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Abstract:

Merchant electricity transmission investment is a pratyicalevant example of an
unregulated investment with monopoly properties. Howewehile leaving the
investment decision to the market, the regulator mayddeto prohibit capacity
withholding with a must-offer provision. This paper exaes the welfare effects of a
must-offer provisionprior to the capacity choice, given three reasons for agpa
withholding: uncertainty, demand growth and pre-gBwepinvestment. A must-offer
provision will decrease welfare in the first two cases] can enhance welfare only in
the last case. In the presence of importer market poaveegulatory test might be
needed.
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1. INTRODUCTION

Economists are alert to the potential inefficiencies refulation, and have devoted
considerable effort to devising market mechanisms that tmigtluce some of these
inefficiencies. The high pressure gas network in Brif#he National Transmission System)
operates under regulated Third Party Access (rTPAsidered the best form of regulation,
and now required by the 2003 Ethergy Directivel but in the past this required the
regulator to set the transmission tariffs. The form chogas an entry and exit capacity
charge that could (and did) give rise to serious bl of efficient rationing in the presence
of excess entry demand. The solution, which worked, weds to adopt auctions for entry
capacity while continuing to set exit charges acemydo long-run marginal cost (McDaniel
and Neuhoff, 2004). For similar reasons, electricinsmission lines are best subject to
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Tilburg University for useful comments and discossi Support from the CMI project 045/Promoting
Innovation and Productivity in Electricity Markeits gratefully acknowledged.



I'TPA, but the ELRegulation on Cross-border Exchan@C, 2003) requires that congestion
management should use “market-based solutions” such asresucti

Using auctions to allocate access to existing scarceahatwnopolies is efficient,
provided there are sufficiently many users wishing aceessthis has encouraged regulators
to explore market-based solutions for guiding investmeéetisions in such natural
monopolies, although this turns out to be considerablyenudfficult (Newbery and
McDaniel, 2003). This paper explores a particular tsmiuto this problem, in which private
investors are invited to construct electricity transmisdioes in return for the rights to the
revenue created by the spot price differential actbssline. These market prices would
therefore signal the need for, and provide the negdo, finance that investment, reducing
the cost to final consumers of mistaken regulated investmen

In the past vertically integrated companies (eithatesbwned or regulated utilities)
invested in transmission to meet specified security stascard to deliver power efficiently.
In liberalised markets transmission must not only ensureanketwtegrity and reliability, but
must also respond to the needs of generators who arengerlunder the control of the
utility. Regulated transmission system operators (TSOsktdteesponsible for managing
and maintaining the existing network, and for investi:i¢hat pass a regulatory test, and
whose costs can therefore be recovered from regulaa@dnission charges. Wholesale
electricity markets now open new opportunities fonsraission investment, as they provide
opportunties for wheeling power from low price to nigrice locations. The resulting
revenue makes it possible to contemplate merchant tranemissiestment (MTI), and as a
result many jurisdictions now allow third parties toestin transmission.

Merchant transmission projects are already operatingeiJSA and Australia, and
are under consideration in Europe. There is a diffszebetween the USA on the one hand
and Europe and Australia on the other. Timnedal pricing approach for congestion
management in the USA allows for a rather refined @gogdr towards MTI, as prices differ by
nodes, and point-to-point incremental Financial Trassion Rights can be designed to
internalise network effects induced by loopflowEhe rather crudeonalor regional pricing
approach for congestion management in Europe andaAastestricts MTI to inter-regional
interconnectors operating with direct current (D€ghinology. High voltage DC (HVDC)
interconnectors are controllable and can thus prewenwanted loop flows. These
interconnectors connect two different networks ared rawarded by the price differentials
between the two ends of the lihe.

This paper considers the regulatory issues that arideeifctiropean and Australian
context. For this setting the Australian ACCC provittesfollowing useful definition of MTI
as transmission investment “operating between two commepbints assigned to different
regional reference nodes, [..] supported by the tevystream generated by trading electricity
between the two interconnected regions, [and] naibé¢ to earn regulated revenue.”

