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Nodal Prices and Transmission
Rights: A Critical Appraisal

tricity sectors in Chile and Argen-
tina and they play a central role in
the discussion concerning the elec-
tricity sector reforms in Califor-
nia, the United Kingdom and
New Zealand. The concept of
nodal prices originates with the
work of Schweppe and his col-
laborators' and has been recently
championed by Hogan and oth-
ers. Nodal prices reflect the differ-
ential value of generation and con-
sumption at each location arising
from physical characteristics of
electricity networks, namely the
existence of losses and capacity
constraints.

vide the right incentives for con-
sumption and generation deci-
sions, both in the short and in the
long run. Since nodal price differ-
ences also reflect the existence of
transmission constraints, their use
for pricing transmission services
and to compensate for transmis-
sion ownership has received sub-
stantial attention in both the aca-
demic literature and in policy
circles.?

The main purpose of this paper
is to challenge several claims
about the role of nodal prices that
are accepted by some practitio-
ners and academicians involved
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in the discussion on the transition
towards a more competitive elec-
tricity sector, both in the United
States and abroad. In particular,
we will demonstrate the pitfalls of
using locational spot price differ-
ences for pricing transmission
services and for compensating for
transmission ownership. In sim-
ple (i.e., linear or radial) net-
works, such application of nodal
prices may be suitable.* In net-
works with parallel flow paths,
such as the Eastern and Western
U.S. networks, basing transmis-
sion pricing on nodal price differ-
ences is inappropriate. Such pric-
ing schemes will not provide the
right incentives for transmission
investments or expansion, nor
will they provide appropriate
compensation for ownership of
transmission assets or rights in a
decentralized ownership net-
work.

We will first show in Sec-

tion I that the use of
nodal prices for pricing of trans-
mission services is based on inap-
propriate analogies with transpor-
tation and arbitrage theory. These
analogies have also led to im-
proper assessments of the viabil-
ity of firm or tradable transmis-
sion rights. The article touches on
a variety of issues, all of which are
related to the improper use of
nodal prices as the universal an-
swer to problems arising in imple-
menting direct access in the elec-
tric power industry.

In Section II we introduce an ex-
ample which illustrates some
counterintuitive behavior of
nodal prices under optimal dis-
patch, such as: (i) nodal prices
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tem of purely bilateral contracts is
equivalent to an optimally dis-
patched-type pool and that mar-
ket-making functions and system
operations must be integrated to
achieve efficient operation. The
first proposition has been ad-
vance both by Hunt® and Hogan.’
Instead, we show that to replicate
optimal dispatch in a decentral-
ized fashion, multilateral trades
may be necessary. Thus, there is a
natural progression from a bilat-
eral (Opco-based system) to a
Poolco-based system. As the size
of the muitilateral trades required
to achieve efficient system opera-

tion increases, so does the advan-
tage of a Poolco system. However,
if large multilateral trades are sys-
tematically involved only in a dis-
tinct regional portion of the net-
work, an island-size Poolco will
naturally arise to coordinate those
multilateral trades in a sea of bilat
eral trades. Thus, we conclude
that there is no need to implemer
a single institutional solution to a
large and varied regional area. In-
deed, the approach taken in the
UK. is a mixed institutional sys-
tem, wherein the Scottish system
operates based on bilateral trades
with two separate utilities work-
ing as system operators, while a
pool runs the England & Wales
electricity system.?
n Section IV we address the is

Isue of transmission rights
and discuss three alternative
forms of such rights. We first dem
onstrate that firm transmission
rights are inconsistent with the ef-
ficient operation of the network,
and as such are incompatible witk
either centralized dispatch or bi-
lateral trading systems.” We then
show that financial rights to mer-
chandising surplus based on link
ownership lead tc perverse invest
ment incentives that would call
for regulatory intervention. Fi-
nally, we show that transmission
rights in the form of contract net-

~ works are redundant in a decen-

tralized environment with nodal
spot and forward markets. Fur-
thermore, they do not provide a
satisfactory solution to the prob-
lem of how to compensate trans-
mission assets ownership and fa-
cilitate long-term efficiency.
Therefore, they call for a complex



transportation costs. As transpor-
tation prices go up, either because
of limiting shipping capacity from
A to B or because of increased
transportation costs, the differ-
ence in price between the two lo-
cations will also tend to increase.

