicit virtual
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transactions. This is unlike the uncertainty associated with
physical forecasts where the deviations cannot be known in
advance.

Under uncertainty, and even with the best efforts of all the
physical and virtual offers, the connection between the day-ahead
and real-time dispatch can be complicated. For example, as
discussed below, even the simplest case of day-ahead markets can
create outcomes that deviate from the expected value of the real-
time dispatch. Setting aside the hedging activities, one role for
virtual bids and offers is in improving price formation. With no
market power, no transaction costs, full information, and risk
neutrality, virtual bids and offers should match the expected
locational prices in real time. The standard analysis indicates that
day-ahead prices at a particular location will be driven by
expectations about real-time prices at that the same location.
Any sustained deviation from this condition would produce an
arbitrage opportunity for profitable entry through appropriate
financial contracts. If day-ahead prices are above expected real-
time prices, it would be profitable to offer a financial contract for
sale of energy in the day-ahead that would be balanced by the
profitable purchase of that same energy in the real-time market.
Similarly, if the day-ahead price is lower than the expected real-
time price, then it would be profitable to purchase energy day-
ahead through a financial contract that would be in turn balanced
by a profitable sale in real time. The actual realized price in real
time may differ substantially due to the uncertain real-time
outcomes. But the day-ahead price should on long-run average be
close to the real-time price. Of course, with the high volatility of
electricity prices, the long run could be quite a long period of time
over which to measure convergence of prices between the two
markets, thereby reflecting accurate price formation. Nonetheless,
there is a close connection between the expected prices in the two
markets, day-ahead and real-time.

The connection, however, is neither obvious nor inherently easy
to analyze in the general case. In particular, deviations between
real-time and the day-ahead dispatch solution can arise for many
reasons. And deviations may not go hand in hand with added uplift
costs. This situation is especially important for virtual transactions
which always produce a deviation between day-ahead and real-
time quantities.

7.1. Deviations without uplift or efficiency effects

The equilibration of day-ahead prices and expected real-time
prices does not mean that expected dispatch in real-time will be
the same as the dispatch day-ahead, nor does it imply that the
same transmission constraints will be binding or have the same
congestion costs.

A simplified example illustrates the general point. Consider the
case in Fig. 1 for “day-ahead price equilibrium.” The model here
abstracts from the full details to focus on the key parameters. There
is no commitment decision; all the implied generation is available
for the real-time dispatch at no added cost. Hence, there is no
question about ultimate dispatch efficiency, and no need for uplift
payments.

The transmission system is the same day ahead and in real time.
The conditions at node A imply a net supply-and-demand
condition that yields a constant price, PA under all real-time
conditions.

The conditions that will appear at node B in real time are
uncertain with two possible outcomes with equal probability. The
load and generation conditions could produce a high real-time

price, PHi
B at B. Or the conditions could produce a low price, PLo

B . We

assume that PHiB >> PA, so in this case the real-time dispatch will
involve transmission flow from A to B at the upper limit of the
constraint on the transmission line, K, because under these
assumptions cheaper supply is available at A than at B. In the other
real-time case, where PLo

B < PA, the transmission flow will be from
B to A and the active constraint will be the lower limit on the line.

At the time of the day-ahead dispatch, assume that there are
sufficient virtual bids and offers to ensure that the day-ahead
locational prices equal the expected values for the real-time.
Everything works perfectly as designed in terms of bidding and
pricing. But the results also show that the day-ahead quantity
dispatch does not equal the expected value of the real-time
dispatch quantities. For example, because of the particular
asymmetry in prices employed for the example, the day-ahead
transmission flow is K megawatts, from A to B, even though the
expected real-time transmission flow is zero. The associated
constraint shadow prices also do not equal the expected value of
the constraint prices from real-time. The day-ahead shadow price
on the transmission constraint from B to A is mba ¼ 0, but the
expected value of the real-time shadow price is

E mbað Þ ¼ 0:5 PA � PLo
B

� �
> 0. Adding further details about the loads

and generation, we would also find a difference between the day-
ahead load and generation dispatch quantities versus the
corresponding expected real-time quantities. Apparently accurate
price formation to achieve price convergence between day-ahead
and expectations of real-time is not the same thing as convergence
of the day-ahead dispatch quantities to equal the expected real-
time dispatch quantities.

The reason this occurs, as discussed by the PJM report, is that
the problem in the day-ahead model can be quite different than in
real time. With enough uncertainty about the real-time, essentially
any and all constraints could have non-zero expected shadow
prices as anticipated day-ahead. There is an upper bound (i.e.,
defined by the number of nodes minus one) on the number of
constraints that can be binding in the day-ahead dispatch, but the
number of binding constraints could be quite large in the day-
ahead solution compared to the relative handful of actual binding
constraints in any particular real-time dispatch. The result is that
the quantity dispatch in the day-ahead will be different than the
real-time dispatch, even in expected value terms.

Hence, quantity deviations between day-ahead and real-time
are inevitable. These deviations apply by definition to virtual
transactions and by necessity to physical schedules. As shown in
this example, the deviations can occur without having any dispatch
efficiency effects and without any uplift requirements. The basic
principles illustrated through this simplest of cases extends to a
more general model with many network interactions and security
constraints.
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7.2. Uplift without deviations or efficiency effects

Uplift can arise for many reasons, and may not result from day-
ahead versus real-time deviations, and may not have any efficiency
effects. The simplest case appears when the day-ahead dispatch
involves unit commitment costs. Even without any uncertainty, the
lumpiness of the unit commitments costs can give rise to a
situation where there is no market clearing price in the day-ahead
market that fully supports the solution (Gribik et al., 2007). The
unit commitment and economic dispatch found cannot be
maintained without some side payments to compensate bidders
that otherwise would have an incentive not to follow the dispatch
at the market prices. This approach preserves efficiency but creates
an uplift requirement.