2 Cf. Bushnell & Stoft [1996], Joskow & Tirole [20p5Hogan, [2003], Rosellén [2003] and Kristiansen &
Rosellén [2003].
3 Cf for a more detailed treatment Brunekreeft [J004



[ACCC, 2001, p. 126]. Note in particular that thisane that the market-based revenues are
unregulated and the same time that the investor isligdile to regulated (non-user-specific)
connection charges.

The regulatory debate has been provoked in Europehbyproposed BritNed
interconnector. BritNed is a 200 km long subsea HVD#ble connecting the United
Kingdom and the Netherlands, planned to be operdtion2007. The original planned
capacity was 1320 MW, but this was revised to 600 MWtNBd is a legally separate
subsidiary, fully owned by the TSO in the UK, Natib@aid Company (NGC) and the TSO
in the Netherlands, TenneT. The construction costsestienated at about €350 million,
partly funded by the EU’s program on trans-Europeawaoris (TEN). Revenues will be
derived predominantly from trading between the twavg@oexchanges (the UKPX in London
and APX in Amsterdam). Depending on various assumptioms ptbfitability has been
calculated between 7 and 23% [Newbery, Von der Belfan Damme, 2003, p. 8]. Due to
perceived high risk, the project is becoming incredgingcertain. The first merchant EU
interconnector to go ahead is Estlink connectingBhkic States and Finland. The European
Commission approved the regulatory exemption alreadytepleby the electricity regulatory
authorities in Estonia and Finland, which provideel lecessary assurances to the banks and
investors.

The legal framework for European MTI is laid dowrtle EURegulation on Cross-
border Exchange(EC, 2003), which entered into force on 1 July £208rt. 7 of the
Regulationallows new interconnectors to be exempted from regdl#hird party access,
although under rather stringent conditions. Theseudelthat the project should enhance
competition in electricity supply, and that exemptihdrom regulation does not adversely
affect the efficient functioning of the electricityarket or the regulated transmission system.
In addition, the project must be risky, legally sepadatrom the TSOs of the systems it
interconnects, and must be DC (except where DC is lptiv@ly expensive as compared to
the more normal AC). The requirement that the proghaiuld be risky to qualify for
exemption is important as will become clear below.

Why would one want to allow unregulated MTI in tliest place? After all,
transmission investment remains a classic natural monopalyrirggregulation to prevent
consumer exploitation and to assure independent geremit equal access to the market.
There is clearly an attraction of replacing regolatbby market forces where possible,
although in the past the public good nature of mosivor& investment has made this
problematic for transmission investment. The main reason oftgning transmission
investment to profit-motivated merchant investors is tiigtmay go some way to addressing
the perceived problem of under-investment in transmisartjcularly between systems
under different TSOs. Such under-investment can adsé¢hfee reasons. First, vertically
integrated utilities, owning both generation andhsraission assets, have relatively poor
incentives to interconnect their systems. Strongerdatmection will give some gains from
trade, but increases competition in their respectiveeiggion markets and may reduce
profits. If vertical separation of transmission from gatien is not feasible, an alternative
approach to this problem is to allow third partiesweest in transmission assets.



The second reason is that a new interconnector wil mge decrease prices on the
importing side, but increase prices on the exporting. didagencies at each end of the line
are authorised to grant or with-hold permission to dotiile line, the losing side may be
tempted to block construction of the line althougle 1me might be globally welfare
enhancing. One approach to this problem is to recheéhtesholds for approval and thereby
reduce the authority of the agencies. Under mar&sédh investment commercial feasibility
is the ultimate criterion which is for the investorslaxide.

