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Figure 4.7 Optimal investment in lumpy technology may be profitable

can ask the question: would merchant investors underinvest in linear lumpy
technology? Figure 4.7 shows that they might invest optimally and earn
well above a normal rate of return. If demand were a bit greater in the
figure, so that the intersection of supply and demand were to the right of
2 lumps’, the social optimum would be two lumps. However, merchant
investors would fail to build the second lump because it would earn almost
no congestion rent. The result would be underinvestment and excess profits.
Of the three possibilities, underinvestment, optimal investment and over-
investment, they will avoid the third. A static analysis would conclude that
this should lead to too little investment on average but to excess profits. The
disconcerting aspect of this conclusion is that it appears that on average, in
fact almost always, they would earn above-market rates of return. This
seems unlikely.

In a dynamic market this result appears even more suspicious. Investors
will anticipate the possibility of high rates of return and will invest a little
early, which will increase their average investment and lower their rate of
return. Considering this dynamic effect, there seems little reason to suspect
that lumpy technology will lead to systematic underinvestment, or even that
investment will be wrong on average. This is an optimistic result, but one
more effect needs consideration.

Lumpy investments pay least when they are first made and most just
before the next investment is completed. In fact, many optimal transmis-
sion investments lead to a protracted period with virtually no congestion
and hence no congestion rent when they are first completed. This effect may
be dramatic. When a lumpy upgrade is first made it is common for the line
to be almost completely uncongested and this situation may last for years.
The island of Nantucket off the coast of Massachusetts is served by a single
direct current (DC) cable which is likely to become congested in the coming
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few years for a few hours in August. This might cause a very partial black-
out during the tourist season which is unacceptable, so a second identical
cable will soon be added. This one will not be congested for perhaps
another 20 years. Even when a lumpy transmission investment can expect
full recovery of its costs from congestion rents over the long run, the cost
recovery may well not begin for years and will be very slow when it starts.
This ‘back-end loading’ of the revenue stream creates grave risks for the
investor. What if a new technology, such as cheaper high-voltage DC lines
or aluminum-zirconium wires, comes on the market before high levels of
congestion kick in? What if load growth is slower than anticipated? What
if gas pipelines are built to fuel new generation that competes with power
imported on the transmission line (Barthold, 2003)?

This investor’s payment stream does not mirror the stream of social
benefit which results from the elimination of, or reduction in, previous con-
gestion rents. Because that benefit stream starts out at the rental cost of the
line, it is far less risky than the stream of congestion rent. Risk is costly, so
merchant investment based on collecting congestion rents from CRRs
issued in return for the investment will be much more costly than a socially
sponsored investment in the same project. Low-risk investing is cheaper
than high-risk investing.

A simple example may help explain the relationship between the social
benefit stream and the congestion rent stream on a lumpy transmission
investment. Suppose load in a load pocket takes on values between X and
X +200 MW with a uniform probability distribution. Suppose the price
difference between supply from the load pocket and external supply is
$20/MWh. Suppose additional transmission costs $5/MWh and comes in
100-MW lumps. When should transmission be built?

Only when the present line is congested would a new line add value.
When the line is congested half the time, as shown in Figure 4.8, the value
added will range from zero when it is just barely congested to $20/MWh of
new-line capacity when the load is at its peak value and the new line is fully
utilized. On average, under these conditions the new line would provide
$10/MWh of line capacity in social benefit while congested and $0/MWh
while not congested. Consequently when the existing line is congested half
of the time, it will provide $5/MWh of benefit on average. Since this is what
the line costs to build, this is the break-even point. When the line is con-
gested less often, investment is not warranted.

If new lumps of transmission are added at the socially optimal times, con-
gestion rent just before the new addition will be $10/MWh on average, and
just after the new addition it will fall to zero. When the new line is first put
in place the line will earn nothing, but its earnings will grow until the next
lump of transmission is built. If the growth in X is linear, then, on average,
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Figure 4.8  Optimal investment eliminates congestion

the line will earn $5/MWh, exactly enough to cover its cost. (This example
assumes a zero discount rate.) At least in this case of lumpy investment,
optimal investing will be rewarded with exactly the right level of congestion
rents.