At first glance this analogy
seems valid for a linear or radial
electricity network. In such a net-
work, the difference of nodal
prices between two nodes A and
B measures the sum of mareinal

imply that congestion is a net-
work rather than a link phenome-
non. In these types of networks
we may observe several counter-
intuitive relationships which can-
not occur in transportation sys-
tems. For example: (i) links which
operate below their line-flow ca-
pacity limits may still have nodal
price differences in excess of mar-
ginal losses (true transportation
costs) because of congestion in an-

Athar lina: (3) vaimfAnmima i A AA

26

The Electricity Journal




P SV SR S

cating congestion rents across the
network, thus an alternative
mechanism to allocate network
congestion rents has to be de-
signed. Third, physical transmis-
sion rights and financial instru-
ments should be separated.
Physical transmission rights
should not be implemented, as
they interfere with optimal dis-
patch. While financial transmis-
sion rights are feasible, it will be
argued that they are inferior to
nodal forward markets and they
do not fully solve the problem of
distributing the transmission sur-
plus inherent in the operation of a
pool.

II. An Example

Many of the issues raised above
can be illustrated with the use of
simple three-node examples. In
Box 1 we present a three-node sys-
tem.”” We elaborate on this exam-
ple in this section, and in the fol-
lowing sections we fully discuss
its implications. In Box 1 we as-
sume, for simplicity, that the sys-

- tem is lossless and we ignore reac-

tive power considerations.”® We
assume that generation is located
at buses 1 and 2, while demand is
located at bus 3. See Box 1 for a
detailed description of the exam-
ple. The marginal costs at both
nodes 1 and 2 are assumed to be
linear and increasing, and the de-
mand at bus 3 is infinitely elastic
at a certain price.

The example in Box 1 makes
several points. First, the figure

o amtaandi e T A L

marginal valuation at node 3. The
reason for such a high output
level at node 2 is that line 1-2’s
line-flow constraint of 8 MW im-
poses an upper bound on genera-
tion at node 1. Second, although
flows in line 1-3 do not reach the
line’s line-flow constraint, prices
atnodes 1 and 3 differ by more
than losses (in our case losses are
zero). Indeed, the line-flow con-
straint in line 1-2 implies that line
1-3 is also subject to transfer con-
straints. Third, flows in line 2-3 go
against prices: Although prices
are higher in node 2 than in node
3, flows are from node 2 to 3, i.e.,
if nodal price differences are to be

Notation:

peATe A stsauy sassuessivans eascaas

nodes 2 to 3 should be subsidized.
We will use this example through
the remainder of this paper to
highlight the various issues men-
tioned in the introduction.

III. The Relative Efficiency of
Bilateral Transactions

It has been argued that there is
no difference between a system of
efficient bilateral transactions and
a fully integrated pool. It has also
been implied by these arguments
that efficient operation of the sys-
tem requires the integration of sys-
tem operation and market mak-
ing as in the Poolco proposal. The
purpose of this section is to chal-

g;: MW injection at node i (positive for generation, negative for consumption)

Gij: MW power flow from node i to node |
p;: nodal price at i (¢/kWh)
Marginal Cost at node 1:
Marginal Cost at node 2:

MCy4 = .2q4 (¢/kWh)
MC2 = .335q5 (¢/kWh)
Marginal Valuation at node 3: MVq = 3.3 (¢/kWh)

Figure A

Line reactance between nodes 1and 2: Xqp =1

Line reactance between nodes 2 and 3: Xog=1/3
Line reactance between nodes 1 and 3: Xq3=2

Line flow fimit for line 1-2: Cqio=8MW
Line fiow limit for line 2-3: Cog =20MW
Line fiow limit for line 1-3: C{3 =30MW

Results from optimal dispatch:

pa= MV3= 3.3 C/kWh

Q= 15SMW
¥ p1=MC=3¢/kWh
1

—rr

Cy2 < J0MW M Cqpc BMW
Xya=2 N, Kqz=t
g13 = TMW / h, g1 = BMW
Crz < 20MW
— '3" ] E‘
T qz3=18MW  ~~ 10MW
q3=-25MW Q2=

pp=MC5=3.35 ¢/kWh

Total Merchandising Surplus: MS = -3gjp; = 25.3.3 - 15.3.0 - 10.3.35 = $40/hour

Total Surplus:

