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Electricity transmission pricing: 
an international comparison 

Richard Green 

This paper discusses six criteria for electricity 
transmission prices, concerned with economic effi- 
ciency and political implementation. Prices should 
signal the costs of using the transmission system, 
but this may conflict with the need to produce a 
clear message that users can understand, given the 
complexity of transmission costs. Changes to trans- 
mission prices are also likely to produce winners 
and losers, and so political constraints may impede 
cost-reflective changes. This paper draws out some 
of these themes, using examples from eight studies 
of transmission pricing systems, written by mem- 
bers of a working group of the Energy Modeling 
Forum. © 1997 Elsevier Science Ltd. All rights 
reserved. 
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Introduction 

In a market economy, prices have two functions. The first 
is to act as a signal of relative costs. If the price of good 
A is twice the price of good B, then any buyer has to give 
up twice as much of any alternative goods to acquire a 
unit of good A, as for a unit of good B. We should be able 
to infer that all those who choose good A in preference to 
good B value it at least twice as highly. Those who place 
a lower value on good A will not purchase it. A 'social 
planner' would need a vast amount of information in 
order to allocate a fixed amount of good A to those who 
valued it most highly. In the market mechanism, buyers 
signal the relevant information in their willingness (or 
not) to pay a given price. Strict assumptions are required 
to 'prove' that the process ends with the good distributed 
in an optimal manner, but experience tends to show the 
problems involved with any other way of distributing 
scarce goods. 

The role of prices as signals becomes even more 
useful when the quantities of goods available are not 
fixed, and resources must be allocated to produce the 
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goods. Prices can now signal the relative cost of 
producing a little more of each good. Good A may be 
twice the price of good B because it requires twice as 
many hours of labour to produce at the margin. An extra 
unit of good A should only be produced if there is a 
potential user who values it twice as highly as the 
alternative, a unit of good B. If a purchaser can be found, 
this is exactly what their willingness to pay the higher 
price implies. Prices can aggregate information about 
production costs: to build a car may require a tonne of 
various materials, a large factory, and several hundred 
hours of labour, while a bicycle might be built in fifty 
hours in a workshop, with 20 kg of materials. A social 
planner would need to know this, and how each material 
was produced, before deciding how many cars and 
bicycles should be made. In an efficient market, the price 
of the good is equal to the sum of the cost of each of the 
inputs required, and decisions are decentralised. Con- 
sumers buy bicycles if the price offers good value 
compared to the price of cars, while producers build 
bicycles if they can obtain a price at least as great as the 
marginal cost of the materials and labour involved. 

The second function of prices is in distribution--they 
determine how many resources are transferred when a 
transaction takes place. This is vital to their function as 
signals--the messages are only believable if consumers 
and producers are forced to 'put their money where their 
mouth is.' It is also unfortunate. Agents have an 
incentive to distort prices in their favour--buyers would 
like to reduce prices, and sellers to raise them. A 
monopolist might attempt to raise the price of good A to 
3 times that of good B, and would earn large profits from 
doing so. Some people would stop buying good A and 
start to buy good B. They would still value good A more 
than twice as highly as good B, and it would still only 
take twice as much time to produce each unit, and so this 
change in economic activity would leave society worse 
off. If they are too far from costs, prices become a 
hindrance rather than a help to an economy. 

A perfectly competitive market produces an optimal 
outcome because all agents realise that they cannot affect 
prices by their own decisions, and so respond to them as 

177 









In Japan, independent generators have to pay a per kWh 
charge based on the costs of the transmission system, 
together with their share of losses. These charges may 
send appropriate signals for investment, even though 
Asano suggests that since they do not reflect day-to-day 
conditions, they cannot help with the short-term effi- 
ciency of the system. Transmission users in England and 
Wales face regionally differentiated charges per MW of 
peak demand or generating capacity, which are intended 
to reflect the National Grid Company's marginal invest- 
ment cost of providing sufficient capacity. Generators 
have a significant incentive to locate in the south and 
west of England, where the load exceeds the local 
generation, as a result of these charges. Even so, the 
simplified algorithm used to calculate the charges may 
produce differentials which are smaller than the true 
difference in costs involved. 

