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Flow-Based Transmission
Rights and Congestion

Management

Combining the advantages of financial and physical rights,
a flow-based transmission reservation approach facilitates
liquidity and efficient risk management.

Hung-po Chao, Stephen Peck, Shmuel Oren, and Robert Wilson

Transmission is playing an
increasingly vital role in the
modern electric power system. The
transmission network is critical for
system reliability and security by
physically connecting geographi-
cally dispersed regions; at the
same time, it enables economies of
scale in generation plants, econo-
mies from pooling diverse
demands and supplies, and econo-
mies from maintenance coordina-
tion. As competition is introduced
through industry reforms around
the world, transmission assumes
new strategic importance in sup-
porting market trading between
individual buyers and sellers.
Despite the widespread experience
of electricity restructuring during
the past decade, important issues

remain unsettled concerning the
best way to organize transmission
to support reliability management
and market trading. Some related
issues are documented in a recent
Federal Energy Regulatory Com-
mission (FERC) order regarding
the formation of regional transmis-
sion organizations.!

Underlying these issues is the
fundamental reality that with the
present technology, electricity mar-
kets are inherently incomplete, and
the real-time dispatch of genera-
tion and transmission resources is
most effectively managed by a cen-
tral system operator. This suggests
the necessity of a hybrid market
architecture with multiple settle-
ments of a sequence of decentral-
ized forward markets and a cen-
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tralized spot or real-time market.
While forward markets generally
promote market competition and
efficient price discovery (ex ante),
the spot market and system opera-
tions are complementary func-
tions, which are coordinated
through the system operator to
ensure system reliability and trans-
parent price settlement (ex post).
Therefore, we consider the scope
of decentralized market trading to
be limited to the forward markets.
Within this framework, alternative
market designs can be differenti-
ated by 1) the comparative scopes
of forward markets and the spot
market, 2) the adjustment mecha-
nism that provides the congestion
management interface between
these two fundamentally different
types of markets and the financial
risk management instruments to
ensure market liquidity, and 3) the
methods for handling the procure-
ment and use of ancillary services.
This article, however, shall focus
on the first two issues and ignore
the issue of ancillary services. In an
unbundled market design, as in
the California power market, the
scope of forward markets is broad,
and the adjustment mechanism is
critical for the overall market per-
formance. In a consolidated design,
as in the Pennsylvania-New Jersey-
Maryland (PJM) power pool, for-
ward markets are of secondary
importance, and the central pool
rules largely obviate an elaborate
adjustment mechanism.?
Central to the issue is the estab-
lishment of a set of tradable
transmission rights. Tradable
transmission rights facilitate
energy trading in forward markets

independent of real-time system
operations. The definition of trans-
mission rights, however, is compli-
cated by the loop flow problem,
which is ubiquitous in intercon-
nected electric power networks.
Basically, the problem is that in an
electricity network, power flows
along parallel paths dictated by
physical laws rather than the con-
tract path, creating widespread
externalities whose complexity
grows with the network size. In

Economic costs
resulting from
market fragmentation
and missing

markets can

be significant.

the absence of an appropriate
mechanism to allocate transmis-
sion capacity, individual traders
are unlikely to take into consider-
ation the effects of power flows that
diverge from the contract path.?
When these traders do not confront
the true opportunity costs of con-
gestion and resistive losses that are
imposed on others, the market out-
come is infeasible or inefficient. The
resulting economic costs from
market fragmentation and miss-
ing markets can be significant.
This article examines ways that a
system of flow-based transmission
rights can be implemented. For
expositional purposes, we follow

the approach proposed by Chao
and Peck.* Essentially, a system of
flow-based transmission rights
builds on the simple principle that
it is desirable to match the sched-
uled transactions and actual power
flows as closely as possible. The
system adopts a trading rule that
embodies the power transfer dis-
tribution factor (PTDF) to translate
the physical effects of each energy
transaction into requirements of
transmission rights and transmis-
sion loss coverage. Chao and Peck®
demonstrate the separation princi-
ple that with flow-based transmis-
sion rights, spontaneous trading in
the separate markets of transmis-
sion and energy can achieve effi-
cient resource allocation and price
discovery. This theoretical predic-
tion is supported by experimental
results conducted in a laboratory
setting.® As the North American
Electric Reliability Council (NERC)
is developing a flow-based trans-
mission reservation and schedul-
ing procedure, we believe that
flow-based transmission rights
will facilitate an efficient market
design that is consistent with the
new procedures proposed by
NERC. In its forward markets for
congestion management, the Cali-
fornia independent system opera-
tor’s procedures for allocating
interzonal transmission capacity
are essentially flow-based.” If the
ISO’s calculation of the flows
implied by its scheduling coordi-
nators’ (SCs) proposed transac-
tions indicates congestion on the
interzonal transmission links, then
it uses the adjustment bids SCs
submitted with their initial pre-
ferred schedules to allocate the
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available capacity among those
valuing transmission most highly,
and for each transfer between
zones it charges a price that is the
marginal cost of the adjustments
required. The ISO also auctions
transmission rights that ensure
priority in scheduling flows on
interzonal links and refunds of
the prices.

I. Basic Principles of
Transmission Rights

Transmission rights are so fun-
damental to an efficient design of
competitive electricity markets
that their definition must be an
integral part of market rules and
should not be designed by private
commercial entities afterward. The
specification of transmission
rights, however, is complicated by
externalities due to loop flows.
Since the actual power flows in an
electrical network observe the
physical laws known as Kirch-
hoff’s Laws, the power flow paths
generally diverge from the
intended delivery paths, known as
contract paths. These parallel
flows, or loop flows, can cause the
apparent costs of running genera-
tors to diverge from the real costs,
and make it difficult to determine
the available transfer capabilities
of the transmission system. This
leads to misalignment between the
private cost and the social cost in
electricity transactions and causes
a potentially costly dislocation of
resources in the power market. The
inability to account for externali-
ties due to parallel flows has been
responsible for the increased use of
transmission loading relief (TLR)

procedures in North America to
ration transmission services.
Increased reliance on these admin-
istrative procedures for curtail-
ments adversely impacts system
reliability.

market-based solution to this

externality problem is to issue

a set of well-defined transmission
rights that internalize these effects. A
market for these rights enables the
external effects associated with a
transaction to be incorporated into

Transmission rights
are so fundamental to
efficient design that
their definition must
be an integral part

of market rules.

private purchasing and sales deci-
sions. In essence, a transmission
right is a property right that allows
its holder to access a portion of the
transmission capacity. Generally, a
property right consists of three com-
ponents: 1) the right to receive finan-
cial benefits derived from use of the
capacity, 2) the right to use the
capacity, and 3) the right to exclude
others from accessing the capacity.
Since the transmission schedule is
centrally controlled, transmission
rights can be defined as any combi-
nation of these three components.
There are three possibilities.