Introducing uncertainty would not change the underlying
premise that an uplift payment is required without considering
deviations between day-ahead and real-time quantity dispatch.
Including virtual transactions in the analysis would have the effect
of smoothing the day-ahead commitment and dispatch problem
and reducing the required uplift payments.

7.3. Deviations with uplift but no efficiency effects

The elements of a case with both deviations and uplift, but no
efficiency effects, can be seen through a slight modification of the
equilibrium analysis in the simple case of Fig. 1, “Day-Ahead Price
Equilibrium.” Suppose now we assume that the high-priced
generator at node B comes with a unit commitment cost and
this generator is needed to meet load in the high-priced real-time
case.

Since this generator’s variable cost is above the expected real-
time price, this high-priced generator would never be committed
in the day-ahead dispatch. In the practice in PJM and other RTOs,
this generator would have to be committed in a reliability pass to
make sure it would be available in the event of the high-demand
case in real time. Since the high-priced generator would not be
included in the day-ahead dispatch, it would require an uplift
payment to cover the cost of commitment.

Given the reliability constraint, the real-time dispatch would
always be efficient. Any virtual transactions and some physical
transactions would differ from the day-ahead schedule, so there
would be deviations. Hence, in this equilibrium analysis, we would
have deviations with uplift and no efficiency effect.

7.4. Equilibrium analysis

The analysis of costs and benefits of virtual transactions cannot
be formulated or found from looking at individual dispatch
outcomes as in the PJM analysis. And there is no single connection
between deviations, uplift, and efficiency effects. As illustrated by
the simple examples, equilibrium analysis is required for a number
of reasons. First, many proffered examples of apparent anomalies
between day-ahead and real-time show isolated effects that could
not persist in equilibrium. To evaluate the effect of virtual
transactions it is necessary to find anomalous examples that
could exist in equilibrium rather than as an isolated surprise.
Second, in the presence of uncertainty, the equilibrium condition
should compare the day-ahead dispatch with the expected values
of the real-time costs, rather than the day-ahead dispatch with the
actual real-time results. It is understood that individual real-time
outcomes will deviate substantially from the day-ahead predic-
tion, where the variance of real-time prices is much larger than the
variance of day-ahead expectations. Third, the equality between
the day-ahead locational price and expected real-time price at the
same location does not extend to all the other metrics of the
dispatch. In the end, settlements are for energy transactions and
these are the prices that equilibrate through day-ahead and real-
time convergence. The day-ahead schedule can affect the day-
ahead commitment, and day-ahead trading can help improve this
commitment. In the absence of uncertainty and with a well-
behaved problem without lumpy constraints, the quantity dispatch
solutions – i.e., day-ahead and expected real-time – also would
match perfectly. But with uncertainty and with the actual lumpy
startup and minimum load conditions any comparison of the
expected real-time and day-ahead dispatches results would
require more analysis than has been done.

In this sense, the connection between the analysis and the
conclusions in the PJM report is missing. The PJM analysis focuses
on examples of day-ahead decisions and particular real-time
outcomes. These examples are valuable and instructive in
understanding how the electricity market system works. But they
are not directed at the essence of the interactions between day-
ahead and real-time under uncertainty, and for this reason do not
provide a test of the performance of virtual transactions. It remains
as a challenge to develop a complete model of all the benefits and
costs of virtual transactions.

The most obvious test of the impact of virtual transactions on
prices would be to measure the degree of price convergence
between day-ahead market solutions and real-time prices over a
long period with and without the inclusion of virtual bids, to assess
whether the inclusion of the virtual bids results in more accurate
price formation. This would be complicated by any concurrent
change in transactions costs and uplift allocations, but the
standard would be a small difference in prices. The annual reports
on the state of the market summarize such analyses as a regular
feature and find very close convergence between prices. “Markets
fluctuate continuously and substantially from positive to negative.
The difference between the [locational] average day-ahead and
[locational average] real-time prices was �$0.93 per MWh in 2014
and �$0.73 per MWh in 2015. The difference between average day-
ahead and real-time prices, by itself, is not a measure of the
competitiveness or effectiveness of the Day-Ahead Energy Market”
(Monitoring Analytics, 2016). The emphasis here should be on “by
itself,” but it is clear that this price convergence is an essential part
of the story.

It is a greater challenge to separate out the independent effect of
explicit virtual bidding in supporting this price convergence.
However, some attempts to exploit natural experiments to analyze
the impact of virtual bidding reached the conclusion that
introduction of explicit virtual bidding is an important contributor
to improved price convergence (Jha and Wolak, 2015) (Li et al.,
2015).

A related focus of the evaluation of virtual bidding would
address the contribution to the many other objectives and benefits
outlined by the PJM report. Some of these features are necessary as
a theoretical matter. For example, something like the UTC virtual
transaction is necessary for a market participant that wants to
settle an FTR against real-time prices. This was and is an important
part of the basic market design. Others, such as the value of
liquidity and hedging, present added difficulties in measuring the
benefits, but the PJM analysis suggests why these benefits could be
substantial.

The impact on the “commitment and schedule” is important,
but the evaluation would require more to identify the costs and
benefits with and without virtual trading. The examples that
emphasize these dispatch impacts tend to focus on cases where the
underlying problems are “modeling discrepancies” (PJM, 2015).
See also (Parsons et al., 2015). It is to be expected that when market
design features create unintended disconnects from reality, real-
time dispatch and day-ahead dispatch would create unintended
differences in prices that would be a magnet for virtual trading. The
probable effect of the virtual trading would be to induce more
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accurate price formation, but this may not eliminate the impact of
the underlying market defect. Whether this is a problem with
virtual trading or with market design is subject to debate. The first
choice would be to fix the market design. If the market design
defect is unavoidable, then the least disruptive solution should be
pursued. If this requires limits on virtual trading, there should be
some identifiable connection between the proposed cure and the
underlying disease.