TS = -3.3:q3 -1/2[0.2:G12+0.335.50] = $432.5/hour

Shadow value of line flow constraint Cyo: dTS/dC5 = S5/MWh

Box 1: llustrative Example
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lenge these assertions. These argu-
ments have focused only on the
method for settling differences be-
tween contracted and dispatched
quantities.’* The main reason for
the presumed equivalence is that
in a pool, like that in the United
Kingdom, the entire quantities dis-
patched are transacted at pool
prices, while in a bilateral system
(e.g., Norway), pool prices are ap-
. plied only to the difference be-
tween contracted and realized
quantities. The proponents of this
equivalence argue that the addi-
tion of contracts for differences in
a pool setting is enough to repli-
cate the workings of an efficient
system of bilateral transactions.
his discussion leaves out
some important network
considerations that limit the capa-
bility of simple bilateral transac-
tions to achieve economic effi-
ciency. One particular aspect is
that in any congested network
with parallel lines, optimal dis-
patch may require the transmis-
sion of power from a high-price to
a low-price node. In a pure bilat-
eral framework such transactions
will not be commercially viable
because the seller’s price will be
above the buyer’s price, so there’s
no deal. This could be corrected
with an ex ante subsidy system,
but the problems in designing
such a system are obvious. Thus,

A Aflinimmt lilatnval Aesnbacan Zn

contrary, the fact that the bilateral
system leaves unexploited trad-
ing opportunities implies that
there will be incentives for market
players to design more complex

: trading arrangements. For exam-

ple, brokers may organize feasible
trilateral trades which bundle the

" flows from high- to low-price
- nodes with other transactions and
- yield a net profit to the involved

traders. Such transactions are im-
plicit in a pool-based bidding sys-
tem. A fully integrated pool, how-
ever, may be overly restrictive
and the efficiency gains may be

achieved in a more decentralized
fashion. Furthermore, a system
operator that has no cost informa-
tion can still provide the players
with technical information
needed to balance the system and
to design feasible trades that lead
to economic efficiency.

To illustrate the potential for
such trades, we revisit the exam-

—l_ L. 1T 1 o n

ing into bilateral transfer agree-
ments. In the absence of any con-
straints, given cost and demand
configurations, there will be two
types of bilateral contracts: Gener-
ators at node 1 and customers at
node 3 will want to contract fora
transfer of 16.5 MW at a price of
3.3¢/kWh, while customers at
node 3 and generators at node 2
will want to contract for a transfer
of 9.85 MW at 3.3¢/kWh. See Fig-
ure A in Box 2. Those are the
quantities at which the respective
marginal costs of generation
equal the market-clearing price of
3.3¢/kWh.

ontracts have to be cleared

with the system operator
who checks for feasibility. In this

| case, however, because both

trades are not feasible simultane-
ously, the system operator could,
for example, curtail to 14.975 MW
the contract between generators
at node 1 and customers at node
3. The resulting flows are illus-
trated in Figure B in Box 2. In ad-

- dition, an enlightened system op-
' erator will also indicate to the
traders that injections at nodes 1

- and 2 could be increased simulta-
' neously at a rate of one to six

without overloading the con-

| gested link.'® This opens up the
~ opportunity for a trilateral trade

of the form shown in Figure C of
Box 2.

rvn ) PR ¥ 23]
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not necessary to achieve optimal
dispatch in a decentralized trad-
ing system. Direct imposition of
constraints on feasible trades by
the system operator together with
the working of the market results
in the correct “nodal” prices on
the marginal transactions that “in-
ternalize” the congestion costs.
Second, efficient dispatch does not
require that all transactions be
cleared at the same price. Third,
optimal dispatch is achievable
without the system operator hav-
ing any information about cost or
demand. Thus, market making

April 1995
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BILATERALS + TRILATERAL = OPTIMAL DISPATCH

Box 2: Achieving Optimal Dispatch Through Multilatera! Transactions
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patch by the grid operator, and
may impede efficient operation.
In Box 3 we present a three-node
network where each line can
carry 100 MW. The initial alloca-
tion of transmission rights pro-
vides generators at node 1 with
150 MW transfer rights to node 3,
which may be consistent with in-
itial loads (as shown in Figure A
in Box 3). Such rights, however,
will prevent efficient dispatch un-
der different demands. For exam-
ple, if under optimal dispatch the
load at node 3 increases to say, 200
MW, and the new optimal dis-
patch is as illustrated in Figure B
in Box 3, that dispatch would be
prevented by the initial allocation
of firm transmission rights.

To prevent the inefficiencies as-
sociated with firm transmission
rights, weaker forms of transmis-
sion rights can be designed which
entitle the holder either to physi-

VULEICTLITLILTD,. AUILT LWLIT LIUIuTE UL
such rights is not permitted to
choose between physical perform-
ance and financial compensation,
the physical performance part of
this weaker transmission right
can essentially be disregarded,
and we can consider these trans-
mission rights as purely financial
entitlements.