Note the difference between the social benefit from a transmission
upgrade which starts out covering the rental cost of the line on day one and
the stream of congestion rents which flow to the merchant investor. These
start out at zero and only reach the break-even point half way to the point
in time when the next investment will be made and rent will again drop
to zero. Also note that the social benefit of building the line is much
greater than its cost. It is normal to find such ‘consumer surpluses’ in a well-
functioning market. Obviously, this is a very narrow result, but it disproves
a common view which holds that lumpy investments inherently underpay
investors similar to the way in which increasing returns to scale (a declin-
ing marginal cost curve) underpay optimal investing. The main problem
with lumpy investments is that they pay off merchant investors very late,
which makes them extremely risky for a merchant investor even though risk
in social benefit is low. This can greatly increase the cost of merchant lines
relative to their cost if built under rate of return regulation.

Free Riders?
When large merchant transmission projects are contemplated it is often

noted that many will benefit from such a project in the initial years but all
will attempt to avoid paying for it. As soon as the line is completed certain
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Figure 4.9  Investors should not capture full social benefit

loads will find their prices reduced and certain suppliers will find they can
sell at a higher price. Both will want the line to be built, but all will want
others to pay for it. Figure 4.9 illustrates such a situation.

In the first year after the line is built, market participants will benefit by
$5/MWh of line capacity, yet the investors will be paid next to nothing in
congestion rent. This observation usually leads directly to the conclusion
that all those who benefit without paying are free riding. But, in this
example, that is not the case. The investor will be paid in full and the gap
between social benefit and congestion rent is not the result of free riding
but is simply normal consumer surplus.

Of course, transmission projects are likely to suffer from the effects of
returns to scale as well as lumpiness, so it is likely that investors will be
underpaid if they depend on congestion rents. In this case free riding is a
correct diagnosis, but it will be extremely difficult to assess the extent of the
free riding. In particular it is wrong to believe that investors should capture
the entire consumer surplus even at the beginning.

An investor with market power may be able to capture some of the value
that would otherwise accrue to free riders. Similarly, an investor with
market power may be able to capture part of the normal consumer surplus
that would be provided by optimal investing and complete fixed-cost recov-
ery. Both reasons probably help to explain the many proposals to allow the
exercise of market power by merchant transmission investors. Some market
power would help cover investment costs, so there is some legitimacy to the
suggestion. But once started down this path, merchant investors may well
ask for more market power than needed to break even. Proposals to base
the fundamentals of cost recovery on market power fail to provide a ration-
ale for a market that must rely largely on market power to cover costs. The
investment efficiency of such a market is unclear at best.
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The principal argument for efficiency in such a market is that suppliers
with market power still minimize costs, given their output. But this argu-
ment also holds for suppliers who do not decide what transmission is
needed but simply respond to an auction held by the system operator for
the provision of certain transmission capacity. Until some means can be
found of tailoring the exercise of market power to provide the right level of
fixed-cost recovery only on efficient transmission investments, the argu-
ment for the deliberate introduction of market power as a method of induc-
ing investment is weak to non-existent.

Mixing Planned and Merchant Transmission

The possibility of planned transmission both discourages and threatens
merchant transmission. Before a merchant line is built, potential sub-
scribers to the project would prefer to induce the planners to build the line
and spread the cost over the broader market. This discourages participa-
tion in the project by those who should buy a long-run contract for the use
of the line. Essentially, this exacerbates the free-rider problem.

Once a merchant line has been built, those who have not pre-paid for its
use will still wish to encourage the planners to build a competing line, as
actually happened in Australia (Firecone, 2003; Littlechild, 2004). As the
merchant line was a DC line, it could directly charge those who used it
(Brunekreeft, 2004b), but had it been an AC line those wishing to use the
path would still have reason to lobby the authorities to overinvest by build-
ing a second line, thus driving down congestion rents and providing a
cheaper alternative than use of the merchant line. This possibility is a threat
to merchant investment.