The first possibility is based
solely on financial benefits, and

this is generally known as the
financial-right approach.® Financial
rights—also known as passive
rights>—provide market traders an
instrument for constructing finan-
cial hedges as part of long-term
energy contracts. The second
approach combines financial bene-
fits with capacity reservations or
scheduling priority and is called
the capacity-reservation approach.
For most purposes, this approach
provides adequate assurance of
access to the network. The third
approach includes all three com-
ponents and is known as the
physical-right approach. Paul Joskow
has argued that the right to with-
hold access would contribute to
market power without offsetting
benefits.!” In addition, if the sys-
tem operator is excluded from
accessing withheld capacity, this
approach may reduce system reli-
ability and security. In practice,
however, and in conformity with
FERC requirements, the system
operator must take complete con-
trol of all transmission capacity in
real-time, and thus withholding
can be disallowed. Therefore, we
can safely exclude the third com-
ponent (exclusion) from the defini-
tion of transmission rights.

he definition of transmission

rights depends on how trans-
mission capacity is specified and
measured. There are two common
ways to specify the transfer capac-
ity of the network. One way is to
compute the point-to-point trans-
fer capabilities, and the other is to
specify the power-flow-carrying
capacity for each link of the net-
work. The point-to-point defini-
tion is rooted in what has been
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commonly known as the contract
path approach. However, the
transfer capability between any
two points in a network changes
continuously as the pattern of
power flows shifts; therefore, it
needs to be updated constantly. In
contrast, the capacity of each link
or flowgate is determined by phys-
ical factors associated with the link
(e.g., thermal limit, voltage stabil-
ity, and dynamic stability) and is
generally insensitive to the power
flow pattern. Each power transfer
requires approximately a constant
fraction (known as the power trans-
fer distribution factor) of the capac-
ity of each link in the network.

y combining the options dis-

cussed above, transmission

rights can be defined in four pos-
sible ways: 1) point-to-point finan-
cial rights, 2) flow-based financial
rights, 3) point-to-point capacity
reservations, and 4) flow-based
capacity reservations. For exam-
ple, Hogan introduced a point-to-
point financial right approach that
is now implemented by the PJM
power pool.!! Richard D. Tabors
introduced a form of point-to-
point capacity reservations.'? Chao
and Peck introduced flow-based
transmission rights and devel-
oped a theory that can be applied
to financial rights, capacity reser-
vations, or physical rights.” In fall
1999, the California Independent
System Operator (CAISO) auc-
tioned tradable annual capacity
reservations in the form of “firm
transmission rights” (FTRs) that
included refunds of usage charges
and scheduling priority. CAISO’s
FTRs are flow-based rights defined
on the major links in the transmis-

sion system; however, the power
network in California is aggre-
gated into zones while ignoring
interzonal loop flows. Conse-
quently, CAISO defines FTRs only
on the interzonal links in its trans-
mission network. Presently,
CAISO uses a network model that
appears to be “radial” between the
zones, but its definition of trans-
mission rights and congestion
charges enables looped networks
to be handled as well.™*

Flow is more
fundamental than
point-to-point as

a basis for defining
transmission
rights.

The current debates about trad-
able transmission rights have
focused on the comparative
advantage between the flow-based
approach and the point-to-point
approach.

II. Advantages of Flow-Based
Transmission Rights

Flow-based transmission rights,
or flowgate rights for short, have
several attractive features. The
most important feature is that
flowgate rights can be defined
independently of the pattern of
power flows. The feasible quan-
tity of flowgate rights on each link

is not sensitive to the topology of
the network or to varying load
conditions. The market value of
such rights varies, of course, but
the physical availability of trans-
fers does not; hence, the quantities
of available rights do not need to
be frequently re-evaluated with
respect to simultaneous feasibility
constraints (as in the PJM power
pool) and they are, therefore, rela-
tively stable over time. Essen-
tially, each point-to-point right is
equivalent to a portfolio of flow-
gate rights, but a flowgate right
cannot be decomposed into point-
to-point rights in general. There-
fore, flow is more fundamental
than point-to-point as a basis for
defining transmission rights. In
addition, since flowgate rights are
more specific to transmission
assets, they are more tangible to
the owner, providing investment
incentives to those who might
build transmission.

The flow-based specification of
transmission rights is consistent
with the existing NERC protocols
for transmission load relief (TLR)
and with the direction of the cur-
rent NERC proposals for transition
to a flow-based alternative that
would align transmission reserva-
tions and energy schedules to
actual flow and existing transmis-
sion loading relief procedures.'
Both the current and proposed
protocols rely on calculation of
flows on congested flowgates
using distribution factors derived
from physical laws. Defining
rights directly in terms of link
capacity simplifies the process of
curtailing transactions, or eco-
nomic settlements among transac-
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tions competing for capacity on
congested flowgates. Furthermore,
the PTDF calculations that underlie
the TLR protocols can also be used
to calculate congestion charges and
financial payoffs to rights from
nodal or zonal prices.

his is also essentially the

mechanism that CAISO uses
when it manages interzonal con-
gestion on its system. The “flow-
gates” are defined as the inter-
zonal links in the transmission
system, with flow limits and
capacity rights defined on these
links. The PTDF are implicit in the
admittance matrix of the DC
power flow approximation used
to calculate the flows that each
scheduling coordinator’s transac-
tions would place on each inter-
zonal interface. CAISO adjusts the
SCs’ schedules to allocate avail-
able capacity to those valuing it
most, and sets the Congestion
charge for use of an interzonal
link to the marginal value of
capacity on that link. Because of
the compromises that led to the
California power market’s struc-
ture, CAISO does not charge for
marginal transmission losses.
Each generator is responsible for
supplying its locational share of
the “scaled marginal losses,” so
marginal losses are not included
in the congestion charges nor in
the definition of FTRs.'

An important feature of flow-
gate rights is that only congested
links require financial settlement.
In a congested meshed network
even one congested link will cause
each pair of zones or nodes to
have different prices, and there-
fore require financial settlement of

each point-to-point right. By con-
trast, when rights are defined in
terms of flowgate capacity, only
rights corresponding to the con-
gested flowgates are entitled to
financial compensation. Typically,
the number of flowgates prone to
congestion is relatively small com-
pared to the number of nodes;
hence, in a flow-based system the
number of rights needed to pro-
vide each user the ability to hedge

against commercially significant
congestion risk and secure sched-
uling priority is relatively small.
Keeping the number of forward
instruments small enhances mar-
ket liquidity and improves effi-
cient trading of risk management
contracts. Moreover, once the
prices of flowgate rights are
known, it is straightforward to
derive nodal energy prices from
the hub price. But the converse
may not be true. The nodal prices
alone do not provide sufficient
information to determine the flow-
gate prices. Therefore, flowgate
rights offer greater price transpar-
ency than point-to-point.

Another important feature of
flowgate rights is that they can
be issued by the ISO as options
and their values are never nega-
tive. If the flowgate for which a
right has been issued is not con-
gested in the direction correspond-
ing to the right, then the right has
no value; however, under no cir-
cumstances will its holder be liable
for payment. Consequently, flow-
gate rights entitle holders to shares
of the congestion revenue on the
corresponding flowgate (if it is
congested), but they do not entail
any financial liability if its holder
does not produce physical flow
that matches the right. By contrast,
point-to-point rights can resultin a
financial liability that can only be
offset through a physical transac-
tion that matches the right. In
other words, a point-to-point right
can have a negative value, which is
quite prevalent in a meshed net-
work with loop flow. The nonnega-
tivity of flowgate rights stems from
the fact that they represent a for-
ward contract entitling (but not
obligating) their holder to enjoy a
physical characteristic of a trans-
mission line—its ability to carry
flow in a given direction. A point-
to-point right, on the other hand,
can be viewed as a portfolio of
“short” and “long” link-based for-
ward contracts needed to support
a point-to-point transfer of power
as determined by the PTDF. Such a
portfolio can have either positive
or negative value.