There are two basic approaches
to define these weaker transmis-
sion rights. On the one hand,
transmission grid owners can be
given the right to collect the mer-
chandising surplus associated
with links under their ownership,
i.e., the difference in nodal prices
times the flow across the link mi-
nus losses. This approach has
been used in Chile since 1980 and
a variant of it has been recently
implemented in Argentina.

A second approach, coined
“contract networks” in Hogan’s
seminal article,? tries to solve

150MW FIGURE A

)

150MW

200MW

}JLUGLI L Ll Luliilavt iicivvuln ap-
proach allocates rights for inject-
ing and ejecting of a
predetermined amount of power
at specific nodes. Thus, a 100 MW
transmission capacity right from
node A to B entitles the owner to a
100 MW injection at A and a 100
MW ejection at B, or to receive the
nodal price differential between B
and A for 100 MW (minus losses),

- regardless of actual flows. We will

discuss first the implications and
merits of the link-based approach
and later those of Hogan’s con-
tract network.

A. Link-Based Transmission

Rights

Assigning link-based merchan-
dising surplus to transmission
owners (or investors) has several
shortcomings. First, because a
higher difference in nodal prices
will usually translate to a higher
link-specific merchandising sur-
plus, owners of the link will have
perverse investment incentives. In
particular, they will have an incen-
tive to degrade the link. This is
not different from the problem
created by the monopolist’s incen-
tive to restrict supply, and it was
so recognized in both Chile and
Argentina. Thus, in both coun-
tries, third parties can expand or
request an expansion of a particu-
lar link.

Second, economic anomalies
and perverse incentives occur in

1 ) IR I U
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entity, e.g., Poolco, is not of itself
enough to assure long-term effi-
ciency. Transmission pricing and
ownership of transmission links
have a strong impact on the ex-
pansion and long-run perform-
ance of the system. In particular,
we find that granting link-specific
merchandising surplus to link
owners can create perverse incen-
tives. Overcoming the distortions
inherent in such an approach will
require strong regulatory over-
sight and it is, therefore, an un-
sound basis for compensation of
transmission ownership and in-
vestment.

he perverse incentives men-

tioned above can be best il-
lustrated in the context of the ex-
ample of Box 1. As noted earlier,
power flows in link 2-3 from a
high- to a low-price node. As a
consequence, link 2-3 has a nega-
tive merchandising surplus, for
which the owners of link 2-3 are li-
able. The existence of a negative
merchandising surplus has sev-
eral implications.” At first, one
may wonder whether the fact that
line 2-3 has a negative price gradi-
ent does not imply that the net-
work would be better off by elimi-
nating line 2-3. This, however, is
clearly not the case here. Al-
though line 2-3 could be needed
for reliability considerations, even
if we ignore that aspect, the
reader can compute that line 2-3
provides a net social surplus gain.
Indeed, if line 2-3 were elimi-
nated, consumption at node 3
would fall, total merchandising

April 1995

trolled by a single operator who
collects the merchandising sur-
plus, the operator has an incen-
tive to eliminate the link 2-3, re-
ducing social surplus.

Assume that eliminating link 2-
3 is not an option, and that own-
ers of transmission links get as-
signed the merchandising surplus
(whether positive or negative) as-
sociated with their links. Thus,
the owner of the claims on the
merchandising surplus associated
with line 2-3 will be liable for the

. 1513 ."liy

H

negative merchandising surplus
associated with it (39/hour). This
liability creates a perverse incen-
tive as the liability can be reduced
by further strengthening the line 2-
3 (i.e., reducing its reactance) to
the detriment of the system as a
whole. If, for example, the reac-

| tance of line 2-3 is reduced from

1/3 to 1/12, then optimal dis-
patch will reduce the merchandis-
ing surplus liability of line 2-3
from $9/hour to $5.56 /hour. This
is accomplished because the re-
duced reactance of line 2-3 re-
duces the injection capabilities of
generator 1, thus reducing the

This illustrates a well-known
but counterintuitive result that
strengthening a line may reduce
the transfer capability between
two buses (not directly linked by
that line) under optimal dispatch.
In this particular case, the transfer
capability from node 1 to node 3
has been reduced by over 15 per-
cent and consequently the expan-
sion reduced total surplus by ap-
proximately four percent. This
result raises questions about the
adequacy of using a direct alloca-
tion of individual links” merchan-
dising surplus as a scheme for
compensating transmission ex-
pansion.