Because merchant transmission has so far proven itself entirely inade-
quate, some have suggested a mixture of merchant and planned transmis-
sion (Hogan, 1998; Rotger and Felder, 2001; Chandley and Hogan, 2002).
For this to succeed, the level of discouragement and threat must be
reduced. This can be accomplished if the role of planning can be defined
with enough clarity. If merchant investors know which lines will and will
not be built by the planners, then planning should not discourage invest-
ment in lines that will be needed for merchant purposes, but which the plan-
ners will not build.

One suggestion for the bright line between planned and merchant lines
is that planners will build only lines which would require the cooperation
of ‘many parties’ because in this case the free-rider problem is thought to
be particularly severe. While this would give merchants clear guidance at
the two extremes, there would inevitably be an important middle ground of
ambiguity, perhaps encompassing most transmission expenditures.
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Another proposal for separation was made several years ago in the
context of the Alberta market (Stoft, 2002). That market, to a greater
extent than most, fails to send adequate locational signals for genera-
tion investment and, like all power markets, lacks proper real-time demand
elasticity. Consequently, transmission investment is occasionally required
for reliability purposes. It was proposed that the planners build only for
reliability, and that when such a project is undertaken, merchant invest-
ment be allowed to expand the project for the incremental cost of the
expansion, thus avoiding significant fixed costs. To further facilitate
merchant investment, it was proposed that the transmission administrator
(planner) also facilitates joint investments by joining merchant projects
under certain circumstances when lumpiness is a problem. The transmis-
sion administrator would buy a part of the line and keep it out of use until
a new party decided to purchase it. This proposal was not viewed as ideal,
but only as a better alternative than the rule Alberta eventually did imple-
ment, requiring that congestion be completely eliminated. It also has the
advantage of not depending on or blessing the exercise of market power.

5. PERFORMANCE-BASED REGULATION FOR
TRANSMISSION MONOPOLIES (TRANSCOS)

The planning process provides non-directive and generally weak incentives.
Planners know that if they do a demonstrably poor job, they may find
themselves out of work. This provides an incentive and most engineers are
actually quite motivated by this and by professional pride and a desire for
professional recognition. Consequently, it is a mistake to believe that the
planning approach lacks good incentives. However, these incentives may
differ from a pure incentive to minimize the total cost of delivered power
and may put too much weight or not enough weight on reducing com-
plaints about the occasional outage or about congestion that inhibits trade.
Consequently, it may be better to design explicit formulas that determine
monetary rewards for minimizing total cost. These rewards cannot easily
be applied to individuals, so the standard approach is to apply them to the
profits of a regulated monopoly, a transco.

Any regulation of a monopoly provides financial incentives, but often
these have not been explicitly designed or even considered. The incentives
of cost of service regulation are usually poorly thought out and derive
mainly from unintentional lags in rate setting and the subjective applica-
tion of rules such as the requirement that investments must be ‘used and
useful’. When financial incentives are explicitly designed, the regulation is
called ‘performance-based regulation’ (PBR), or ‘incentive regulation’.
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A Direct Approach to PBR for Transmission Investment

If it is assumed that power is available to all customers at the competitive
price, then the objective of transmission investment is the minimization of
the total cost of delivered power. Without the assumption of availability, cost
could be minimized by maximizing blackouts, and in the limit, delivering no
power at all. Because of occasional blackouts (load-shedding events), the
cost-minimization framework must be maintained by assigning a cost to
‘unserved load’. Assuming that this assignment of cost can be accomplished,
the goal of transmission investment is total cost minimization.

This goal is easily translated into a theoretical scheme for incentive regu-
lation (Gans and King, 2000; Léautier, 2000). A monopoly transco should
be paid a fixed but generous sum, R, per megawatt of delivered power less
the cost of congestion (C,, the redispatch cost) and less the cost of
unserved (lost) load, C; ;. In most power systems, $10/MW hour of deliv-
ered power would be more than sufficient for R.? The transco’s profits
would then be:

Profit=R - C-C,; - CT,

where CT = the rental cost of the transmission system.