Going further, to do a full-blown efficiency analysis of the
impact of virtual trading, would be an interesting research project
and a challenge. However, as demonstrated by the simple example
above, posing the question in the proper light would not be easy.
Hence, while PJM is correct that “[v]irtual transactions that impact
prices in the Day-Ahead Market but that do not result in physical
resource commitments that more closely reflect what are actually
needed in real time do not result in more efficient market
operation,” the available studies have not gone very far down the
path of analyzing this criterion (PJM, 2015, p. 17). How would we
describe the efficiency of the outcome with and without virtual
trading? It is not as simple as showing the dispatch would be the
same, even on average. How would we quantify the effect of
different unit commitment results under uncertainty, as separate
from the dispatch? Answering these questions would be an
important part of any full analysis of the empirical costs and
benefits of virtual trading.

As of yet, empirical cost benefit questions have not even been
posed succinctly to deal with all of the commitment and dispatch
costs and related benefits. The work of (Jha and Wolak, 2015) uses a
regression approach to conclude that the introduction of virtual
bidding in California improved price convergence, and reduced
fuel cost slightly, but there is no attempt to address other costs and
benefits. See also (Woo et al., 2015) on price convergences with
virtual bidding and increased wind penetration in California. The
trading model of (Li et al., 2015) shows improved price
convergence, but focuses only on the marginal incentives so as
to avoid the complication of addressing changes in commitment
and dispatch.

An empirical analysis using the actual dispatch model for the
Independent System Operator of New England (ISONE) addresses
both price convergence and dispatch performance by comparing
the day-ahead and real-time markets with and without explicit
virtual bids, assuming all other bids stay the same. Although this
does not account for different implicit virtual bidding strategies,
the counterfactual modeling approach comes closer to addressing
the total cost issues. The authors conclude “that the financial entity
participation not only results in reduced DAM-RTM price devia-
tions but also leads to DAM dispatch results that are ‘closer’ to
those of RTMs. Therefore, financial player participation improves
the ability of the RTO to ensure system security” (Güler et al., 2010,
p. 294). On balance, therefore, this study concludes that virtual
bidding improves both price formation and physical system
operations.

8. Dispatch interactions

In principle, FTRs, UTCs, and all types of virtual transactions
could be constructed through private arrangements outside the
organized market administered by the RTO. Any consenting parties
could write a contract that settled against PJM’s LMPs, whether for
day-ahead or real-time markets. These derivative contracts would
be subject to market oversight, but they would not be seen by the
system operator. These financial contracts would not be considered
in the commitment and dispatch.

The difficulty with leaving derivative contracting to the private
market arises again from the absence of physical transmission
rights and the inability of a bilateral market for transmission to
address the strong interactions in the flow of power on the grid.
While it is true that anyone can write a contract that looks like an
FTR, UTC, or virtual bid, only the system operator can support a set
of contracts that fully respects and utilizes the limited capacity of
the grid. The need for coordination through the system operator is
most obvious in the case of FTRs, but the same principles apply to
any financial products that depend on prices that reflect the actual
flow of power on the grid. In economic terms, the transaction costs
of organizing an efficient commitment, dispatch, and hedging
configuration are relatively small when conducted through the
system operator, and much larger or even prohibitive when left to
the bilateral market.

The advantages of including these financial transactions in
forward auctions or forward markets are clear. The clearing and
scheduling of accepted transactions can reflect the real limits of the
grid, with all of its strong and complex interactions. This expands
the set of feasible transactions and should both increase efficiency
and reduce risk. The flip side of this inclusion in coordinated
auctions by the system operator is that the financial contract bids
and offers can affect the commitment and dispatch choices of the
system operator, at least to some degree, and capture the benefits
found by (Güler et al., 2010).

The degree of interaction with the physical commitment and
dispatch depends on how the virtual and other financial trans-
actions are represented in the forward markets. For example, FTRs
that are only for congestion cost create no direct impact on losses
or forward energy contracts. The award of FTRs may have some
indirect effects on the development and availability of long lead-
time generation facilities and loads, but the impact on the day-
ahead or real-time dispatch would be de minimis. Likewise, in the
real-time dispatch, financial bids and contracts are no longer part
of the solution and it is only real physical conditions that
determine the final dispatch and prices. In the day-ahead, the
issue is more complicated and the degree of interaction depends
on how the system operator models UTCs, virtual bids, and other
financial contracts.

The possibility of interaction between financial contracts and
the market dispatch raises the concern that the financial bids could
be used to manipulate the market (Haas, 2009). A difficulty arises
in considering the proper test of manipulation. The appropriate
counterfactual in testing manipulation would be an equilibrium
solution without the financial bids. Consider the simplifying
assumption of complete information, with a common probability
distribution characterizing the uncertainty of real-time prices, and
risk neutral financial participants. Then the day-ahead financial
participants would produce financial bids at the common expected
real-time price. With no restrictions on entry, any financial bids
that deviated from the common expected real-time price would
either lose money or would not clear. Under this condition, the
strictly financial bidders, who could not affect the real-time price,
could not affect the day-ahead price. Hence, the ability to affect
day-ahead prices must depend on some combination of circum-
stances violating these simplifying assumptions, such as restric-
tions on entry, external limits on participation by risk neutral
financial traders, transaction costs including collateral costs,
analysis costs, or a more complicated information setting (Lo
Prete and Hogan, 2014).

