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INVESTMENTS IN GENERATION 
AND TRANSMISSION

François Levêque and Geert Brunekreeft

Electricity liberalization brought, among others, a profound change in the terms of 
investment in both generation and transmission. Decisions concerning the construc-
tion of new power plants, in particular the timing and the technology mix (i.e., the pro-
portion of hydro electricity, nuclear, thermal, etc.) now depend on decentralised initia-
tives of investors and not on public authorities. As for transmission, which remained a 
monopoly, the reinforcement and expansion of high-tension power lines are no longer 
directly controlled by the generators. System operators have greater leeway for initia-
tive. Depending on the specifi c case, they can sell transmission rights, submit invest-
ment programs to the regulatory authority, or invest as they see fi t. In short, investments 
in an electricity system that is open to competition will no longer be coordinated by the 
same mechanisms as in the past. Th e planning that enabled a monopolistic and verti-
cally integrated producer to adjust base and peak load capacities, as well as generation 
and transmission capacities, has been replaced by a series of decentralised decisions 
partly based on prices. Ideally, an optimal level of investment in the electricity system 
would involve joint optimisation of investments in generation and transmission. In 
fact, the goal is to minimise the cost of electricity to consumers. From an economic 
perspective, generation and transmission are complementary goods; if the price of one 
decreases, the quantity sold of the other increases. Th e mechanism underlying this phe-
nomenon is simple: consumers are only sensitive to the total price of electricity, as they 
do not consume the generated electricity and the transmission service separately. Con-
sequently, if the price of a KWh falls, ceteris paribus, they will consume more electricity 
and demand a greater quantity of the transmission service. Consequently, investments 
in generation and transmission complement each other.

Sometimes, however, investments in generation and transmission are substitutable. 
For example, in an isolated region with limited interconnection with the grid, a rise in 
local demand can be satisfi ed by either reinforcing the line or building a new power 
plant within the zone. If both investments occur simultaneously, then neither will be 
profi table. When both activities are combined within a single fi rm, joint optimisation 
of investments is deemed self-evident, since the stockholder or manager maximises 
overall profi ts. In an electricity system that is open to competition, the visible hand of 
the manager fails to ensure coordination between generation and transmission. Trans-
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mission is separated from generation in one way or another (i.e., accounting, manage-
rial, or legal unbundling) in order to ensure that rival generators have equitable terms 
of access to the grids.

Th is new situation opens the door to strategic behaviour on all sides. In order to 
provide for future investments in transmission, the transmission system operator (here-
aft er, TSO) must be informed of future investments in generation. Conversely, to plan 
these investments in generation, producers require forecasts of the TSO’s future invest-
ments in the grid. In order to escape from this deadlock, one of these stakeholders must 
“draw fi rst” by revealing its intentions and proceeding with the investment. However, 
the fi rst to invest becomes hostage to the other, since it is impossible to move a power 
plant, or pylons, without forfeiting the bulk of their value. Th is is the classical economic 
problem of the hold-up occasioned by stranded costs. Th e upshot is generalised under-
investment: each party, knowing that it may be taken hostage ex post, reduces invest-
ments ex ante. Th us, we cannot apply the idealised rule for investment in transmission, 
which would have the system operator plan investment by optimising transmission and 
generation as a function of future demand and then lay the power lines in the hope that 
the market will induce generators to invest according to plan.1

Nonetheless, it is necessary to avert such waste by fi nding some way to coordinate 
investments in generation and transmission. Various instruments, such as fi nancial 
transmission rights and a zone-based rate structure for the grid, have been proposed in 
the recent economic literature.2

Let us examine how to optimise the utilisation and size of the grid when generat-
ing capacity is optimal, and how to optimise the utilisation and volume of generating 
capacity when the grid is optimal.

Aside from grid constraints, what obstacles must the market mechanism contend 
with so as to yield a socially effi  cient level of investment in generation, i.e., a level that 
satisfi es the users’ needs at the lowest cost?