As with a single transmission line, the rental cost of the system includes
the cost of capital as well as maintenance. Note that the transco does not
keep the congestion rent. If the transco can reduce the sum of Cpand C;;
by more than $1 by investing and thereby raising CT by $1, it will find it
profitable to do so and this will be beneficial to society. Hence this incent-
ive mechanism aligns the transco’s incentives with social welfare. Any
reduction in Cp+ C;; + CT increases the social surplus by the same
amount, and this amount goes into the pocket of the transco.

Note that this incentive scheme properly rewards ‘effort” which has a
non-monetary cost to the transco and is consequently not observable by the
regulator. If the transco can increase its monetary profit, as defined above,
by $10, but only by expending $9 worth of unobservable effort, it will pay
it to do so, as it should, since this is socially beneficial. As will be seen
shortly, this property is shared only by what are called ‘high-powered’
incentive mechanisms.

This scheme presents three difficulties, measuring C, and C,;, and
setting R. Congestion costs, C,, are the difference between the actual
wholesale cost of energy and the lower cost that could be achieved without
any transmission limits. The former is known in any system that publishes
nodal prices, and the latter is usually not very difficult for the system oper-
ator to compute. Occasionally there may be some difficulty with knowing
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how much certain generators could produce were they not constrained by
the transmission system, but most systems have on record a realistic esti-
mate of each generator’s output capacity and this should serve as an ade-
quate proxy for the true value. (Losses are quite easily estimated.)

The cost of unserved load is far more problematic. The standard error for
such an estimate is probably a factor of three. In other words, if it is esti-
mated to be $15,000/MWh, there is probably only a 68 per cent chance
(roughly) that the true value is between $5,000/MWh and $45,000/MWh.
(This is a purely subjective conjecture.) More problematic is the fact that this
cost occurs erratically. Major cascading blackouts may happen about once
every 20 years and result in half the load being lost for six hours. The cost
of such a blackout would be 6X0.5X$15,000 per MW of load which is
equivalent to about $7/MWh for an entire year. When such a blackout does
occur it could cost the transco a year’s revenue and result in bankruptcy.

Perhaps a solution to this is to undervalue lost load by a factor of 10 or
20 and use a nominal value such as $1,000/MWh. This would still result in
a rather erratic cost stream, but it might be tolerable. Certainly, consumers
would pay a significant risk premium to a transco under such an incentive.
Sometimes it will also be difficult to tell whether loss of load is due to gen-
eration or transmission problems, and this will lead to litigation costs and
other inefficiencies.

The problem of setting R is the most fundamental problem of regula-
tion. The regulator always has less knowledge (information) of the cost-
minimizing solution than does the regulated firm. Because of this, the
regulated firm can extract some ‘information rent’ from the regulator. In
general the stronger the incentive, the better the performance of the regu-
lated firm, but the more rent it can extract. The present scheme provides the
strongest incentive; the transco keeps every dollar of cost that it saves. As a
consequence it will be able to extract considerable rent. Specifically, the reg-
ulator knows that if it sets R below total cost, Cp+ C,; + CT, the transco
will go out of business, a result that must be avoided, but it does not have a
good estimate of total cost. Its only reasonable choice is to set R three or
four standard deviations above the cost-minimizing investment level of C,;
+ C,; + CT. Given the level of uncertainty in estimating this total, this is
likely to result in an extremely high rate of return for the transco.

Two Approaches to Reducing Information Rent
The advantage of the PBR scheme just described is that it strongly motivates
the supplier to expend cost-saving effort that is difficult if not impossible for

the regulator to observe. The disadvantage, as we have just seen, is that it
requires the payment of high information rents. In the case of transmission
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investment, these rents could be extremely high and well beyond any accept-
able level.

Because of such high information rents, it is desirable to reduce the
power of the incentive mechanism. Many types of PBR are forms of price-
cap regulation including the mechanism just described, though it is a rather
non-standard price-cap incentive. In that scheme, R can be thought of as
the fixed part of a two-part transmission price, the other part being the con-
gestion price. There are two standard ways of reducing the power of a
price-cap incentive. First, the cap, R in this case, can be reset periodically.
The more frequently it is reset, the lower the power of the incentive it pro-
vides. Second, profits under the mechanism can be shared between the
monopolist and the consumers. The smaller the share kept by the mono-
polist, the lower the power of the incentive. In both cases, lower power will
correspond to lower information rents paid to the transco.