From this perspective, and as discussed in greater depth below,
limitations on virtual bids and financial transactions work in the
wrong direction. Expanded liquidity and ease of entry would
improve the operation of the market and create a closer
approximation of the idealized competitive day-ahead market.
Given the benefits of coordinated day-ahead and real-time markets
and expanded opportunities for hedging this provides a strong case
that limitations on financial bids should be avoided or at least face
a strong burden of justification.
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9. Settlements and cost allocation

The principles of cost causation focus on achieving the benefits
of efficient price signals. Prices should be set to reflect costs on the
margin. If the costs are well behaved, the balance induced by
equating price and marginal cost supports the efficient economic
outcome. With the simplest representation of supply and demand,
including increasing marginal costs and decreasing marginal
benefits, the efficient solution establishes a welfare maximizing
market equilibrium. This is what motivates economic dispatch as
the core feature of the electricity market model. And this idealized
model would not create residual costs, with or without virtual
transactions.

9.1. Energy uplift for residual costs

In the presence of fixed costs, joint products, and other
departures from the assumptions of a simple competitive market
structure, prices that equate marginal benefits and marginal costs
may not cover the full costs of production. This raises the question
of how to allocate costs using principles that go beyond the
simplest application marginal cost pricing to accomplish a cost
allocation conforming to the cost causation principle. In the
electricity market, for example, the problem arises when there are
startup costs, minimum run times, and other constraints on
generators which imply that the efficient, least-cost solution may
not be compatible with any given set of prices for outputs of the
facility. In other words, there is no unique set of internally
consistent prices that would send price signals that would lead
independently profit maximizing (or cost minimizing) market
participants to reach, through the “invisible hand,” the least-cost
dispatch solution. To incent market participants to produce or
consume quantities corresponding to the least-cost solution, there
is a need to allocate the costs that cannot be covered at the prices
determined by the variable costs.

These residual costs often go under the name of energy uplift.
The uplift charges can vary significantly. For example, in PJM “[t]
otal energy uplift charges decreased by $646.3 million, or 67.3
percent, in 2015 compared to 2014, from $960.5 million to $314.2
million” (Monitoring Analytics, 2016). The allocation of these costs
can be problematic and is a subject of continuing review in PJM.6

In the case of PJM, an example is the Balancing Operating
Reserve (BOR) charge that covers a variety of startup and related
costs that might exceed the revenues obtained at spot prices for the
output schedule for a generator in the day-ahead market. The BOR
costs reductions were the major source of the reduction of overall
energy uplift charges in PJM in 2015. However, they remain the
largest component of the total uplift cost. The current PJM method
for allocating these costs is based on real-time deviations from
day-ahead schedules. “PJM calculates for each Operating Day the
Balancing Operating Reserve charges to deviations by allocating
the total cost of Balancing Operating Reserve for deviations on a
regional basis to each customer account based on their daily share
of the sum of the total hourly deviations in each region (RTO, East,
and West)” (PJM, 2016, p. 37).

The energy uplift charge allocation question, like similar
applications such as the Revenue Sufficiency Guarantee (RSG) in
the Midwest System Operator, produces an often confusing and
circular conversation (Hogan, 2008). Although this BOR allocation
assigns different costs to different actions, the allocation of these
costs based on deviations from day-ahead schedules does not arise
6 The March 2016 meeting of the PJM Energy Market Uplift Senior Task Force
reviewed the PJM report on virtual bidding; http://www.pjm.com/committees-
and-groups/task-forces/emustf.aspx. See also (FERC, 2014).
from any fundamental model. As shown above in the simple
equilibrium analysis, deviation from day-ahead schedules should
be expected in any model with significant uncertainty, and
deviations do not necessarily give rise to uplift costs.

The lack of an explicit model to deduce cost causation implies
that the allocation method is more an administrative compromise
than the product of a principled analysis. The difficulty is
fundamental. The underlying assumptions behind the cost
causation argument, with the link between marginal costs, prices
and incentives, do not apply to all possible costs. The existence of
discontinuities in the generator costs structure—the generator is
on or off; the startup cost is incurred or it is not incurred, without
any intermediate possibility—means that some of the costs may
not be connected to marginal changes in output. A marginal change
in output may have little or no impact on uplift costs, even though
the total costs of starting and maintaining the active generator may
be large. If prices equal to marginal costs do not cover the full costs,
then the residual costs need to be covered by appeal to some other
principle (Gribik et al., 2007).

In other words, appeals to cost causation principles to allocate
properly defined residual costs are self-contradictory. The very
definition of the residual costs is for that part of the total costs that
is not amenable to attribution at the margin. If the cost could be
connected at the margin to changes in load or generation, it should
be part of the energy price. But, by definition, there is no cost
causation allocation available for the residual costs left over after
accounting for cost causation. Although there are many appeals to
cost causation claims for uplift allocation, closer examination of
the claims leads to a recognition that cost causation argument is at
least difficult to apply in practice and, more importantly, may be
flawed in principle (ISO_New_England, 2016, p. 2).

In the allocation of joint or residual fixed costs, without the
connection to cost causation at the margin, there is an inherent
arbitrariness to the allocation. If there were no consequences of
this cost allocation decision in terms of choices of market
participants in the market that could affect market efficiency, an
administrative compromise would present no policy problem.
With multipart tariffs, the costs may be included in separate
charges that differ from and are in addition to the marginal cost
charges for output. The basic principle would be to allocate the
costs in a way that would have the least adverse impact on the
choices made in the market. For example, allocating the uplift costs
to network connection charges would be better than adding to a
so-called “uplift” charge on load billed per megawatt-hour. If an
uplift charge is necessary, it should be allocated to the least price-
responsive loads. If a non-discriminatory uplift charge is required,
it should be spread across the widest possible base of loads that
cannot bypass or avoid the charge.