Signalling the need for investment in the 
transmission system 

Transmission prices can also be used to signal the need 
for new investment in the transmission system--indeed, 
transmission investment is often an alternative to moving 
a planned investment in generation or on the demand 
side. Prices will only produce a useful signal, however, if 
they are based on marginal costs. If the marginal cost at 
two adjacent nodes is very different, that is likely to 
imply that the flow between them affects a transmission 
link which is not strong enough. In an unconstrained 
system, the cost depends solely upon losses, which are 
closely estimated by the square of the power flow times 
the resistance. Extra investment could reduce the resis- 
tance, and hence the losses. Similarly, the opportunity 
cost of congestion comes from the fact that cheap 
generation cannot be accepted onto the system because it 
runs the risk of overloading a transmission line, and so 
more expensive stations must be scheduled instead. If the 
congestion could be relieved, then it becomes possible to 
increase output from the cheap station, and reduce the 
cost of generation. 

There are three potential problems in using high price 
differentials as the signal for investment in the transmis- 
sion system. First, most investments are lumpy, and will 
lead to significant changes in flows, and hence in prices. 
An investment may allow an extra 100 MW to flow from 
a low price to a high price node, and the cost of the 
investment would be covered by the existing price 
differential multiplied by the 100 MW flow. Once the 
investment is made, however, and the flow takes place, 
the price differential is largely eroded. The investment 
was correctly justified by the ex ante prices, but would 
make a loss at the ex post prices, unless the investors 
could 'lock in' to the ex ante prices. Transmission 
congestion contracts have been proposed as a means of 
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locking in to high price differentials and allowing 
investment to be financed. 

The second problem occurs when transmission owner- 
ship and investment is divided among several 
companies, and the actions of one could create sig- 
nificant externalities. The cheapest way to increase the 
flow along one congested link may be to build a line 
between two nodes on another company's system. This 
would not be economic for that company unless a side 
payment can be arranged. There are also negative 
externalities: increasing the capacity of one link may 
reduce the capacity of others. Bushnell and Stoft 
(forthcoming) demonstrate how transmission congestion 
contracts can internalise both positive and negative 
externalities: the investor is given any set of contracts, 
which, when combined with any existing contracts, is 
consistent with the network's new capacity 4. 

The third problem is that the transmission owner is 
likely to earn significant amounts of revenue from 
marginal cost pricing in the presence of heavily loaded 
lines which cause constraints or high losses. This could 
create a perverse incentive for the system owner--an 
inadequate system would produce greater revenues and 
lower costs (for the transmission owner) than an optimal 
one. In practice, revenues from marginal cost pricing are 
almost always 'topped up' to produce an adequate total 
revenue for the system owner (see the following 
objective). As long as the total revenue, rather than the 
'top up', is regulated, then the transmission owner will 
have no incentive to raise money from bottlenecks. Most 
regulatory systems will allow the costs of alleviating the 
bottleneck to be passed on in prices, ensuring that the 
transmission owners have no reason not to invest when 
additional capacity is required ~. 

In practice, most of the industries studied here have 
not used prices to guide their investment decisions. In 
Japan, for example, the transmission system is owned by 
the regional utilities, which are responsible for building 
and maintaining an efficient and economical power 
system. Transmission investment decisions are internal 
to each company, and normally based upon its own 
needs. The National Grid Company in England and 
Wales has a similar duty, although it is also required to 
facilitate competition and meet users' reasonable 
requests for connection to the system. How it does so is 
a matter for the company. 

In New Zealand, however, transmission prices are 
used to guide investment decisions. Trans Power, a state- 
owned utility, is responsible for operating the 
transmission system, and for planning expansions. Elec- 
tricity spot prices in New Zealand are equal to nodal 
marginal costs, and system expansions are justified if the 
difference in prices with and without a scheme equals the 
cost of the scheme. The market-based rule used by the 
industry is that investment should only go ahead if a 
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coalition of users willing to pay for it can be found. Read 
reports that these principles have been followed for some 
years and applied to a number of projects, although it 
was recognised that Trans Power might have to part- 
finance schemes 'on behalf of dispersed stake holders'. 