Consider the periodic resetting of the price cap. When the price cap is
reset, the objective is to provide the monopolist with a certain allowed rate
of return during the next period. To this end, the values of C,, C;, and CT
will be estimated for that period. If the period is short, most of the transco’s
costs (CT) will be correctly anticipated and covered by the allowed rate of
return. The longer the period, the more cost will be saved or incurred unex-
pectedly. This will lead to unexpected changes in C;, C,, which will change
revenues. These intra-period changes in expenditure (C7) and revenue (R —
Cp— C; ) resultin profit deviations from the targeted allowed rate of return
and this provides some incentives for both cost minimization and beneficial
investment. The longer the period between rate cases, the greater the pro-
portion of expenditures for which the price-cap mechanism can provide an
incentive. At one extreme lies pure price-cap regulation and at the other
pure rate-of-return regulation. In between we find actual rate-of-return
regulation in which price caps are reset roughly every three years.

Timing is the major problem with using periodic price-cap setting to
achieve a lower-powered incentive and lower information rents. Investment
costs are often incurred over a much shorter period of time than the
benefits from the investment. Hence the reset period may be long relative to
costs but short relative to benefits. In this case a lower proportion of costs
than revenues will be captured in the resetting process. This will tend to dis-
courage efficient investment. This is related to the well-known incentive
problems that occur shortly before a rate case. At this time, it becomes
advantageous to make costs appear high and revenues appear low. Also the
incentive for investment in diminished shortly before a rate case, because
the regulator may view such expenditures as already paid for.

Profit sharing avoids these timing issue because it does not make peri-
odic adjustments, but instead shares profit in some fixed proportion on a
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continuous basis. Economic profit, for example m=R - C, - C;; — CT,
accounts for a normal rate of return on investment (in CT), so profit
sharing can never prevent a supplier from achieving a normal rate of
return, it will only bring it closer to that level.!0 If unshared profit, m, is
maximized by a certain investment strategy, then half of the unshared
profit, m/2, will also be maximized by exactly the same investment strategy.
Consequently, if there were no information problem with computing T,
profit sharing would leave the transco’s behavior unchanged. This would be
ideal. The excess wealth transferred by the high profits of pure price-cap
regulation could be reduced by any amount simply by setting the sharing
parameter appropriately and this would cause no loss of efficiency. But
there are information problems, and the fundamental trade-off of regula-
tion ensures that, if the power of the incentive is greatly reduced, efficiency
will suffer. That is true whether the incentive’s power is reduced through
periodic resetting of the cap, as previously described, or through continu-
ous profit sharing, but it is easier to explain the effect in the continuous
profit-sharing context.

To glimpse the contradiction inherent in ignoring the information
problem, consider, the case in which the dollar-valued economic profit, r,
divided by the invested capital needs to equal 50 per cent for the initial
determination of R in order to avoid any significant probability of bank-
ruptcy. If the normal rate of return on equity is 15 per cent, then the
monopolist will start out making a 65 per cent rate of return on equity.!!
To reduce this, consider a profit-sharing ratio of 1 per cent for the transco
and 99 per cent for load. This reduces m to /100 and brings the initial
return on equity to 15.5 per cent. If the transco raises 7 to 100 per cent with
a superb effort, it will receive 16 on equity and if it performs terribly, letting
r fall to 0 per cent, it will still receive 15 per cent on its equity. Even though
it prefers 16 to 15 per cent, this limited reward is not likely to induce the
effort level required to raise 7 divided by invested capital from 0 per cent
to + 100 per cent.