Underwriting point-to-point
rights that have negative value
poses commercial complications,
yet is essential for fully hedged uti-
lization of the network capacity
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because the number of rights that
can be issued between different
pairs of nodes are interdependent.
In other words, the trading poten-
tial between two points may be
greatly diminished unless a point-
to-point right with negative value
is underwritten. On the other
hand, the available number of
flowgate rights on a link is deter-
mined only by the contingency-
adjusted flow constraints on that
link independently of the rest of
the network.
Aother advantage of the flow-
based approach occurs in
the context of transmission conges-
tion relief protocols across multi-
ple control areas, as suggested in
Cadwalader et al. and Oren and
Ross.'” There is general agreement
that a market process for inter-
regional transmission load relief is
desirable, and indeed NERC is
moving in this direction. In such a
scheme, a flow-based approach
enables a control area operator to
account for the economic impact of
transactions on other control areas
due to loop flows.

To illustrate our points, see the
simple example in Figure 1. In
this network, we assume that
nodes 1 and 2 are supply nodes
and that node 3 is a demand node,
which is selected as the hub. The
transmission capacities for lines
(1,2), (1,3), and (2,3) are 100 MW,
300 MW, and 220 MW, respec-
tively.!® For expository purposes,
it is assumed that these transmis-
sion lines have identical electrical
characteristics (i.e., line imped-
ance) and, initially, that transmis-
sion losses are negligible. The
power flows always follow Kirch-
hoff’s laws, which imply for the
present case that for any amount
of power transferred from node 1
to node 3, two-thirds of it flows
directly through link 1 - 3, and
the remaining one-third flows
through links 1 -~ 2 and 2 - 3.
Similarly, for power transferred
from node 2 to node 3, two-thirds
flows on link 2 - 3 and one-third
flows onlinks 2 -~ 1and 1 - 3.

Under a point-to-point approach,
this setup calls for two types of
transmission rights: TR1 from

R ]

Figure 1: A Simple Three-Node Network

> MW

node 1 to node 3 (the hub), and
TR2 from node 2 to the hub. (There
could also be TRs in the reverse
direction but the demand for such
TRs in this case is purely specula-
tive.) Figure 2 illustrates (as the
shaded area) all the possible com-
binations of TR1 and TR2 that
would meet the simultaneous fea-
sibility constraints under the
assumption of a lossless DC
approximation.
First, we observe that it is
impossible to issue quantities
of TR1 and TR2 that are indepen-
dent of each other. In Figure 2, it
appears feasible to issue 300 MW
of TR1 and 300 MW of TR2, if they
are considered separately; how-
ever, when these two types of
transmission rights are issued
simultaneously, the combination
violates the capacity of line 2 - 3.
Second, to ensure that the TRs
give the holder the right to exer-
cise them (and obtain a payoff)
only when the payoff is positive,
but not the obligation to use them
when the payoff is negative, the
number of TRs must be limited to
no more than 300 MW for TR1,
and similarly for TR2. To see this,
suppose that 350 MW of TR1 is
issued; then a minimum of 50 MW
of TR2 must be exercised to
ensure feasibility, and the exercise
of TR2 becomes an obligation.
This implies that the price of TR2
could be negative. This negative
price entails an obligation for the
holder of TR2 to pay for counter-
flow and could increase the cost of
implementing a property right
system. On the other hand, if
prices must be kept nonnegative,
the issuance of transmission
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TR2

320 MW

300 MW

100 MW

20 MW

» TRI

300 MW

400 MW

Figure 2: Simultaneous Feasibility Condition for Point-to-Point Transmission Rights of

Network in Figure 1

rights must be limited, and the
transactions cannot be fully
hedged. This suggets that, a
point-to-point transmission-
rights system is inherently limited
and cannot fully support a
decentralized market design.
A flow-based transmission
rights system does not have such
limitations.
However, in a longer-term
context in which the grid
configuration and the PTDFs are
likely to change due to new invest-
ments in transmission, point-to-
point rights for firm transmission
between locations in a looped grid
raise more fundamental issues.
The basic consideration is that a
transmission right defined point-
to-point includes insurance
against changes in the grid config-
uration and resulting changes in
the PTDFs. That is, since it is
defined independently of the grid
topology, such a transmission
right includes what might be

called “PTDF insurance.” If PTDE-
insured transmission rights were
issued for a duration of several
years in an era when the grid
topology is likely to change signif-
icantly, the cost to other market
participants or to the ISO of fulfill-
ing the obligations inherent in this
insurance could be very large, and
might have a substantial impact
on the ISO’s uplift charges in later
years. Even if those investing in
new generation might benefit sub-
stantially from multi-year PTDF-
insured transmission rights, it
seems clear that these benefits,
costs, and risks must be assessed
carefully in the context of a gen-
eral plan for how the (potentially
higher) revenues from auctioning
PTDF-insured transmission rights
would be allocated among market
participants. With a flow-based
approach, however, there may be
economic incentives for private
commercial entities to develop
point-to-point hedging contracts

that include PTDF insurance. This
is an unresolved issue requiring
further research.

III. A Competitive Electricity
Market Design

This section describes in non-
technical language the basic design
of a wholesale market for electric-
ity with a flow-based transmission
rights system. First, one should be
aware that each market design is in
essence a creative contrivance,
entailing intricate interactions of
economic incentives and technical
requirements. No matter how
compelling the arguments may be,
a market design should be care-
fully evaluated and tested in light
of overall design objectives before
implementation. There are at least
five important factors worth
serious consideration:

® System reliability

® Market efficiency

¢ Congestion management

® Market power mitigation

¢ Investment incentives

One of the immediate objectives
of market design is to ensure sys-
tem reliability. In the short term,
keeping the lights on is commonly
viewed as the most important indi-
cation of a successful restructur-
ing. In the long run, market com-
petition is expected to improve
reliability through financial incen-
tives. Overall, improvement in
market efficiency is the primary
objective of market design. How-
ever, with a poor implementation
plan, electricity markets may lack
liquidity during the transition,
yielding erratic price swings; or
become fragmented, resulting in
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restricted trading opportunities.
Congestion management is critical
to ensure efficient utilization of
transmission capacity, thereby
improving liquidity and reducing
fragmentation. Electricity markets
are particularly prone to local mar-
ket power. With a sound design,
the market can avoid traps of
“load pockets,” or remove “cor-
ners” that enable manipulative use
of market power. Finally, an
important goal of competition is to
obtain accurate price signals and
investment incentives to guide
transmission expansion.

Several significant features that
distinguish the electricity industry
from others contribute to the struc-
ture of market institutions:

® Nonstorability

® Intertemporal and random
variability of demand

® Necessity of balance in
an interconnected transmission
network

® Direct connections to
customers

® Capital intensity and econo-
mies of scale

The demand for electricity varies
continuously and unpredictably
from hour to hour, day to day, and
season to season. Practically, how-
ever, electricity cannot be stored.
In an interconnected network, the
demand and supply of electricity
must be balanced instantaneously
over time at every point of the net-
work to maintain frequency, volt-
age, and system stability, and to
avoid power outages. Unlike other
types of networks, electricity in an
AC electric transmission network
flows in directions determined by
physical laws rather than by con-

tracts, and therefore is more diffi-
cult to control. A local variation of
demand or supply of electricity
affects power flows throughout the
interconnected network. An equip-
ment failure in one part of the net-
work can cause the entire system
to collapse. Efficiently meeting a
new demand may involve coordi-
nated adjustments of generators
located far from the source of the
demand. Therefore, the transmis-

sion system does not provide a
simple physical connection
between electricity generation and
consumption facilities; it also
involves active coordination of
generating units dispersed
throughout the network to meet
variations in demand and supply.
Due to these technical charac-
teristics, electricity markets
are inherently incomplete. The
centralized organization afforded
under the traditional structure of
vertical integration facilitated the
essential task of coordinating effi-
cient system operation and balanc-
ing the supply and demand of
electricity continuously in

response to changing system con-
ditions. The challenge now is to
design a market organization that
can accomplish system coordination
in transmission without compromis-
ing the opportunities for market
competition in energy. This article
focuses on the basic market architec-
ture consisting of a set of decentral-
ized forward markets that are sepa-
rate from a centralized spot or real-
time market conducted by a system
operator, whose main responsibility
is to manage the system operations

and reserves to maintain reliability.?’