Th e optimal investment in electricity generation is precisely determined by eco-
nomic theory, which addresses both total capacity and its distribution amongst power 
plant types. Th ese latter, in fact, diff er both in terms of variable costs, which are usually 
linked to the price of fuel, and fi xed costs, which essentially refl ect expenditures on 
construction. For a nuclear power plant, the former are low and the latter very high; for 
a gas turbine this is inverted. Consequently, nuclear plants should be used throughout 

1 Notice that application of this idealised rule not only runs up against the opportunism of generators. 
It also assumes that the SO (or the competent regulator) acts in the public interest, is able to forecast 
future energy demand, and is able to precisely defi ne the optimal level of capacity (i.e., the number, 
type, and location of plants) and the grid confi guration that will satisfy that demand effi  ciently. 

2 See in particular: Hogan, W.W. (1992) “Contract Networks for Electric Power Transmission,” Journal of 
Regulatory Economics, 4: 211–242. Joskow, P.L. and J.J. Tirole (2004a), “Merchant Transmission Invest-
ment,” Journal of Industrial Economics, 2004. Chao, H.P. and S. Peck (1996) A market mechanism for 
Electric Power Transmission, Journal of Regulatory Economics, 10, 25–29.
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the year to meet base-load requirements, while gas turbines should only be called on to 
meet peak-load demand at times of the year when there are spikes in demand.

Simple models of optimal levels of generating capacity generally considers two to 
three types of diff erent plants. Th ey permit to demonstrate how to identify the load-
duration curve for the 8760 hours in a year and how to translate it into an hourly price 
curve. Naturally, the highest price is found when demand is greatest. As this demand 
exceeds available capacity, the equilibrium price is not set at the marginal cost of the 
last unit generated, but rather at a higher level equal to the marginal opportunity cost 
of consumption (i.e., above which the last consumer prefers to forgo rather than con-
sume). Th e gap between these two marginal costs thus allows the peak-load plant that 
operates for the shortest period during the year to cover its costs. Notice that this result 
contradicts the conventional wisdom that the electricity market is incapable of ensur-
ing that plants’ fi xed costs are being covered. Th is confusion arises from overly hastily 
equating the equilibrium price with the marginal cost of generation. In the presence of 
congestion, as during extreme peaks in this case, the shortage must be managed and 
resources allocated to those economic agents on whom the lack of access imposes the 
greatest cost.

Furthermore, economic theory predicts that if the peaking plant that is used least 
covers its total costs, and if the allocation among the various means of generation is 
effi  cient, then all other plants can cover their total costs.

Th e preceding economic model assumes that there is no uncertainty in terms of 
demand.3 However, consumers’ reactions to price changes are very poorly understood. 
Except in the case of certain large consumers, who adjust their consumption to varia-
tions in the real-time prices on the spot market or accept compensation for forgone con-
sumption, information on the price-sensitivity of demand is inadequate. Most consum-
ers are not confronted with hourly, or even daily, fl uctuations in the price of electricity. 
Th eir consumption is measured on a monthly or quarterly basis, and they are charged 
a rate per KWh that is independent of the hourly distribution of their consumption. 
Shielded thus from real-time price volatility, they have no need to hedge against the risk 
of high prices. Furthermore, most domestic consumers cannot be disconnected indi-
vidually. And yet, there is no reason to believe that residents of residential neighbour-
hoods will face the same opportunity cost of not consuming. However, since they are all 
hooked into the same distribution network, creating a market of interruptible contracts 
cannot be envisaged. Consequently, there is no mechanism for revealing households’ 
willingness to pay during peak hours.