The important point about effort is that it is a real cost that is not
included in CT because it is not monetized. It is a cost that does not appear
on the books. It will, of course, affect costs that do appear on the books.
Effort will reduce these costs for the same level of transmission perfor-
mance or increase performance for the same level of monetary cost. Lack
of effort raises monetary cost relative to performance. Lack of effort, like
effort, can take many forms. It can take the form of ‘gold-plating’ offices
and equipment or ‘shirking’ by management and workers. Inefficient
expenditures can purchase tickets to the San Francisco Giants’ baseball
games as was done by a major California utility. ‘Graft’ is another type of
lack of effort; for example, the transco can subcontract a job to someone
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who pays a kickback to someone at the transco. As the rewards for effort
(good behavior) fall, all types of unwanted behavior will increase.

Profit sharing on a 50/50 basis takes away half of r, which means it takes
away half of revenues minus costs. If effort had a monetary value, then a
$10 effort that produced an $11 revenue would increase w by $1 before
profit sharing and by only $0.50 after profit sharing. In either case the effort
is worthwhile and will be induced. But because the effort goes unobserved,
its cost is not shared by the profit-sharing mechanism, and so the result of
the $10 effort is an after-sharing revenue of $5.50 which fails to compen-
sate for the $10 effort. Consequently, with 50/50 profit sharing such efforts
will not be undertaken. A $10 effort that produced a $30 increase in revenue
would still pay off even after profit sharing allowed the transco to keep only
$15 of the revenue. So profit sharing does not eliminate the incentive to
provide unmeasured but costly effort, it only reduces it. As the share of
profits kept by the transco decreases towards zero, the incentive to expend
effort decreases towards non-existent. This explains why profit sharing is
limited as a means to control information rents.

Difficulties with PBR for Transcos

The price-cap mechanism just described is most likely impractical because
it suffers from at least two severe difficulties. First, just as with merchant
transmission the tansco’s investments will pay off with very long lag times
and are consequently very risky (Brunekreeft and McDaniel, 2005). Typi-
cally, a large cost must be incurred over a period of several years, then for
several more there will be little or no return on the investment and finally,
10 or 15 years after the start of the project, significant payback will begin.
This is just one possibility, but a very plausible one. The risk of this delayed
payback contrasts sharply with society’s risk, which is much less because
the societal payback starts immediately upon completion of the line at a
rate equal to the rental cost of the line.

Second, transmission investments are tightly linked to reliability (Crew
et al., 2004; Sun et al., 2004), and the reliability part of this mechanism,
C, ;. introduces severe risks and promises to be extremely controversial if
attempted. Most of the major blackouts in the United States over at least
the last 35 years have been linked more to transmission problems than to
generation problems. This has tended to involve operations and invest-
ments other than major line and transformer investment, such as tree trim-
ming, computer systems for state estimation, and the setting of line-trip
relays. It should be possible to design a separate mechanism for perfor-
mance in these areas, but that will not completely disentangle reliability
from line investment.!2
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The motivation for upgrading a transmission path, which typically
involves several lines, is congestion on that path and the congestion cost,
Cg, that it causes. But this cost can be reduced in two ways, first by a
physical upgrade, and second by re-rating the path to a higher capacity. The
second approach is far cheaper, in fact is almost free, but it decreases
reliability. Unfortunately path ratings are not easily audited as they are
somewhat controversial even among engineers. This is because they are not
based primarily on hard data, such as the temperature at which a wire
melts. Instead, ratings must couple hard data with somewhat subjective
data, including probabilities of contingencies such as line and generator
outages.!3 Any powerful incentive to upgrade lines will also be a powerful
incentive to cut corners on contingency ratings. Consequently if there are
strong incentives to upgrade lines, there must also be heavy penalties for
cutting corners on path ratings. Since path ratings are too difficult for regul-
ators to monitor, these penalties must instead be applied directly to black-
outs which are very costly but occur very rarely. Imposing the cost of lost
load, C,,, is such a penalty, but as explained, it introduces severe risks and
would be extremely controversial. The danger of degrading reliability
appears to create severe difficulties for designing a useful PBR incentive for
upgrading lines.