Efforts to avoid this logic for cost allocation, by finding a cost
causation connection for the residual costs left over from cost
causation allocations, can only mislead. This is especially true for
charges like the BOR, to the extent that they are residuals after
already taking into account settlements given the spot prices of
output. The magnitude of the BOR is not only a function of
generation total cost; it is also a function of the spot pricing rule.
For example, the PJM market monitor recommends correcting spot
pricing defects that contribute to uplift charges (Monitoring
Analytics, 2016). By definition, small changes in output provide no
guidance for the cost allocation, and examples of large changes in
the market big enough to create a correspondingly large change in
costs inherently require arbitrary decision about joint effects, not
independent marginal decisions. In effect, the cost allocation
problem for residual costs inherits the problems of lumpiness and
joint costs that give rise to the existence of residual costs in the first
instance. It is easy to fall into the trap of seeking a cost causation
allocation, but it is the wrong path to follow.

http://www.pjm.com/committees-and-groups/task-forces/emustf.aspx
http://www.pjm.com/committees-and-groups/task-forces/emustf.aspx
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The problem of uplift allocation is especially important in
dealing with transactions like FTRs, virtual INCs, DECs, and UTC
transactions, financial contracts that do not imply or produce
physical delivery or load in the real-time electricity market. By
design and construction, these financial contracts will be settled at
prices determined in the spot market, but the observed quantity
will always be zero in the real-time physical flows. The underlying
economics of the financial contract are driven by the expected
value of the real-time price that will apply to the financial
settlement of the contract. By design, the quantity deviation
between day-ahead and real-time for the financial contract is the
full quantity, and for a competitive bidder there is no connection
between this deviation and the appropriate economic analysis of
how much (in dollars) to bid. In other words, the system operator
knows in advance that the schedule of the individual bidder will
“deviate” between the day-ahead market and real-time market
because this “deviation” is an inherent characteristic of the virtual
transaction. Further, there is not necessarily any deviation between
the aggregate day-ahead market schedules and real-time sched-
ules because the virtual bid may proxy for supply or demand or
power flows that are present in real-time but otherwise would not
be represented in the day-ahead market. Hence, allocating costs to
these virtual contracts based on deviations of the individual bidder
does not have a foundation in the economics of a competitive bid
and creates perverse incentives to avoid virtual transactions. Any
added charge to the cost of settling the virtual contract creates a
wedge between the expected real-time price and the day-ahead
price, reducing the incentive and the ability to promote conver-
gence of day-ahead and expected real-time prices, resulting in less
accurate price formation. Uplift allocation to any virtual contracts
has material consequences that work at cross purposes to good
electricity market design.

A purpose of these contracts is to hedge or arbitrage in the face
of uncertainty about prices. With no uncertainty there would be no
demand for these hedges. And without risk aversion that gives rise
to hedging, there would be no need for these contracts. In the real
world, with uncertainty and risk aversion, these financial contracts
improve the operation of markets in the many ways described in
the PJM report. However, the fundamentals dictate that the supply
and demand for the financial contracts would be very sensitive to
transactions costs, including any assignment of the residual uplift
costs.

9.2. Virtual trading and financial contracts

To avoid complicated simulations or examples of calculation of
uplift charges, it helps to step back and think about the market
conditions that give rise to the residual costs in the first instance,
and the role of financial contracts in these markets. For example,
much of the intuition about cost causation comes from an implicit
connection to simple real-time markets for electricity in the so
called “day one” structure that includes a real-time spot market
with one-part offers and bids for supply and demand. The offers
and bids describe textbook supply and demand curves, and
economic dispatch produces an efficient equilibrium with market
clearing prices. Under these simplifying assumptions, we do not
have lumpy decisions, the market clearing prices would cover the
costs, and no residual costs remain to allocate to make suppliers
whole for their bid costs. Financial contracts could be arranged
ahead of time in the bilateral market, but the actual dispatch would
depend only on the final offers and bids provided to the system
operator. The spot deliveries would differ from the financial
contracts, so there would be substantial deviations for these
bilateral contracts. But the deviations would be accounted for
through the bilateral transactions and not known to the electricity
system operator. In this simplified world, there would be no energy
uplift cost to allocate.

Setting aside the problem of the lead time for starting up, we
could modify this simple market to include multipart offers and
bids to reflect startup costs, minimum run times and the other
complications of the actual structure of costs for physical
generation supply. Assume for the sake of discussion that bilateral
financial contracts are not organized through the system operator,
but are strictly in the external financial market. With the
introduction of multipart bids the lumpiness of the economic
dispatch solution would create the problem of residual costs that
might not be covered by spot prices. Hence, cost allocations, such
as for the energy uplift charge, would be necessary. It would appear
that the uplift charges arose not because of deviation from day-
ahead schedules, but because of the fixed costs, minimum run
levels, and other constraints of generation. Allocation of the costs
to the generators that caused the costs would be circular, because it
is the under-recovery by these same generators that we seek to
cover with uplift payments to incent them to follow system
operator commitment and dispatch instructions. In this hypothet-
ical case the financial contracts, which are still bilateral and would
not even be known to the system operator, would not be the cause
of the uplift charges, and deviations of the financial contracts
would not be used for cost allocation.