A. Forward Markets

Among the myriad of possible
organizational forms for forward
markets, the ones most common in
commodities markets are bilateral
exchanges. Those organized as
“rings” or “pits” depend on oral
outcry of bids and asks (usually
by brokers acting for traders),
whereas others use computerized
bulletin boards to post offers.
Those that depend on market
makers to establish prices are con-
ducted by specialists who clear
orders from a book, or by dealers
who post bid and ask prices. Mar-
ket makers are usual where it is
important to sustain intertempo-
ral continuity of prices and reduce
volatility, and typically they trade
for their own accounts and main-
tain inventories. Market makers in
the energy industries often play an
important role reconciling differ-
ences among short- and long-term
contracts, and more generally pro-
viding a variety of contract forms
and auxiliary services, but rarely
can one take an exposed position
or accumulate inventories.
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Compared to the other organiza-
tional forms, the most salient dis-
tinction of bilateral markets is the
continual process of trading, with
contract terms and prices unique
to each transaction. The experi-
mental and empirical evidence
indicates that, in general, bilateral
markets are not less competitive
or efficient than exchanges or
pools, but often they are less
transparent and prices are more
widely differentiated. Among
those with market makers, fur-
ther distinctions are “product dif-
ferentiation” represented by the
variety of contracts and terms
tailored to individual customers,
and maintenance of some degree
of price continuity.

Exchanges represent another
important organizational
form that complements bilateral
markets for forward trades. A
power exchange is a central market
that establishes a uniform clearing
price for standardized contractual
commitments. It offers several
advantages and also brings some
disadvantages compared to bilat-
eral markets. The uniform clearing
price has some minor potential to
realize the last iota of the gains
from trade, but often the motives
are more practical.?! For a critical
commodity like electricity, there is
also a perceived advantage in
establishing an official exchange
with minimal transaction costs,
open access for all traders, trans-
parency that enables regulatory
and public scrutiny, and counter-
vailing power against private mar-
ket makers with influence suffi-
cient to extract some portion of the
potential rents. The disadvantages

lie in reliance on restrictive con-
tract forms and inflexible proce-
dural rules. Further, if the gover-
nance structure is inadequate, there
is potential to impose restrictive
procedures that are more conve-
nient for administrators than
traders. In addition, most
exchanges rely on private bilateral
markets for auxiliary services
such as financial contracts to
hedge prices. Exchanges for con-

tracts with terms longer than day-
ahead are usually thin and illig-
uid, so they may be confined
mostly to short-forward transac-
tions with some supplemental
provisions for bilateral trading of
longer forward contracts.

A primary consideration to
ensure the independent operation
of forward markets is a proper defi-
nition of transmission rights. These
rights define not only the spatial
dimension of the commodity
traded but also the transaction
terms. To assure full independence
of forward markets, these transmis-
sion rights should initially be dis-
tributed through annual auctions

so that they can be traded along
with energy in forward markets.

B. Flowgate Rights

Flowgate rights (FR) grant the
holder a capacity reservation or
scheduling priority for using spe-
cific transmission links or flow-
gates. The numbers of these rights
required to complete each transac-
tion are determined by a trading
rule based on the power transfer
distribution factors derived from
Kirchhoff’s laws. Essentially, these
transmission rights are defined in
such a way that they track the pre-
dicted physical flows of power on
transmission links or flowgates.
The total number of rights issued
for each flowgate is determined by
the flowgate capacity. Since the
flowgate capacity does not depend
on the entire network configura-
tion, the number of rights issued
can be relatively stable over long
periods of time, even though their
market value and the number of
rights needed to fulfill a transaction
could vary with the flow pattern
and the network configuration.

he holder of a transmission

right can use the right by
scheduling power transactions;
otherwise, the scheduling priority
expires and the right reverts to the
system operator, as required by
FERC rules. Therefore, these trans-
mission rights differ from physical
rights in that they cannot be with-
held to prevent others from access-
ing the unused transmission
capacity. In practice, we may
assume that by design, the terms
(at least, the scheduling priority) of
all unused transmission rights
expire when the forward markets
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close and the spot market begins.
In other words, the system opera-
tor can take full advantage of the
unused network capacity for real-
time dispatch. In this way, there
are no financial incentives for
traders to withhold transmission
rights, nor to exercise market
power using transmission rights in
forward markets.

The trading rule can be viewed
as a codification (albeit an approxi-
mate one) of the impacts of an elec-
tric power transaction on the phys-
ical flows throughout the network.
The codification need not be pre-
cise for the market mechanism to
capture most of the potential bene-
fits of market competition. The dif-
ference between the estimated
power flows based on the rule and
the actual flows can be reconciled
in the spot market.

As mentioned above, these flow-
gate rights can be interpreted as
physical rights that cannot be
withheld, or equivalently as finan-
cial hedges with assigned schedul-
ing priority. The first interpreta-
tion is closer in spirit to the
traditional definition of tradable
property rights, which emphasize
price determination through mar-
ket trading. This definition is com-
patible with a system operator
whose role is limited to prescrib-
ing trading rules that specify the
number of rights that are needed
to support any bilateral energy
trade and to monitoring compli-
ance with these trading rules. The
latter definition is compatible with
the current operational regime
where real-time congestion is
relieved through central dispatch
of out-of-merit generators or

energy adjustment bids, whereas
the transmission rights define a
financial entitlement to sharing
congestion revenues. Under a sys-
tem of flow-based rights, energy
transactions can be hedged
against congestion risk by acquir-
ing a portfolio of flow-based rights
that replicates the flow induced by
the transaction according to the
power transfer distribution fac-
tors. In reality, only rights on

congestion-prone flowgates will
be actively traded and traders
will hedge most of the congestion
risk by acquiring rights on the
congestion-prone flowgates that
carry the bulk of their flows.

It is important to note that trans-
mission rights provide the holders
both a financial hedge and sched-
uling priority for power transfer
across the network. A power con-
tract with full coverage of trans-
mission rights for all the links
required by the trading rule is pro-
tected by its scheduling priority on
every transmission link or flow-
gate; thus it constitutes a firm con-
tract. In practice, only a relatively

small number of links are likely to
become congested. A power con-
tract with a partial coverage of
transmission rights on these links
is practically firm, but there is
always a risk that the uncovered
links might become congested in
the spot market.