A third difficulty, less severe than the first two, faced by any transco pro-
posal is the fundamental planning problem described above. Any realistic
transco incentive will induce the transco to invest in the lines that are
optimal for existing generation, not for optimal generation. The conse-
quence will be that generation investors will build generation based on the
transco’s response. For this circularity to produce the efficient outcome, the
charges used to supplement the congestion rents and provide the transco’s
revenues must be allocated in a way that induces the correct location of
generation.

A number of PBR alternatives for transcos have been suggested, includ-
ing some by Vogelsang based on the price-cap tradition, and which are
reviewed by Rosellon (2003) and Vogelsang (2004). Vogelsang’s most recent
proposal is related to these and the social surplus mechanism described
above. Unfortunately this proposal is still not able to solve the investment
problem taking into account reliability and load growth. His current con-
clusion is ‘Long periods mark the limits of regulatory commitment and are
still short relative to network investments. As a result, incentives should be
further weakened by adjustments based on rate-of-return regulation with a
“used and useful” criterion.” (p.141). PBR for transcos will be useful for
shorter-term incentives (Joskow, 2004), but it cannot yet be relied on to
solve the long-term investment problems.
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6. CONCLUSION

Currently, wholesale power markets are undergoing a slow and inefficient
development process marked by such events as the California meltdown,
the overbuilding of gas-fired generation in large parts of the eastern United
States, the largest blackout in US history, and the complete redesign of the
British market. In particular the generation investment problem seems to
remain far from solved, though some reasonable incentive mechanisms
seem to be on the drawing board.

Moreover, it should be recognized that transmission investment is crucial
to the functioning of the new energy markets. The less congestion, the less
market power in wholesale energy markets (Stoft, 1997; Borenstein et al.,
2000; Gilbert, et al., 2002). For example, San Francisco and New York both
suffer from serious market power because both have limited transmission
and must rely for significant portions of their energy on local suppliers. The
more transmission into these cities, the more competition in the wholesale
energy market. Moreover, in every market in the United States, there are
numerous examples of generation units under ‘regulatory must run’ con-
tracts. These give the market administrator the right to require the plant to
run and in return provide regulatory payments which are often substantial.
Such contracts exist largely where these generators have extreme market
power during some hours of the year because of transmission limitations.
Such situations have been numerous and problematic from the beginning
and show no signs of disappearing.

Fortunately it is extremely cheap to overbuild the transmission system a
small amount and thereby reduce market power below the level that would
be found under an optimized network. This is because, at optimal invest-
ment, the derivative of total system cost with respect to increased capacity
is zero. That is the first-order condition for optimality.

Neither a merchant approach nor a PBR approach is conducive to alle-
viating wholesale market power problems by overbuilding the network.
Both have biases towards underinvestment, and both are likely to be erratic
in their behavior during the decades it will take to tame the likely flaws in
their designs. Rate-of-return regulation is more adaptable. Provided the
regulator declares in advance that a line will be considered ‘used-and-
useful’, it should not be difficult to get the transco to build it.

Neither a merchant approach nor a transco/PBR approach has yet been
developed to the point where it could be considered useable in practice.
Both appear to be in rather early stages of theoretical development.
Moreover, it appears that any application of these approaches will require
a level of understanding and subtlety that is not yet apparent among regu-
lators, at least in the United States. Given these difficulties and the poor
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record of the energy market deregulation process, it appears to be too early
to begin any policy initiatives based on either of these approaches. With
transmission investment costs amounting to only 3-8 per cent of the retail
costs (Joskow and Tirole, 2002), it is better to rely on a relatively safe
approach to transmission investment, even though it is a bit less efficient
than results promised by some poorly understood theoretical approaches.
This is not to say that merchant transmission investment should be dis-
couraged. It should be allowed and regulated only lightly (Brunekreeft,
2004a), but it cannot be depended on and should not be the focus of those
concerned with ensuring sufficient transmission capacity.