ne restructuring proposal”

Oadvocates relinquishing
operational control to a Poolco
but retaining ownership over the
grid by generators. In the exam-
ple of Figure A in Box 1, generator
2 is the primary beneficiary of the
existence of line 2-3. Generator 2,
then, will have a strong incentive
to build the line even if it has to
pay the negative merchandising
surplus of $9/hour associated
with link 2-3.2* The combined
ownership of generation and
transmission lines together with
the imputation of link-specific
merchandising surplus to link
owners creates a perverse incen-
tive for transmission expansion.
In this case, generator 2 will have
an incentive to strengthen line 2-3
beyond the optimal point. Indeed,
lowering the reactance of line 2-3
from 1/3 to 1/12 increases the
combined profit (plus the associ-



In public presentations and pri-
vate communications since the
publication of his 1992 article,
Hogan has recognized that the
specific performance option is ir-
relevant. Thus, the right in a con-
tract network is defined as a finan-
cial entitlement to the actual
difference in nodal prices (minus
losses) between a specific pair of
nodes times a predetermined
fixed quantity. The third condition
restricts the quantity of allocated
rights to meet feasibility condi-
tions.

The contract network approach
has two main purposes: First, it is
a way to compensate transmis-
sion owners for the joint use of
their transmission assets; second,
it provides users of the grid a
mechanism to hedge against con-
gestion by purchasing transmis-
sion rights. To analyze the implica-
tions and merits of the contract

ent contract network rights corre-
sponding to each possible direc-
tional pair of nodes. But all these
contracts can be derived in a sim-

TRANSMISSION  RIGHT
PSg-PS,

. CREDIT
. LIABILITY

| onm—) f

- O TTT T

contract network rights are redun-
dant. Furthermore, for valuation
and trading of contract network
rights, nodal forward prices are re-

LONG FORWARD PSg-Pfy

FIXED ANNUITY Pfg-pf,

.’ $88358554859953858

T

SHORT FORWARD Pf,-PS,

Box 4: Synthesis of a Contract Network Right From Nodal Forward Contracts
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quired; otherwise contract net-
work rights will be illiquid. But if
nodal forward prices exist, then
. contract networks are unneces-
' sary? Thus, by creating nodal for-
ward markets we can do anything
that contract network rights can
do, and furthermore, nodal for-
ward prices provide more flexibil-
ity in the allocation and distribu-
tion of the merchandising
surplus.

As with other tradable com-

modities, it is reasonable

to expect that the number of con-
tracts traded will exceed the ac-
tual physical deliveries. This sug-
gests that the feasibility condition
(3) in Hogan’s 1992 formulation®
is unnecessary and meaningless.

Because the contract network
rights are purely financial instru-
ments and have no operational or
physical implication, the feasibil-
ity condition (3) is only intended
to serve as a solvency condition
for the market maker. Hogan
shows that condition (3) assures
that if dispatch is optimal and all
contract network rights are jointly
feasible, the merchandising sur-
plus exceeds the market maker’s
obligations to the holders of con-
tract network rights.” This result,
however, should be interpreted
with caution. Consider the exam-

ple in Box 1. Here a feasible alloca-

tion of transmission rights con-
sists of 15 MW from node 1 to
node 3 and 10 MW from node 2 to
node 3. Assuming that those are
the expected future loads, the
right from 2 to 3 has a negative
value. Hogan'’s 1992 solvency re-
sult—i.e., that the merchandise
surplus is enough to cover the

quiring another regulatory rule to
dispose of the excess merchandis-
ing surplus. Lastly, Hogan'’s con-
tract networks approach leaves
unspecified the initial allocation
of the contract network rights
among grid owners and users.
Hence, a regulatory procedure
will be needed for that allocation
as well.

Finally, as a compensation to
transmission owners, contract net-
work rights have implications
that are not altogether different
from those discussed for link-
based transmission rights. Al-
though, in principle, contract net-
work rights do not require that
the pair of nodes be directly con-

nected by a single link, many wiil
be. In those instances the perverse
incentives noted above will re-
main in effect. Furthermore, even
for those nodal pairs that are not
directly connected, the topology
of the network may be such that
perverse investment incentives re
main. Thus, contract network
rights necessarily have to be sup-
plemented with a regulatory
mechanism that determines
which transmission investments
are appropriate (i.e., maximize so
cial welfare) and which are not.
Again it is difficult to design a
regulatory process that will bring
about efficient outcomes.