The scheduling priority bundled
with the financial right takes effect
when real-time congestion cannot
be fully resolved via energy adjust-
ment bids due to insufficient bids,
or when ties and schedules must
be curtailed through a rationing
scheme. In such situations a finan-
cial right with scheduling priority
has the force of a physical right.
However, since scheduling prior-
ity can only be claimed by sched-
uled transactions, withholding
of capacity by owners of such
priority is impossible.
Combining the advantages

of both financial and physi-
cal rights, the flow-based transmis-
sion reservation approach
described above facilitates liquid-
ity and efficient risk management.
Like physical rights, the flowgate
rights are tradable under stable
market rules, and therefore pro-
vide incentives for innovative con-
tracting. Like financial rights, flow-
gate rights give the system operator
full scheduling flexibility in real-
time operations, while enabling
traders in forward markets for
energy to secure physical delivery
without the threat of transmission
withholding. Incidentally, this fea-
ture removes the market power
problem for transmission in for-
ward markets while providing sys-
tem operator additional flexibility
in real-time dispatch.
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B. The Spot Market

The spot market is structurally a
residual market settled after all the
forward transactions of energy and
transmission rights are closed. The
system operator is obligated to
implement the transactions con-
cluded in forward markets and
then manage spot trades along
with adjustment bids and reserves
that are needed for unexpected
congestion or imbalance condi-
tions. All trades in the spot market
are settled ex post at a uniform
market-clearing price. In calculat-
ing the spot prices for energy and
transmission rights, the system
operator performs centralized
optimization of power flows and
schedules that takes account of
capacity availability, minimum
generation requirements, ramping
rates, transmission constraints and
losses, as well as contingency
requirements.? The spot prices are
obtained as the “shadow prices”
on a system balance constraint in
an optimization program, which
takes as input information from
1) the offers and bids from spot
traders, 2) the adjustment bids, and
3) the reserves price schedules.”> An
apparent advantage of centralized
system operation is the capability to
closely coordinate activities in these
three complementary areas.

The spot market provides an
important adjustment mechanism
linking the decentralized forward
market and the centralized real-
time operation. The real-time dis-
patch may deviate from the con-
tracts traded in the forward market
for at least two reasons. First, the
trading rule may be based on an

approximation of the physical sys-
tem. Second, uncertain events (e.g.,
loss of generation units or trans-
mission lines, or higher demand
than anticipated) may occur after
the forward market is closed. The
adjustment mechanism can be
viewed as mutual insurance that
ensures reliability as well as effi-
ciency. The system operator acts as
the adjuster, settling payments
among the market participants.

The basic objective is to ensure the
integrity of forward market trad-
ing and real-time system opera-
tion. Ideally, priority insurance
offered through franchise auction
would be an adjustment mecha-
nism that offers the system opera-
tor both the flexibility and incen-
tives to enhance system reliability
and efficiency.?*

In the spot market, all unused
transmission rights, even if
honored financially, lose the privi-
lege of scheduling priority.” The
financial settlements for these
rights are based on the system
operator’s security-constrained
optimal dispatch computation.

Instead of the settlement being
based on nodal price differences as
with point-to-point rights, the
flow-based rights are settled
according to the computed
“shadow prices” on the congested
links, which are mathematically
related to the “nodal prices.” These
shadow prices define the marginal
values to the system of an incre-
mental unit of capacity on the cor-
responding interface (the shadow
price on an uncongested interface
is always zero); hence, the shadow
price determines the congestion
charge to transactions creating
flow on that interface (in propor-
tion to the flow), the payment per
MW of transmission reservation,
as well as the payment to out-of-
merit generators producing coun-
terflow on the congested flow-
gates. From a practical point of
view, it may be more convenient to
set congestion charges to transmis-
sion users and payment to genera-
tors for counterflow on a point-to-
point basis while using the link
shadow prices for the flow-based
rights settlements. Such an
approach has some important
advantages and it is the basis for
the way California settles charges
for congestion.*

The above construction can
accommodate a broad range of
market design options in which the
degree of decentralization is largely
determined by the span of the for-
ward markets for energy and trans-
mission rights relative to that of the
spot market. An unbundled market
design will be conducive to large
and active forward markets, while
a consolidated market design is
likely to be dominated by the spot
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market with limited use of tradable
transmission rights.

IV. A Numerical Example

To illustrate how the basic prin-
ciples work, we consider a simple
numerical example. We assume a
market structure with two separate
institutional entities: a system
operator (SO) and a power
exchange (PX). Basically, the SO
manages the central dispatch and
spot market, while the PX facili-
tates the forward markets. In the
centrally coordinated dispatch
process, the SO continually bal-
ances electricity supply and
demand requirements by schedul-
ing generation to meet electricity
demand. In real-time, all electricity
must be traded through the spot
market. Using the submitted offers
and bids, the SO calculates a mar-
ket clearing spot price to match
supply and demand for each hour
period during the day.

Energy and transmission rights

are traded in forward
markets. The transmission rights
are initially distributed through
annual auctions. SO may maintain
flowgate right reserves to meet
contingency conditions and to
avoid infeasibility in local markets,
which may lead to cornering and
market power.

We consider a simple six-node
transmission network without
transmission losses. As shown in
Figure 3, the network is divided
into two interconnected zones:
North and South. The northern
zone, which consists of nodes 1, 2,
and 3, and the southern zone,
which consists of nodes 4, 5, and 6,

125 MW (1)

125 MW (D)

125 MW (1)

200 MW (2)

125 MW (1)

250 MW (2)

Flowgate capacity = 340 MW

125 MW (1)

A 125 MW (1)

Figure 3: A Six Node Electric Network (Numbers in Parentheses Represent the

Impedance of the Line)

are connected through two trans-
mission interties 1-6 and 2-5. We
assume that nodes 1, 2, and 4 are
supply nodes, and nodes 3, 5, and
6 are a demand nodes. The physi-
cal transmission capacities for
interties 1-6 and 2-5 are 200 MW
and 250 MW, respectively.

System security necessitates
additional constraints on power
flows. We assume that based on a
contingency analysis, the total
power flows must not overload
these lines in the critical event of
losing 110 MW of line capacity. To
meet this security constraint, a
flowgate is shown in Figure 3.
Then the security constraint can be
characterized as a nomogram with
a maximum flow constraint of 340
MW on this flowgate. In other
words, as long as the total flow on
these two lines does not exceed 340
MW, the system can survive the
contingency of losing 110 MW line
capacity.

Aset of transmission rights can
be defined to track the
power flows in each direction of

every line or flowgate. Therefore,
there is a maximum of 18 flowgate
rights that the SO may demand to
execute transactions. Holding one
of these rights implies the schedul-
ing priority for transferring power
in a specific direction on a con-
gested link or flowgate. An impor-
tant feature of power systems is
that power flows in opposite direc-
tions on a line will offset each
other. This bi-directional nature of
the power system is recognized in
our definition of transmission
rights. We designate node 6 as the
hub. The power transfer distribu-
tion factors can then be estimated,
and some are illustrated in Table 1.