Rate-of-return regulation applied to a transco or to wire companies
under the direction of an ISO is not without its drawbacks. Besides the fun-
damental planning problem discussed above, there is the additional
problem in the context of a deregulated generation market that both gen-
erators and load will constantly lobby regulators for more or less transmis-
sion. If the fundamental planning problem is not solved, some generators
will lobby for more transmission to get a free ride to market, while others
will argue for less to keep their local price up and allow them to exercise
more market power. Load will argue for more transmission from cheap
regions to expensive ones, not just to save production costs and dampen
market power (legitimate reasons), but also to exercise monopsony power
against generation in the high-cost regions. For years to come, transmission
investment appears to be the knottiest problem in the deregulation process.

NOTES

1. Returns to scale imply that transmission investment costs are non-convex. Lumpiness
refers to having to buy an integer number of transmission lines selected from a small set
of available capacities, but it is better understood as simply referring to a cost function
with a fluctuating slope.

2. Thisis not as bad as it sounds, because with growth, almost any line that saves more than
its rental cost at the time it goes into service will continue to be economic in the long run.

3. In fact it requires even more. Load is to a small extent determined endogenously by the
price of power, so it should be determined simultaneously, but this complication will be
ignored.

4. This section concerns strategic manipulation by generation, but it assumes that the
wholesale generation market is in every respect competitive. Manipulation is not the
result of market power, but of generation’s first-mover advantage in the optimization
game.

5. This assumes that the set of feasible transmission flows is convex, which is not quite true,
and that the feasible set of rights is based on average feasible power flows and not the
power flows that are possible only under ideal conditions.

6. From PJM’s document ‘FTR market frequently asked questions’ Updated February 1,
2005, question 49.

7. Found on www.pjm.com/markets/ftr/ftr.html, the website of PJM Interconnection, a
regional transmission organization (RTO) that coordinates wholesale power trading in
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a region of the US from Michigan to Washington DC, to Kentucky. It includes
44 million customers and 135,000 MW of generating capacity.

8. On the left is the cost of $16/MWh, but it falls linearly to zero before reaching the right
end of the lump.

9. For completeness the cost of replacing losses should be included in C,.

10. For example if profit = 1, then net operating revenue, R— C,—C,,, equals CT + 1, which
means that transmission investments are earning more than a normal rate of return. If
profit is cut in half, operating revenues still cover CT+ 112, and investments still earn
more than a normal rate of return.

11. Economic profit is profit above the normal rate of return on invested capital.

12.  Wilson (1997) addresses reliability in a franchise transco context.

13.  Stability ratings, though more firmly based in physics, also involve subjective judgments
as to how close is too close to the point of instability.
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GLOSSARY AND SYMBOLS

C, Congestion cost. Excess cost of energy from dispatching out of merit
order because of transmission constraints.

Cr Congestion rent. Revenue from energy injections at nodal prices less
revenue from energy withdrawals at nodal prices.

C, Congestion cost to load. Excess cost of energy to load due to trans-
mission constraints.

C;, Cost of unserved (lost) load.

CT The rental cost of the transmission system paid by a regulated
transco. Includes the annualized costs of capital and maintenance.

CRR Congestion revenue right which pays (Py — P,) O, during time
periods T.

FTR PJM’s financial transmission right. The obligation variety is the
same as a CRR except that the revenues are adjusted for any revenue
surplus or insufficiency it total congestion rents. The option variety omits
the negative payments possible with an obligation.

G The transmission grid.

ISO One of several ‘independent system operators’ that run markets in
the US. They have now switched status to become RTOs, (regional trans-
mission organizations) in keeping with the Federal Energy Regulatory
Commission’s changing terminology.

K The capacity in MW of a transmission line.

NYISO The New York Independent System Operator.

P, , Py Nodal energy prices at nodes A and B.

PJM The ISO now covers Michigan, Pennsylvania, Washington DC,
Tennessee and more, with 44 million consumers and 135,000 MW of gen-
erating capacity.

P, Price in the local region

P, Price in the remote region

QO The megawatt flow named in a CRR, or on a line.

R The regulated price paid to a transco per MWh of delivered power.
RTO Regional transmission organization. The new name for an ISO in
the US.

T The time period covered by a CRR, for example, peak hours during 2010.
Transco A regulated monopoly transmission company.

W, The net power withdrawal at node i.