The lead time associated with startup and related schedules
drive these “day one” markets towards the “day two” structure that
includes a day-ahead market operated by the electricity system
operator. The day-ahead market and associated schedules facilitate
operations by allowing market participants to exploit a wider
range of commitment and dispatch decisions coordinated and
sequenced over a 24-h period. The expanded opportunity set,
coupled with a closer connection of the day-ahead market
schedules to the actual physical characteristics of load response
and physical generation operation, creates the potential for a more
efficient unit commitment coordinated by the ISO that would
reduce the total cost of meeting load. In principle, this day-ahead
market could operate without including purely financial contracts
at all. With no virtual bidding, including exclusion of implicit
virtual bids, accurate price formation will become a more
complicated issue. But set that aside for the moment. The resulting
commitment and dispatch, reflecting the lumpiness of the unit
commitment decisions, would give rise to the residual cost
allocation requirement such as for the uplift charges. There could
still be bilateral financial contracts, but there would be no
requirement that the system operator even know about these
contracts, which could be settled separately against the published
prices. From the perspective of the system operator, there would be
no observed deviations for the financial contracts and no cost
allocation to the financial contracts. The residual costs would exist,
but would not be caused by the financial contracts.

Once we have the day-ahead market structure in place, it
becomes clear that there would be substantial advantages to the
market as a whole to include financial contracts under the purview
of the organized electricity markets. This is a main theme in the
PJM report. Virtual bidding provides the advantages of additional
entrants in the day-ahead market, better price convergence, better
price formation, increased liquidity for hedgers, and a natural way
to resolve long-term financial transmission rights that address the
locational differences in prices. This integrated market would be
impossible to fully replicate through a strictly bilateral financial
market outside the organized market.

Viewed in this way, the focus is on overall system performance,
not on residual costs alone. The residual costs arise independently
of the financial contracts. The assembly of FTRs, INCs, DECs, and
UTCs included in economic commitment and dispatch bring an
added benefit to the market interaction, improving efficiency and
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lowering overall costs. Movement of financial contracts into the
organized market run by the system operator can affect operations
in ways that are beneficial to the system. From this macro
perspective, the presumption is that including explicit virtual
bidding in organized markets will improve aggregate performance.
At a minimum, any alternative presumption should bear the
burden of proof.

However, the movement of financial contracts from the
bilateral market into the organized market also makes the
deviations of the financial contracts from the real-time market
visible. Thus follows the conundrum. The residual costs in energy
uplift charges arise because of the lumpiness inherent in the
multipart offers and bids for generation and load. There may be
some interaction between the financial contracts and the
commitment decisions, but these interactions are intended to
reduce total costs, not add to the total costs. Furthermore, it is the
total costs, commitment and real-time dispatch, that should be the
focus of any cost analysis of the impact of financial transaction on
the day-ahead market and not the organization of these costs in
different accounts such as energy uplift.

The change in commitment decisions may have some impact on
dispatch and prices, and these changes may increase (or decrease)
the allocation of costs into the residual category.7 But these
changes to energy uplift charges at their root are not caused by the
deviation of individual market participant real-time schedules
from their day-ahead contracts. In this important sense, financial
contracts do not cause residual costs. In equilibrium, and on
average, including financial contracts should improve the aggre-
gate efficiency of the system. Virtual bidding cannot overcome all
defects in market design, but virtual bidding offers real benefits in
the aggregate.

9.3. Consequences of uplift allocations

These benefits of coordinating financial contracts would be
threatened by any increase in transaction costs or allocation of
residual costs to the financial contracts. In the first instance, the
parties always have the option to move back into the external
bilateral market where the transactions costs are higher but the
deviations are not available as an indicator for residual cost
allocations (Deng and Oren, 2006). Even worse, financial partic-
ipants might withdraw from the market altogether and eliminate
the efficiency gains of the more transparent and liquid forward
market they engender, operated with explicit recognition of day-
ahead conditions and transmission interactions.

This high-level perspective provides a view that would be lost
by trying to do ceteris paribus simulations of changes in financial
offers and bids, to calculate the impact on energy uplift charges.
This simulation approach would mislead. The better perspective is
that the residual costs arise because of the lumpiness of the
technology and the need for multipart bids for day-ahead and real-
time dispatch. In the absence of financial transactions, there would
still be energy uplift charges. The right perspective is that the
financial transactions reduce overall costs and provide better
incentives for efficient markets, irrespective of the effect on
residual costs.

Allocation of residual costs to financial transactions cannot be
supported by cost causation arguments. The incentive effects of
such allocations are perverse, because even small increases in
7 See Table 2 in (PJM, 2012b), where the “changes” in day-ahead cost are negative
for the inclusion of UTC transactions and positive for inclusion of other virtual
transactions (sign conventions explained through an inquiry to PJM). The argument
is even more pronounced for the reliability unit commitment phase, which allows
analysis without the explicit virtual transactions.
these transactions costs can have a material effect on the activity of
financial participants. By contrast, real load, in real time, has few
alternatives to consumption. Financial participants have many
more options. Once we move past the cost causation argument,
allocation of costs to the highly price-sensitive financial contract
segment with the most options, in order to lessen the residual cost
allocation to real load segments which will not change behavior,
works in the wrong direction and reduces the overall benefits of
organized markets.

In the PJM system, there is a separation of the allocation of uplift
according to a rule that involves a judgment about the impacts of
particular types of bids (PJM, 2016). The current PJM policy is to
allocate some uplift costs to deviations from day-ahead schedules,
with no separate treatment of financial transactions, and the
remainder of the residual costs to load. The general arguments
above about virtual transactions are particularly applicable to the
case of UTCs. In the practical implementation of markets there are
always approximations inherent in the implementation of securi-
ty-constrained economic commitment and dispatch. In the case
argued by PJM, these approximations mean that UTCs do not affect
the commitment organized through the multipart bids handled by
the system operator (PJM, 2012a). Since they do not affect the day-
ahead commitment, UTCs cannot affect the real-time dispatch and
costs. Hence, currently no deviation charges are allocated to UTCs.
Likewise, since FTRs are strictly financial contracts that are
established before the day-ahead commitment and dispatch, the
judgment is that there are no residual cost allocations to FTRs in
this category. There is a separate issue of FTR allocation of
“balancing congestion,” related to over allocation of real-time
transmission capability, but that is a different story of a design
implementation mistake.