A. Forward Markets for Energy
and Transmission Rights

As mentioned above, there are
many possible organizational
forms for forward markets. To
illustrate how the process may
practically work, we consider a sit-
uation where the trading of energy
and transmission rights takes place
in an exchange using simultaneous
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Table 1: Power Transfer Distribution Factor of Network Shown in Figure 3

Selected Link/ Power Injected Power Injected Power Injected Power Injected Power Injected

Flowgate at Node 1 at Node 2 at Node 3 at Node 4 at Node 5
1.6 0.625 0.5 0.5625 0.0625 0.1250
2.5 0.375 0.5 0.4375 —0.0625 —0.125
1-3 0.125 —0.1667 —0.5208 —0.0208 —0.0417
N-S 1 1 1 0 0

multiple-round auctions,” though
continuous bilateral trading
through brokers is allowed. The
flowgate rights are initially sup-
plied through annual auctions.
These rights can be traded freely in
forward markets. In addition, trans-
actions that produce counterflows
can also supply flowgate rights,
though these transactions need to
be covered by other flowgate rights.
To ensure reliability, the system
operator may purchase flowgate
rights for transmission reserves.
Athe beginning of the auction,
the buyers and sellers tend
to behave conservatively—submit-
ting low purchase bids and offer-
ing high selling prices.?® This is
equivalent to the buyers understat-
ing their marginal benefits, while
the sellers overstate their marginal
costs. Table 2 shows the specific
assumptions about the demand

and supply functions and the ini-
tial bids of the price and the elec-
tricity output (g in MW).
Suppose that according to the
system operator’s forecast,
only the flowgate N - S is likely to
be congested. Therefore, the sys-
tem operator will require only
flowgate rights N - S for all the
trades from north to south in order
to set the schedule for the next day.
Note that the total supply of flow-
gate rights is not fixed, because
energy traders can produce flow-
gate rights for N — S by generating
counterflows from south to
north.?’ The initial offers for the
transmission rights are summa-
rized by a linear function (5/48)q.
An optimal power flow model is
employed to compute the quanti-
ties of power generation and
demand that are committed each
round using the energy and trans-

Table 2: Assumed Market Demand and Supply Functions for the Example

Node Function Type Actual Function Initial Bid

1 Marginal cost of supply 10 + 0.05¢ 20 + 0.05¢q

2 Marginal cost of supply 15 + 0.05¢q 25 + 0.05¢q

3 Inverse demand function 37.5 - 0.05¢q 27.5 — 0.05¢q
4 Marginal cost of supply 42.5 + 0.025¢q 52.5 + 0.025¢q
5 Inverse demand function 75 —01q 65 — 0.1q

6 Inverse demand function 80 — 0.1qg 70 — 0.1¢q

mission bids as input data. The
market clearing prices at different
nodes represent the revealed mar-
ginal cost and willingness-to-pay
at those nodes. For example, the
market clearing price at node 1 is
$20/MWh + 0.05g. Table 3 shows
the results of the first round of auc-
tion assuming that the marginal
price for transmission rights is
$25/MWh. According to the
modeling results, the generators
at node 1 will commit 170 MW
for a price of $28.5/MWh

[20 + (0.05)(170) = 28.5] and the
buyers at node 6 (the hub) will
take 165 MW at a price of $53.5/
MWh [70 — (0.1)(165) = 53.5]. The
buyers at node 3 take nothing for
the moment because their maxi-
mum bid, $27.5/MWHh, is higher
than $28.5/MWh. Table 3 also
shows the physical flows of the 240
MW sale across the flowgate

N - S, according to the DC-flow
approximation of Kirchhoff’s
Laws. Based on these results,

the network is not actually con-
gested because the flows on each
line are less than the correspond-
ing line’s capacity.

In auctions, bidders rarely vol-
unteer private information. In this
example, we examine the implica-
tions of these interim results based
on the true demand and supply
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Table 3: Results of the Initial Round
of Auction for the Example

Price Quantity

Location ($/MWh) (MW)
Node

1 28.5 170

2 28.5 70

3 28.5 0

4 53.5 40

5 53.5 —-115

6 53.5 —165
Link/Flowgate

1.6 129.4

2-5 110.6

N-S 25 240

functions that are given. The
potentially profitable output hid-
den at node 1 is calculated by
examining the final-round offer-
ing at node 1. At the price of
$28.5/MWHh, the potentially
profitable output there is 370 MW
[10 + (0.05)(370) = 28.5]. This fig-
ure is 200 MW higher than the
accepted offers in round 1. Simi-
larly, the hidden demand at node 6
is 265 MW, which is 100 MW
higher than the accepted bids in
the initial round. Hence, a lower
selling price than that offered in
round 1 would lead to the sale of
more power. In effect, this high
price in the initial round puts
pressure on the suppliers to lower
the offered price and the demanders
to raise their bids. At the same
time, there is apparent pressure
for the owners of flowgate rights
to lower their asking prices, since
there are still 100 MW of unsold
flowgate rights.

The simultaneous bidding pro-
cess of energy and transmission

rights tends to converge to com-
petitive equilibrium, until profit-
able trading opportunities are
exhausted.*® By encourage seri-
ous bids, well-designed market
activity rules can expedite effi-
cient price discovery.3! At equi-
librium, there are two zonal
prices, and no profitable arbi-
trage opportunities remain.
Table 4 shows the equilibrium
result in which flowgate N - S
is congested with a price of
$22/MWh. Selling electricity from
the north to the south yields
$48.5/MWh in revenue but costs
$26.5/MWh for the electricity at
node 1 plus $22/MWh for the
transmission charge.
Considering transmission
losses complicates the pro-
cess. The above trading rule can be
refined so that market trading
incorporates both transmission
congestion cost and transmission
losses.? Transmission line losses
depend on the square of the power

Table 4: Results of the Final Round
of Auction for the Example

Price Quantity

Location ($/MWh) (MW)
Node

1 26.5 330

2 26.5 230

3 26.5 —220

4 48.5 240

5 48.5 —265

6 48.5 -315
Link/Flowgate

1-6 179.4

255 160.6

N-S 22 340

transmitted, and thus the marginal
loss increases with the power flow
on the line. In this case, each new
electricity transfer could affect the
distribution of transmission losses
throughout the entire network,
and thus affect the losses other
users of the transmission system
sustain. To achieve economic effi-
ciency, and thus the appropriate
dispatch of generation and use of
electricity, traders must pay for
marginal transmission losses as
well as congestion. Since marginal
transmission losses are generally
approximately twice as high as
average transmission losses, a new
type of economic rent is created,
and an allocation rule is needed.
In this case, the trading rule is
augmented by specifying the
compensation for average power
losses and allocation of economic
rent associated with the trans-
mission losses.

B. The Spot Market

Ahighly desirable feature of the
spot market is to provide a trans-
parent price determination and
settlement process that supports
flowgates rights in forward mar-
kets. Suppose that in the spot
market, the system operator
adopts the locational marginal
pricing rules to process incremen-
tal or decremental bids for
changes in electricity supply and
demand. We illustrate how this
works with a scenario in which
the actual load at node 3 unex-
pectedly rises to 240 MW, 20 MW
higher than the scheduled level.
We assume that the demand can-
not respond to price signals in the
short run due to limitations in
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communication capability. There-
fore, an adjustment is needed to
maintain the system in balance.
The adjustment bids can be drawn
from a forward reserve auction or
a spot market auction. For sim-
plicity, we assume that the adjust-
ment bids are mainly drawn from
spot market bids, and that these
bids are the same as the true sup-
ply functions in Table 2.3

Table 5 displays the results of an
optimal redispatch for the sce-
nario. We assume that the trading
of flowgate rights on link 1 - 3 in
the forward market yielded a zero
price, but as a result of the unex-
pected demand increase, the real-
time flowgate price rises to $10/
MWh. Note that the generation at
node 1, the low-cost supply, is
reduced by 19.3 MW, while the
generation at node 2, the expensive
supply, is increased from 39.3 MW.