Note that the underlying problem of short-term price-inelasticity of demand did 
not originate with the opening of electricity systems to competition. Under the pre-
vious arrangement, estimates of the value of electricity lost in the event of a service 
interruption (Value of Loss Load, or VOLL) were simulated by the planner in order 

3 It also assumes risk-neutrality of investors. Risk aversion leads to under-investment in peaking plants 
– some of which are only profi table, in principle, if they operate several hours per year on average.
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to decide when generation capacity needed to be boosted. When the cost of the new 
investment was lower than the benefi t of the averted service interruption—VOLL mul-
tiplied by the reduction in risk of blackout attributable to the increased capacity (Loss 
of Load Probability, or LLOP)—, the investment was deemed worthwhile. To fi x an 
order of magnitude, if VOLL is €10,000 per MWh, then the public interest is served by 
the construction of a power plant that will reduce the risk of interruption by approxi-
mately fi ve hours over the course of a year. Today, with electricity systems that are open 
to competition, VOLL can also serve as a reference value. For example, during critical 
periods, a systems operator may decide to purchase power at a price equal to VOLL. In 
this event it is acting in the name of, and on behalf of, consumers.

However, it is quite unusual for the regulatory authorities to authorise such an 
astronomical price on the spot market, even during critical periods. Th e very potential 
of prices to reach that level provides a powerful incentive to generators to withdraw 
some capacity from the market so as to drive up the price – i.e., to exercise their market 
power during periods of tensions between supply and demand. Th us, for reasons of 
social acceptability and market power, the spot price is oft en capped by regulation at a 
level far below the VOLL. Th is type of intervention inevitably distorts the market signal 
towards under-investment, and the plant with the shortest period of operation during 
the year can no longer cover its fi xed costs. Th e entire cascading structure for covering 
the fi xed costs of the various plants collapses.

When real-time market prices are capped, undercutting investments, it becomes 
necessary to invoke other instruments to provide economic agents with a signal for 
the optimal capacity level. One elegant approach is based on the notion that generators 
do not supply a single good, electricity, but rather two goods, energy and capacity. Th e 
consumer values two services, the power itself when she wants to watch television or 
turn on a light, and also an option value for being able to do this at any time. From this 
perspective, generators should be compensated for the capacity they supply regardless 
of their utilisation.

Whether the selected system is obligation capacity or capacity payments, it is essen-
tial to bear in mind that the signals sent to investors originate at least as much from 
public authorities as from private agents. Th ese are on the side of the invisible hand 
of the market all decentralised consumption and generation decisions that propel the 
evolution of the price. And they are on the side of the visible hand of public interven-
tion the identifi cation and the setting of the price cap and calibrating VOLL. We shall 
see this hybridisation recur in the case of investments in transmission.

Like other network infrastructures, electricity transmission grids present techni-
cal and economic characteristics that are quite challenging from the perspective of 
resource allocation. Like highways and airport runways, electrical transmission lines 
are congested. As a result, use of these infrastructures by one agent may degrade the 
quality of service available to another. In economic terms, this is known as a negative 
externality. In the case of electricity, congestion may even result in the complete col-
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lapse of the system. If the electric current is not cut, the lines may stretch and melt! 
Again, like in the case of highway and airport infrastructures, investment occurs in 
discrete units, leading to discontinuous jumps in capacity. To expand a highway or an 
airport, a lane or a runway must be added in a single stroke. Smaller, fractional invest-
ments are impossible. In electricity, the line type for the high-voltage grid cannot be 
modulated by a single KV at a time. For example, either 220 or 400 KV must be chosen. 
Similarly, the gauge of the cable is not available in increments of a millimetre.