Compensating the owners of existing transmission 
assets 

It should not be surprising that this objective has figured 
heavily in the design of transmission pricing systems-- 
existing participants are invariably involved in the 
negotiations which create a new system, and they are 
concerned about their future revenues. In some countries, 
it could be unconstitutional to design a regulatory system 
that would not give fair compensation to the owners of 
transmission assets. Even where the legal system might 
allow the introduction of transmission pricing which did 
not promise adequate returns to existing assets, this 
would be undesirable. Future investment depends upon a 
credible promise that those who finance it will receive an 
appropriate return on their investment. If potential 
investors see the effective expropriation of existing 
assets, they will be unwilling to invest in the future. 
Spiller and Martorel (1996) suggest that when govern- 
ments cannot commit themselves to give adequate 
compensation to the owners of existing assets, private 
ownership will be impossible. They contrast the trans- 
parent regulation of the Chilean electricity industry, 
which was successfully privatised, with the public 
ownership which was the 'default mode' in Argentina, 
Brazil, and Uruguay during the 1980s, where regulation 
was politicised and prices often failed to keep up with 
inflation. 

The overall level of transmission charges is generally 
set to allow the transmission owners to recover a 
regulated level of revenue. In Texas, for example, this is 
equal to their embedded costs. Price controls are used in 
England and Wales, but an asset base is included in the 
calculations when these are reset, and this is generally 
related to the companies' market value at privatisation 
(which is typically below the replacement cost of their 
assets). 

The allowed revenue is typically much greater than the 
amount which would be recovered from the 'signalling' 
prices. In Norway, for example, loss-based energy tariffs 
covered only 25% of the grid's costs in 1995. A further 
21% came from systemwide charges on peak consump- 
tion and generating capacity, and 51% from a charge on 
net exchanges with the central grid system in its peak 
hour 6. In England and Wales, 'transport' tariffs based on 
a model of marginal investment costs were expected to 
raise just over 20% of the grid's allowed revenue. A 
further 70% was justified as the cost of system security, 
while the remaining 10% of the grid's allowed revenue 
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was simply claimed as a 'residual.' This would be 
achieved by raising each generation charge by, say, 
£2/kW, while the charges on peak demand would be 
increased by, say, £8/kW. 

While the additional revenue requirements are often 
recovered from all transmission users, generators in 
Chile are only charged for the assets which they are 
deemed to use. The 'area of influence' corresponds to the 
lines and substations which are significantly affected by 
the generator's output, using load flow models. In 
Argentina and Bolivia, distribution companies also make 
payments on a similar basis. 

The problem with recovering historic costs from 
transmission prices which are intended to reflect mar- 
ginal costs is that the cost recovery component can dwarf 
the marginal cost messages. For some years, New 
Zealand attempted to get round this by calculating cost 
allocations in a similar way to the South American 
systems just described, but then basing charges on a 
10-year rolling average of the past cost allocations. The 
hope was that this would mute the effect of current 
decisions on any one year's charges, and mean that the 
charges would not distort the marginal cost signals from 
the spot prices. A new system has been introduced in 
which users will pay for (negotiated) blocks of capacity: 
if these payments are seen as fixed, then the marginal 
signals should not be distorted. 

Simplicity and transparency 

If transmission prices are to send useful signals, it is 
important that they are understandable. If users do not 
know how much they are paying for transmission, they 
cannot change their actions in response to the charges. It 
can also be helpful (not least in political terms) for users 
to know how price differentials are calculated, and why. 
At the same time, if prices are to reflect marginal costs, 
which are complicated, they cannot be overly simple. 
Some countries have chosen to send more accurate cost 
messages, and accepted that their price system must be 
relatively complex, while others have deliberately sim- 
plified things. 

The 'contract path' pricing used in New England (and 
other systems) until the recent past is an extreme case of 
simplicity. Each transmission-owning utility has a 'post- 
age stamp' wheeling charge per kW year. This might be 
obtained by dividing its costs of transmission by its peak 
demand. Utilities which wished to exchange power 
would have to negotiate a contract path across any 
intervening systems, and pay each of those systems its 
wheeling charge. In practice, the transaction would 
usually affect power flows on other utilities' systems, but 
these would neither receive payments nor make them (in 
the event that their costs were reduced by the transac- 
tion). 



The use of  zones rather than nodes for pricing 
purposes is a common simplification. In England and 
Wales, the National Grid Company is about to change its 
zones for demand charges so that they coincide with the 
areas served by the 12 Regional Electricity Companies, 
even though it will be using 16 zones to reflect its costs 
in its generation charges. NGC was also concerned about 
' transparency',  which it interpreted to imply the use of  a 
very simple model when calculating the load flows on 
which its prices are based, and made the data involved 
available to interested parties. Others, however, see a 
distinction between simplicity and transparency; the 
New Zealand system is transparent in the sense that it is 
based on a specific, auditable, model, although that does 
not mean that every market participant understands it 7. 