o summarize, we find that

the objectives of contract
network rights can be accom-
plished in a simpler manner by ai
locating merchandising surplus
shares, or equivalent riskless an-
nuities, to grid owners as part of
the compensation for the use of
their wires. Users, grid owners
and other players can then as-
sume any level of risk they wish
by hedging the risk associated
with volatile nodal spot prices in
nodal forward markets. Second,
for contract network rights to be
traded in a liquid fashion, nodal
forward markets have to develop
But given the need for nodal for-
ward markets, contract network
rights become redundant. Third,
contract network rights do not
provide a solution to the transmis
sion pricing and expansion prob-
lem, as regulatory rules have to b
designed for the allocation of the
initial rights, for the allocation of
rights with negative valuation, fo
the allocation of the excess mer-
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for the efficient long-term opera-
tion of the wholesale electricity

)

Nodal prices are likely to be-
come an important component in

June 1994, at 24-43 (1994).

3. The use of nodal price differences to
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market equilibrium may differ from
economic dispatch. it all depends on
the protocols used by the grid opera-
tor to implicitly determine transmis-
sion constraints. In vertically
integrated utilities, the presumption is
that the dispatch operator attempts to
minimize costs. But in a decentralized
environment such an assumption may
not be valid. Furthermore, whether
the dispatch operator minimizes total
costs cannot be verified by the exist-
ence of excess demand or supply, as
for any dispatch algorithm there will
be a corresponding market equilib-
rium where supply and demand clear
at the nodal prices resulting from the
operator’s actions. The distinction be-
tween market equilibrium and eco-
nomic dispatch in the electric power
context highlights the need for some
sort of regulatory oversight to insure
that the market equilibrium corre-
sponds to the optimal dispatch. The
history of regulation teaches us that
such oversight is difficult and its suc-
cess cannot be taken for granted.

11. See Wu et al., supranote 9, for a
more formal treatment of these results.

12. Note: The reactance of a line is the
line’s inductance times the frequency.

13. That is, we are assuming that all
buses are PV, meaning that reactive
power is automatically adjusted at
each bus so that voltage magnitude is
constant, and thus bus behavior is
completely specified by giving its volt-
age phase angle and real power injec-
tion. We further assume that all the
lines are “strong,” meaning that their
admittance (reciprocal of impedance)
is large relative to the power flows. As
a consequence, we can linearize the
power flow equations. This is often
known as a DC approximation.

14. Hunt, and Hogan II, both supra
note 7.

16. The ratio of feasible injection in-
creases of one to six is based on the
relative reactance of lines 1-3 and 2-3,
such that any joint increase in injec-
tions will not increase the flow on the
congested line 1-2. In real nonlinear
power flow models the calculation is
more involved and the feasible incre-
mental injections ratio would be deter-
mined on the basis of a linear
approximation. In any case, no infor-
mation on marginal costs or willing-

ness to pay is required for the calcula-
tion.

17. Nothing in this discussion requires
that the trilateral contract be organ-
ized by generator 1. Generator 2 could
do a purchase from 1 and sell the ex-
tra to 3, or a broker could implement
the transaction.

18. A general procedure for generating
efficiency-improving multilateral con-
tracts that approach economic dis-
patch is available from the authors.

19. As mentioned, the UK. has two
systems: a bilateral trading system
with two operators in Scotland and a
tight pool in England and Wales.

20. While we are addressing point-to-
point service here, we recognize that
network service is now being pro-
vided in the industry, beginning with
the Federal Energy Regulatory Com-

matically that this is a generic prob-
lem in constrained networks with
parallel flows.

23. See Southern California Edison’s
August 4, 1994 submission to the
CPUC.

24. As the reader may compute, with-
out line 2-3, generator 2’s profits will
be $107.2/hour, compared to
$167.5/hour as in Box 1.

25. Hogan [, supra note 2, at 234).

26. A short forward at a node is a con-
tract for differences that entitles the
holder to a stream of income (positive
or negative) equal to the difference be-
tween the forward price at the node
and the nodal spot price. A nodal
long forward, on the other hand, enti-
tles the holder to a stream of income
equal to the spot price at the node mi-
nus the nodal forward price. Thus, a
contract network right from A to B
equals (P'a - P°) + (P°s - P'g) + (P's -
P'A) = P°g - P°a.

27. On this point, see H. Outhred, Re-
solving Network Issues in Implement-
ing a Bulk Electricity Market in the
Western United States (University of
New South Wales, Australia, 1994).

28. Hogan I, supra note 2.
29, Id.
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