Th ese two technical-economic characteristics, congestion and indivisibility (or 
lumpiness), are sometimes evoked in defence of misguided concepts. A fi rst miscon-
ception is that investment must proceed until congestion is eliminated. In fact, if it were 
necessary to reinforce electricity transmission lines to the point that their capacities 
would be able to carry any and all transactions between generators and consumers at all 
times, the grid would be bloated and astronomically expensive. If, during a single hour 
in one year, a plant that is remote from a consumption zone is €10 per MWh cheaper 
than a local, more expensive generator, and if one MW of that generation cannot be 
transmitted to the consumers because of an inadequate line rating, then that line is 
congested during that hour. Th e cost of this congestion is €10 per year. Clearly, add-
ing one MW of capacity to that line would be much more expensive! Eliminating all 
congestion would only make sense if grid construction costs were nil. Obviously, this is 
not the case, and consequently the economically optimal level of congestion is not zero. 
In fact, it is found at the point at which the cost of reinforcing the grid is equal, at the 
margin, to the savings it makes possible, i.e., electricity that can be bought from farther 
away at lower cost. Th e second misconception is that investment should be undertaken 
as soon as the new line construction project is profi table. It may, indeed, be preferable 
to wait and opt for a much more profi table project later, one which will add far greater 
capacity at a single stroke.

As with any infrastructure, it is worthwhile to distinguish between effi  cient use of 
the network and effi  cient size of the network. In the fi rst case, capacity is treated as a 
given. Economic optimisation is thus a matter of allocating its use to the economic 
agents who value it most highly. Th eory predicts that the key to accomplishing this lies 
in setting the access price equal to the short-term marginal cost. In electricity, this cost 
has two components. Th e fi rst is due to ohmic losses that make it necessary to inject 
more electricity than is withdrawn at the other end of the line. Th e second component 
is congestion, which makes it impossible to replace local, high-cost electricity with less 
expensive power from a more distant plant. Notice that both of these elements of the 
marginal cost can be expressed as a function of the price of the transmitted power itself, 
for example in €/kWh. Th is allows us to establish an equivalence between the marginal 
cost of transmission and the marginal cost of generation. Between two local competi-
tive markets, the equilibrium transmission price will equal the diff erence in marginal 
production costs, so that a buyer will be indiff erent between buying from a seller who is 
closer but sells at a higher price and one who is farther away and sells more cheaply. Th e 
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energy pricing system that corresponds to setting electricity transmission fees equal to 
the short-term marginal cost is called nodal pricing, or marginal locational pricing. 
Th ese terms refl ect the fact that the electricity price is diff erent at each node of the 
network. It also varies across time, given that demand, and by extension congestion, 
fl uctuates between the nodes. For example, the systems operator of PJM (Pennsylva-
nia-New Jersey-Maryland), the largest electricity market in the United States, com-
putes the price at the 3,000 nodes several times per hour. Th e issue of effi  cient network 
size is an issue of optimal investment. Th e goal is to achieve the equilibrium size, i.e., 
expand capacity to the point at which marginal cost rises above the benefi t yielded by 
the expanding of the capacity. In electricity, we have seen that this benefi t amounts to 
displacing local generation with more remote, cheaper generation.

Th e distinction between effi  cient use and effi  cient investment arises because of a 
discrepancy between short-term and long-term marginal costs – the former being 
lower than the latter – and between marginal and average costs – the former again 
being the lower. Th ese discrepancies are explicable in terms of contingencies, as well as 
by the presence of lumpiness and economies of scale.

Th e essential result of the realities described above and the discrepancies they give 
rise to is that a price equal to the short-term marginal cost ensures effi  ciency in use, but 
does not fully cover the investment expenditures necessary to construct an optimally 
sized grid. In other words, the nodal pricing system does not compensate the fi xed 
costs of investments in transmission.

Th is is what keeps the market from operating effi  ciently. We note that, if there were 
no gap between the short-term marginal cost and the average cost, then a decentralised 
mechanism leading to an optimal level of investment might have been feasible. Th e 
underlying principle is to allocate transmission rights that yield congestion rents to the 
owners of each line as they are generated. Decentralised investments in transmission 
lines (called merchant lines by convention) are thus confi ned to modest growth. Th us, 
concludes Joskow,4 “Most transmission investment projects are being developed today 
and will be developed in the future by regulated entities”.

4 Patterns of transmission investments, Working Paper, March 2005. Th is paper is available at http://
econ-www.mit.edu/faculty/index.htm?prof_id=pjoskow&type=paper.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