This counterintuitive result is
caused by the congestion on link

1 - 3. The reason is that each MWh
of generation at node 1 would
increase power flows on link 1 - 3
by 2/3 MWHh, while generation at
node 2 creates only one-half the
power flow on link 1 — 3 as genera-
tion at node 1. Therefore, the opti-
mal way to meet the higher load at
node 3 is to produce more from the
expensive source and less from
the low-cost supply. As a result,
the prices become dispersed in the
northern zone. The spot price at
node 1 drops to $25.5/ MWHh, the
price at node 2 rises to $28.5/
MWh, and the price at node 3 rises
to $32/MWh, which includes the
congestion charge for link 1 - 3.3
The payments for individual incre-
ments and decrements are calcu-
lated on the basis of these spot

prices. Under this scenario, the net

Table 5: The Result of Spot Market Adjustment in the Example

Forward Market Spot Market Adjustment
Supply/ Supply/ Increment/
Demand Price Demand Price  Decrement Payment
(MW) ($/MWh) (MW) ($/MWh) (MW) ($/hour)
Node
1 330 26.5 310.7 25.5 -19.3 —493
2 230 26.5 269.3 28.5 +39.3 1118
3 —220 26.5 —240 32 -20 —640
4 240 48.5 240 48.5 0 0
5 —265 48.5 —265 48.5 0 0
6 -315 48.5 —315 48.5 0 0
Link/Flowgate
1.6 179.4 184.5
2-5 160.6 155.5
1-3 123.5 0 125 10 1.5 15
N-S 340 22 340 21.5 0 0
Total 0 0

adjustment payment is zero, as
shown in Table 5.

Similar adjustments can be made
for other uncertain events, such as
derating of line capacity and
changes in power transfer distri-
bution factors, as long as it is pre-
determined who will assume the
financial consequences, the rights
holder or the SO.** In general,
however, such adjustments need
not be revenue-neutral.

V. Discussion

Some objections have been
raised against a flow-based
approach. In a generally positive
article in The Electricity Journal,
Steven Stoft was skeptical that this
approach could be implemented in
a decentralized manner.* To sup-
port his skepticism, he adduced
two arguments.

First, Stoft explained that the
tradable transmission right
approach is complex. When one
trader seeks to buy the transmis-
sion rights to support a trade, Stoft
stated that the trader must buy
some rights on every line in the
network. Stoft suggests that this
trading requirement seems much
more burdensome than the com-
peting approach of nodal pricing
developed by Hogan.¥” Stoft cited
Chao and Peck: “a potential disad-
vantage with the above market
mechanism is its apparent com-
plexity, because there could be a
large number of transmission capac-
ity rights in a real network, and thus
the information-processing cost
might be too high, rendering the
approach impractical.”38
Second, and more important to
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Stoft, was the issue of market
power. If any one person owns all
of a transmission line, Stoft
explained, that owner possesses a
monopoly over all users of the
grid. Thus every bilateral trader
that seeks to make one trade will
be faced with the need to buy
thousands of transmission rights,
with each one purchased from a
monopolist.

To mitigate the market power
issue, Stoft suggested two
options. First, universal divestiture
could be required so that no trans-

mission owner possesses more
than 20 percent of any line. Stoft
noted, however, that residual prob-
lems might remain because the
demand for minor lines would be
inelastic, and even diffuse owners
might increase prices. Alternatively,
Stoft suggested that line owners be
required to sell the entire capacity
of each line. Ultimately uncon-
vinced by his own counterargu-
ments, Stoft concluded, “a decen-
tralized market may not be the
only goal worth pursuing.”

A. A Practical Implementation
of a Flow-Based Approach

To address the above reserva-
tions, we now describe how a
flow-based approach might be
implemented practically. There
would be five key steps:

¢ All flowgate rights will be ini-
tially distributed through annual
auctions, like the one conducted in
California.

® Once distributed, these rights
can be freely traded in secondary
markets, through bilateral trading
or auctions, at privately organized
markets.®

® Each day, the system operator
will announce the flowgates that are
likely to be congested the next day.

® The system operator will col-
lect schedules from energy traders
using the announced flowgate
rights to set scheduling priority.

® The system operator will clear
the spot market of energy, in con-
junction with reserves and adjust-
ments, calculating energy and
flowgate prices.

In the annual auction, a major
portion of the rights should be
issued as regular flowgate rights
with scheduling priority, but a
small fraction could be issued as
pure financial rights to provide the
system operator scheduling flexi-
bility to mitigate contingencies. All
flowgate rights would be offered
for auction. To facilitate the offer-
ing of point-to-point transmission
services, a portion of the transmis-
sion rights could be made avail-
able in the bundled form of trans-
mission system strips, or fixed
fractions of the entire transmission
system, while the remainder
would be auctioned on a line-by-

line basis. In this way, successful
transmission system strip bidders
could use some fraction of every
line to provide point-to-point
service immediately.

The bilateral market would oper-
ate for several months until the day
before dispatch. This market would
enable energy traders to enter into
bilateral contracts for future deliv-
ery and to be assured of a known
cost of transmission services. In this
market, energy traders would be
able to seek point-to-point trans-
mission services at a competitively
determined price from any of the
transmission system strip holders
or may, at their option, buy rights
from each of the transmission rights
holders. Complexity would be min-
imized for the energy traders, since
transmission system strip holders
would offer point-to-point trans-
mission services. In addition, the
existence of many transmission sys-
tem strip holders would foster com-
petition in transmission rights.

If an active market develops for
the individual flowgate rights,
the flowgate prices will become
apparent; otherwise, they will be
implicit in the point-to-point prices.
Since individual transmission
rights can be combined into point-
to-point services, arbitrage will
make the prices for point-to-point
services consistent with the prices
of individual transmission rights.

A power exchange can conduct
the auction from one day before
dispatch until one hour before dis-
patch. In this market, flowgate
rights that have not been commit-
ted can enter the auction along
with energy bids. The flowgate
prices are determined by an algo-
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rithm that matches the node-
specific bids in a way to maximize
the social surplus.

As a result of arbitrage, the
transmission prices from the bilat-
eral market should be an unbiased
estimator of the transmission
prices determined in the power
exchange market. For the same
reason, these prices should also be
unbiased estimators of the spot
prices determined in the adjust-
ment market. Since the uncommit-
ted transmission capacity will be
freely available to the system oper-
ator in real-time dispatch, arbi-
trage among different markets will
ensure that any attempts to with-
hold transmission rights for the
purpose of raising prices will be
completely ineffective.
Ahough there is potentially a

large number of flowgate
rights, the system operation can be
simplified further by using a fixed
but small (say, up to 10) floating
flowgate rights to set scheduling
priority. Each day, the system opera-
tor can announce in advance a num-
ber of flowgates that are most likely
to be actually congested. Although
congestion may shift from one set of
flowgates to another, the total num-
ber of congested flowgates is typi-
cally small. For flowgates that expe-
rience congestion unexpectedly, the
system operator can price them in
the real-time market ex post and
settle the adjustments properly.

B. Transmission Rights
in Practice

Some systems rely on distinc-
tions among the priorities assigned
to various contractual entitlements
to transmission. In 1999, the Cali-

fornia ISO auctioned annual con-
tracts (which took effect in Febru-
ary 2000) for firm transmission
rights for day-ahead interzonal
capacity on that portion assigned
to the ISO by the investor-owned
utilities. These rights amount to
about 50 percent of the ISO’s aver-
age capacity available daily, and
nearly 100 percent of a conserva-
tive estimate of the capacity avail-
able annually (that is, for the entire

year), net of contracts existing

when the market was established
in 1998 and expiring in later years.
These firm transmission rights
differ from the “fixed transmission
rights” issued by PJM, which are
purely financial contracts entitling
each owner to a refund of the differ-
ence in nodal prices on a specific
point-to-point path. PJM’s rights
are allocated by an optimization in
which bids for point-to-point trans-
mission are used to simulate energy
flows. Secondary markets for point-
to-point financial rights are too thin
to be viable, so PJM offers a
monthly re-configuration process
as a substitute. Financial rights suf-

fice to meet FERC directives requir-
ing each system operator to provide
a means for customers to ensure
“price certainty” if private markets
for hedges against transmission
prices are insufficient, as invariably
they have been.