An objection to this logic arises because the current uplift cost
allocation scheme in PJM exempts UTCs but includes allocations to
deviation in other virtual transactions (Monitoring Analytics, 2016;
PJM, 2015). The essence of the argument appears to flow not from a
concern based on first principles of efficiency or cost causation, but
from the asymmetry of the treatment between other virtual
transactions and UTCs. Since the UTC is equivalent to a pair of
virtual transactions with a linking constraint, why should it be
treated differently? Is the justification for exempting UTCs nothing
more than the particular simplification chosen for the PJM
commitment decision? If there is no cost causation argument
and the allocation is intended as a compromise to achieve rough
justice, does the cost allocation have any effect on the market?

From the main argument in this article, it follows that virtual
transactions should help improve the overall efficiency of the
market. Requiring financial contracts to settle for the difference in
the electricity price of the transaction between the forward market
and real-time market sets up the right incentives to affect day-
ahead prices by improving convergence with expected real-time
prices reflecting accurate price formation. But allocation of
residual costs to the financial transactions does not follow from
a coherent application of the principles of cost causation, or at least
not by any analysis yet advanced. And any cost allocation to virtual
transactions creates perverse incentives that have material
consequences on the efficiency of the market.

The critique is correct that there is an asymmetry between the
treatment of some virtual transactions and UTCs. The solution,
however, need not be to adopt the flawed residual cost energy
uplift allocation to INC and DEC virtual transactions and extend it
to UTCs. The solution is to preserve the exemption for UTCs and
FTRs, and then extend the same status to all virtual transactions.
With the residual cost allocation applying only to real load,
liquidity and entry in financial day-ahead virtual transactions
would be enhanced, and the efficiency of the overall system should
be improved.
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10. PJM virtual bidding recommendations

The PJM analyses cover many interesting examples, particularly
in describing how virtual transactions can help with hedging and
risk allocation. Anyone could benefit from reading and working
through these examples. We could go further and extend these
examples to include explicit analysis of equilibrium under
uncertainty. This would be a useful direction for further work,
and would likely reinforce and elaborate the understanding of the
theoretical benefits of virtual trading.

10.1. PJM virtual bidding examples

The existing PJM analysis could be separated into three related
issues: (1) need to support efficient operations; (2) potential for
unintended outcomes due to market design defects or “modeling
discrepancies”; (3) computational challenges in managing a large
volume of transactions in the day-ahead market.

Support of efficient operations is important, but the analysis
does not yet speak to the essential elements of the efficient
operation motivation. As illustrated above by the simple equilibri-
um analysis with day-ahead trading, the implicit assumptions
about differences between day-ahead and real-time energy
dispatch are not supported. Furthermore, the focus in analyzing
the impact of virtual trading should be on assessing its impact on
unit commitment decisions rather than assumed differences
between day-ahead and real-time dispatch choices or transmis-
sion flows. The PJM analysis refers to the importance of
commitment decisions throughout the report, but does no explicit
analysis of those commitment decisions. This analysis would not
be easy. But it is important to recognize that the absence of the
analysis undermines the PJM conclusions because these do not
generalize from the case of no uncertainty and no commitment
decisions.

The examples of unintended outcomes appear almost exclu-
sively to refer to cases of modeling discrepancies that could be
considered to be market design defects. For example, the
inconsistent treatment of a “dead bus,” which is completely
disconnected from the system due to the topology surrounding
that bus, in the day-ahead and real-time can create price
convergence problems (p. 41). This seems true but the immediate
question would be to consider the options for changing the
treatment of dead buses, which can affect physical transactions,
implicit virtual transactions, and explicit virtual transactions.
There is nothing to suggest that the “dead” bus issue is inherent
and has no solution other than limiting virtual bids or applying
uplift to UTCs.

The discussion of the “load zone” settlements (pp. 42–45) is
another analysis that is suggestive but incomplete. The cases
shown are not equilibrium examples, so it is not clear what
conclusions about virtual trading would follow. But to the extent
there is a problem, the analysis does not point yet to the impacts of
explicit virtual trading. A more natural question would be to revisit
the reasons for price averaging across load zones and question why
loads bid zonally instead of nodally. The market efficiency
challenges of zonal models are well known, and were the reason
for largely abandoning the zonal model for generation in the first
instance (Hogan, 2002a). If virtual bidding presents problems for
zonal aggregation, but not a fully nodal system, then the analysis
would point to fixing the market defects of zonal aggregation.

These examples of market defects do highlight the possibility
that virtual bidding will reveal underlying problems in market
design. The market design will always have some unexpected
consequences, and virtual bidding could largely fix the price
convergence problems without correcting the inefficiencies of the
underlying design. The treatment of persistent or unavoidable
market defects is a larger question, where virtual bidding can help
but other policy solutions would be required (Hogan, 2014).