Political implementation 

It is possible to give an 'economic '  benefit that comes 
from each of  the first five principles. Sending signals 
about costs leads to efficient decisions, compensating 
investors encourages them to invest in the future, and 
choosing simple prices helps ensure that the signals are 
acted upon. It is hard to think of a corresponding benefit 
from the sixth principle, but it is of great importance. To 
put it bluntly, if too many influential agents are likely to 
lose from a proposed pricing system, they will make sure 
that it will never be implemented. 

Most 'traditional' transmission pricing systems tended 
to understate cost differentials. The newer schemes 
discussed in this symposium are likely to align prices 
more closely to costs, and hence to increase the charges 
for some users. These users are likely to object. Since 
most of the schemes discussed here have been imple- 
mented, the losers' objections must have been overruled. 
The schemes therefore meet the political constraint, but 
we can sometimes see its impact. In England and Wales, 
for example, increases in transmission charges were 
capped, so that the changes had to be phased in over four 
years. In California, two local constraints have been 
ignored when designating zones for the new market, so 
that even though generators within these areas (San 
Francisco and Humboldt) may receive high prices, 
charges to consumers are likely to be uniform within 
each utility's area, as at present. (Existing differentials 
between utilities are likely to be preserved for the time 
being, however.) There is an unresolved debate as to how 
far utilities which are not 'self-sufficient' and import 
power from neighbouring areas should have to bear part 
of the cost of  those areas' transmission systems. 

Texas has recently adopted a transmission pricing 
system in which prices can have a perverse relationship 
to costs. A statewide 'postage stamp' will recover 70% of 
the costs of  the transmission system, but the remaining 
30% are to be paid for on a 'vector absolute megawatt- 
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mile' basis. A system model will be used to calculate the 
impact of  each planned transmission service, measuring 
the absolute value of  the change in the flow over a line, 
multiplied by its length in miles. A long-distance 
transaction which increases the flows on a large number 
of  lines will have to pay a large fee, even if the lines are 
not heavily loaded. In fact, to send power in the opposite 
direction, which would actually decrease power flows 
and costs, would involve exactly the same charge. 
Sending price signals of this kind is unlikely to reduce 
the system's costs. The main message seems to be to 
discourage long-distance transmission, even when it 
would reduce costs. This would be in the political 
interests of a utility that did not want to face competition 
and sought to increase the costs of any company 
attempting to sell into its 'patch',  but it seems surprising 
that the system was actually adopted. 

Conclusion 

This introduction has attempted to draw out some 
common themes from the papers which make up the 
symposium. I have not attempted to summarise the 
papers--the diversity of  systems is too rich. Some have 
tried to send sophisticated cost messages, while others 
are content to collect their allowed revenues while 
sending approximate signals about their costs. None of  
the authors claims that they have ' the'  right answer, and 
it probably does not exist. All we can do is learn from 
each others' experience, and hope for incremental 
improvements. 
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t 'Simply' is perhaps something of a misnomer, given the dynamic 
constraints of power plant operation. Some stations are cheap to start 
but expensive to ran, while others may have minimum intervals 
between startup and shutdown, or vice versa. The despatch algorithm 
must include all of these constraints. 
2In practice, this surplus will only cover part of those fixed costs, so that 
other charges will have to be added to marginal cost prices in order to 
recover the total costs of the transmission system. 
3This might still be better than the first system, however, and could be 
appropriate for a constraint whose extent and cost were sufficiently 
predictable. 
4The feasible allocation rule can force investors to take contracts to 
offset any reduction in the possible flow across constrained links, and 
hence internalises any negative externality. 
5In fact, the ability to pass on the costs, plus a profit margin, means that 
transmission owners may wish to exaggerate the amount of investment 
needed in their system--the Averch-Johnson effect. 
6There are proposals to collect all of this revenue (around 70% of the 
total) from systemwide charges on generation capacity and gross 
demand at the peak. 
7Price systems do not need to be understood by everyone if they are to 
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work, of course, as long as people can observe the prices which are 
relevant to them, and respond appropriately. 
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