California issues firm transmis-
sion rights for each direction for
each interface between zones,
including import/export inter-
faces. These rights can be assigned
or traded in secondary markets.
The market designs described last
year by Gribik and by Gribik,
Kritikson, and Shirmohammadi, go
beyond trading of the FTRs defined
by the ISO.* In these designs, FTRs
compete with sales by the munici-
pal utilities of idle capacity to
which they are entitled by existing
transmission contracts (ETCs). Like
PJM’s hedges, firm transmission
rights include financial components
because they provide refunds of
interzonal usage charges, although
these refunds are nil in the speci-
fied direction if congestion is in the
reverse direction (i.e., no credit is
given for counterflows).

he analysis by Gribik in 1999

shows that the availability of
tradable firm transmission rights
enables a private market to consol-
idate energy and transmission in a
way analogous to centralized mar-
kets like PJM. In this design, an
optimization is used to maximize
the gains from trade among sup-
pliers and demanders, subject to
spatial constraints on transmis-
sion and possibly also intertempo-
ral constraints on ramp rates. The
difference is that the transmission
capacities are the ones implied by
the supplies of ETCs and firm
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transmission rights offered in the
market; that is, the private market
allocates transmission rights rather
than transmission per se. The
resulting zonal prices for energy
obtained at 7 AM in the day-ahead
market are like nodal prices, since
each is the sum of a global energy
price and an imputed credit or
charge for associated transmission
rights, depending on whether it is
an importing or exporting zone, as
measured by rights. These transac-
tions are firm in terms of both
prices and quantities because each
is protected by ETCs and /or firm
transmission rights. Each customer
can offer additional adjustment
bids in the ISO’s market, but these
transactions are not firm until the
close of the ISO’s market at 1 PM.
One private market might assume a
dominant role, perhaps the PX in
California, because other market
makers can conduct their net trades
through this central market to
ensure that the full value of trans-
mission rights and counterflows are
realized; but arbitrage among
private markets might suffice.
It is recognized that efficient allo-
cation can be attained through
separate market trading of energy
and transmission rights.*! Gribik,
Kritikson, and Shirmohammadi*?
suggested that it is possible to con-
duct the private market for energy
first, and then an auxiliary market
for transmission rights afterward,
thus preserving the existing format
of exchanges like the PX currently
designed to trade only energy.
They modified the market design
in Gribik® so that the forward
market for energy closes with a
uniform price for energy and an

allocation of quantities transacted
at that price by suppliers and
demanders. Shortly after, each cus-
tomer submits a bid offering the
maximum price it is willing to pay
to lock in its transaction in the
energy market. This offer is inter-
preted as the price bid for protect-
ing the transaction via ETCs or
firm transmission rights acquired
from those who offer rights in this

market. The result is essentially the

same as a consolidated market: if
the energy price is $20 and a sup-
plier in one zone is matched with a
demander in an adjacent zone,
each paying $5 for locking in its
energy transaction, then the net
price is $15 for the supplier and
$25 for the demander, exactly as if
the zonal prices were $15 and $25
in the exporting and importing
zones, corresponding to the clear-
ing price of $10 for firm transmis-
sion rights from one zone to the
other. The prices are determined
from an optimization that allocates
the supply of submitted rights to
energy transactions so as to maxi-
mize the gains from trade between

the two sides of the market, just as
in a consolidated market for
energy and transmission rights.
The ISO’s procedures determine
whether suppliers and demanders
must be matched for administra-
tive purposes into pairs assigned
to each right; if not, then it suffices
to submit rights to the ISO in suffi-
cient amounts to protect the aggre-
gate interzonal flows. The Califor-
nia ISO requires precise matching
of the particular injections and
extractions associated with each
right, but this is motivated mainly
by the convenience of using exist-
ing software to apply the default
adjustment bids of $9,000 and
$4,000 per MWh to each ETC and
firm transmission rights.

The transformation from a nodal
or zonal system into a flow-based
system is relatively straightfor-
ward. It can be accomplished by
using the power transfer distribu-
tion factors as the exchange rates
to translate transmission rights
from one system to another without
significantly affecting the existing
market processes and institutions.
After translating into a flow-
based system, the main difference
between the nodal- and zonal-
based rights lies in the different
numbers displayed in the PTDF
matrix. Immediately, this will
obviate the need for bid reconfig-
uration in PJM and rezoning in
California (for intrazonal conges-
tion problems).

C. Information Technology
Lowers Transaction Costs

We believe that recent rapid
technological advances should
have settled the issue of complex-
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ity. In the past few years, rapid
developments of advanced meter-
ing, two-way communications,
and Internet-based information
technologies have clearly set the
trend for lowering market transac-
tion costs. For instance, a system
such as the Open Access Same-
Time Information System (OASIS)
will enable participants to com-
plete market transactions continu-
ously. Emerging private firms that
offer brokerage services for bilat-
eral markets have been urging
FERC to adopt a decentralized
approach based on flowgate
rights.* Evidently, the private sec-
tor has already exhibited interest
in transforming the electricity
business into e-commerce.
Afor other potential difficul-
ties, a well-known folk theo-
rem in economics suggests that in
the absence of market failures (i.e.,

externalities in the present case),
“whatever a central agency can do,
a market can do better.” A corol-
lary to this theorem is that once the
main cause of market failure is
fixed, innovations in the market-
place can be relied upon for effi-
cient self-organization. For
instance, transmission brokers
might emerge to simplify the trad-
ing of transmission capacity rights
by aggregating them into trans-
mission capacity contracts in ways
that resemble the more pragmatic
concept of transmission capacity
reservation contracts stipulated by
FERC in 1996,% or transmission
congestion contracts defined in
Harvey et al.* Aggregators might
begin to bundle electricity and
transmission capacity contracts
over different time periods and
contingencies into simple contracts

that can be traded among common

il

consumers and suppliers. For
instance, as Vickrey* suggested in
the case of air flight tickets, for-
ward markets could be established
for reservations of transmission
capacity rights at various points in
time before the actual dispatch.
Obviously, such undertakings
involve varying degrees of risk,
and various risk management con-
tracts will emerge. Nevertheless,
we believe that at a minimum, a
simple contract will be created that
enables an electricity supplier to
agree to deliver to a consumer a
known quantity of power at a fixed
price over a long period of time.
After all, a competitive market is
known to be surprisingly innova-
tive in self-organizing for informa-
tional efficiency, and spontaneous
exchange of information among
self-interested individuals is the
essence of Hayekian markets.

As for other potential difficulties, a well-known folk theory offers quidance.
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VI. Conclusion

The externalities due to loop
flows in a transmission network
represent a critical issue that must
be resolved before competition can
be successfully introduced into the
electric power industry for long-
term economic benefits. The main
insight is that a system of flow-
based transmission rights enables
market-based congestion manage-
ment for efficient energy and
transmission markets. Further,
once a system of tradable flowgate
rights is established, the control of
the transmission system is shifted
from line owners to the market, in
which the transmission charges are
determined competitively without
excessive complexity or monopoly
power abuses. B
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