The PJM example of the “Small Positions on Low-Risk Paths” (p.
38) is an exception to the paper’s concentration on market design
flaws. However, it is not clear why this is a problem. The PJM
analysis reports that these are transactions with a small expected
payoff but a high variance. These UTC transactions lose a small
amount of money for many periods, but then see a very high payoff
on a few occasions. This would seem to demonstrate that there are
underlying risks that parties might want to hedge against. There is
no claim that this is on average distorting the market. The only
objection appears to be that transactions would have little direct
efficiency effects on the dispatch. But there is no consideration of
the risk allocation effects, and this objection would move the
concern to the efficiency analysis that has not been done.

A large number of day-ahead virtual bids and offers could
present a computational challenge for the unit commitment and
day-ahead dispatch. The nature of security-constrained dispatch
creates a very large number of potential constraints. In real-time,
relatively few of these constraints will be active, and there is a well-
established and manageable procedure for addressing these
constraints. However, as illustrated by the simple equilibrium
model above, many more of these constraints would have positive
expected shadow prices day-ahead. Not all of these constraints
would be active in the day-ahead solution, but it is logical that
many more constraints might be active in the day-ahead solution.
PJM reports that this larger number of binding constraints day-
ahead is their empirical experience (p. 37).

This computational issue has to do with both the total number
and the types of bids. Currently PJM imposes a “soft cap” budget on
the number of individual virtual transactions. This virtual bid
budget rule is an example of connecting the solution more directly
to the problem analysis. Other approaches related to the value of
the bids and offers might be considered. However, changing the
flexibility and efficiency of the market design should be the last
resort in dealing with computational problems, not the first choice
of convenience. For example, reducing the number of bidding
locations is likely to reduce the number of “unique” virtual bids,
but could also produce a substantial reduction in flexibility. By
contrast, limiting the budget for unique bids, but allowing bidders
the flexibility to choose the locations, might be less disruptive to
the market and yet address PJM’s computational concerns.

10.2. PJM recommendations

The PJM recommendations are (1) to align the locations for INCs
and DECs at the locations with actual physical settlements; (2) to
limit UTC at generation buses to be UTC sources only; and (3) to
allocate uplift consistently across the different types of virtual
transactions.

As a group, the PJM recommendations for restrictions on virtual
bidding do not follow from its analysis. For example, the
recommendation to limit virtual transactions to locations where
there are physical settlements would need to be expanded at least
to include all the nodes that are used as sources or destinations for
monthly FTRs. Otherwise, the restriction would undo the intended
market design element that allows FTRs to hedge either day-ahead
or real-time prices. This is part of a related discussion that would
address the FTR model in PJM.

In all the examples that deal with the treatment of “modeling
discrepancies,” the first consideration of analysis and recommen-
dations should be to address the discrepancies. This is not included
in the list of recommendations, but it should be the priority choice
if we are to promote market efficiency. The experience has often
been that failure to address the underlying market design
structure, and its compromises, often leads to unanticipated
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problematic results. It may be that fixing the market design is
impossible, or politically difficult, but this assumption should not
be the default choice or left unchallenged (Hogan, 2002a, 2013).

The limitation of UTCs to be only a source at generation buses
ignores both the value of counterflow and the uncertainty about
the direction of congestion. There is no analysis that connects any
of the PJM examples to this recommendation. If the system
consisted of simple radial connections or congestion was always in
the same direction, then the intuition might apply. But this is not
the case. In effect, this recommendation is the functional
equivalent of prohibiting DEC bids at generation nodes. PJM has
not made such a recommendation, but there is no analysis or
explanation of the choice. The limitation on the direction of UTCs
appears to be no more than another ad hoc way to limit the number
of UTC transactions.

The number and types of virtual transactions can pose a
computational problem. A more direct approach would address
the computational problem by considering further what types and
how many virtual bids could overload the system. Then the
analysis would illuminate how the budget on total offers does or
does not solve the computational problem. The PJM report offers
no theoretical argument about why the computational problem
dictates a need to control the source or destination of some virtual
bids. As it stands, all that the rule for UTCs at generation buses
might accomplish would be to substitute riskier INC and DEC
combinations as the alternative, which could harm rather than
help overall market performance.

Finally, the lack of symmetry in the uplift allocation points to a
deeper problem. The main argument in the present article is that
the cause and effect of energy uplift allocation is a more
complicated matter. There is a prima facie attraction to making
the allocation rules consistent across different types of virtual
transactions. A complete analysis of the costs and benefits of any
uplift allocation to virtual transactions has not been done. As
explained above, the best solution may be simply to eliminate the
allocation of uplift to virtual transactions altogether. The cost
causation argument for uplift allocation is inherently flawed.
Absent cost causation, uplift allocation to the most elastic sources
is exactly the wrong policy. This uplift allocation to virtual
transactions has dramatic effects and is perhaps more harmful
than anything else in reducing overall market liquidity and
efficiency.

11. Conclusion

Virtual bidding is a necessary part of an efficient multi-
settlement system. Implicit virtual bidding is effectively unavoid-
able, and explicit virtual bidding provides a critical component of
efficient electricity market design. Restricting explicit virtual
bidding creates market power for those who can make implicit
virtual bids. Explicit virtual bidding mitigates or eliminates this
market power, provides liquidity, improves price formation, allows
hedging, connects naturally with longer-term financial transmis-
sion rights, helps reveal defects in market design, and on average
should improve system operations. The PJM report provides many
illustrative examples and useful discussions of the benefits of
virtual bidding. However, the discussion arises in a context where
virtual bidding is under attack. By its very nature, the efficiency
benefit of virtual bidding arises from dealing with uncertainty. A
full treatment of uncertainty has not been done, but even a partial
analysis indicates that recommendations for reforms of virtual
bidding and associated cost allocations would go in an entirely
different direction from that appearing in the PJM report.
Maintaining a close connection with the principles of efficient
electricity market design would be necessary to avoid expensive
and unwanted unintended consequences.
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