The third reason was extensively discussed in Austratiangell summarised in Gans
& King [2003]. The argument relies on regulatory ume@ty concerning risky new
investment and the inability of regulators to commédaboly to refrain from “clawing back”
revenues after the investment has been SuBippose that the rate of return of the risky
investment in case of a bad state of the world is G#18% in a good state. If both states
have equal probability the risk-equivalent expecttdrn would be 10%, which might serve
as the agreed base for the regulated prices. At somg psually after 3 to 5 years, a review
sets out the rules for the price caps for the nextdolihe argument is that a regulator will
not modify its original views if the state of the woikl bad, while the regulator will be
tempted to strengthen rate regulation if the worlchguout to be good. Assume that the
regulator might reduce the allowed prices such thatdke of return is 10% if the good state
occurs. Anticipating this, the expected rate of reiar8% rather than the required 10%. It is
straightforward to see that this may lead to underinvexst or abandoning the project. It is
argued that credibility to refrain from interveniisgncreased by not regulating the risky new
investment at all (for a predetermined number of ydargiranting a “regulation holiday”.

The emergence of unregulated market-based transmissiestnment raises a set of
regulatory issues. Some of these have been exploreédebiputch electricity regulator in
anticipation on BritNed [Newbery, Von der Fehr & VBaamme, 2003; Brunekreeft, 2005].
The questions raised concern ownership, the access reenappropriate share of long-
term versus short-term access rights, and the applicatianmust-offer or use-it-or-lose-it
provision. The EURegulationmentioned above sets the rules for these provisionkaper
surprisingly, given the reasons for relaxing regulatiamnt. 7 does not exempt new
interconnectors from arts. 6.3 and 6.4. Art. 6.3 stdtas “the maximum capacity of the
interconnector [..] shall be made available to mageeticipants [..]", and art 6.4 amplifies
this: “ [..] any allocated capacity that will not beed shall be reattributed to the market, in an
open, transparent and non-discriminatory manner.”

For the purpose of this paper, these articles wikkdlkeed amust-offer provisior{art.
6.3) and ause-it-or-lose-it provisior(art. 6.4) respectively. These will be abbreviatath
MO and UIOLI respectively. The distinction we drawveeen the two is that MO applies to
the owner of the interconnector, who must offal of the capacity available to capacity
holders, while UIOLI applies to the subsequent holdérsapacity rights, who have their
rights returned to the (capacity rights or intercaoe auction) market if they are not

* In the context of price-cap regulation in genett® issue has been discussed in for instance Helm &
Thompson [1991] and Gilbert & Newbery [1994].



declared to the System Operators a certain numbero$ loo days in advance of the relevant
time. The practical distinction is that the owner isaiposition to exercise market power by
withholding capacity from the market in certain pdapwhile capacity holders may be too
numerous for it to be attractive for any single usemithhold capacity, even though
collectively it would be profitable to withhold cagity.

This paper addresses the question whether it can ballesior merchant investors
to be allowed to withhold capacity from the markdiattis, whether to waive the MO
provision under some circumstances. The basic trade-dffiails an MO provision may
forestall capacity withholding of an already-constedcinterconnector and thereby increase
short term welfare, but may have a detrimental effadhe investment (in size and timirg).
The concept of must-offer provision is relatively nemd das not received much attention.
One prominent application is in power generationh@ USA where the federal regulator
tries to identify (abuse of) market power via obsercagacity withholding. Harvey and
Hogan [2001] provide a critical assessment of this poligpy pointing out that capacity
withholding also occurs in competitive markets.

As noted, the distinction between MO and UIOLI refiershe two different levels at
which capacity utilisation should be considered. Tinst fapplies to the decision of the
investor about the size of the line, while the secaplies to the decisions by the users of
the line. If the investor sells off capacity rightsuse the line, these decisions differ. The
open-access regime in the USA with the requirement uctiam off the (financial)
transmission rights emphasises this difference. In the Auastraafe-harbour-approach it is
left to the line owner to decide whether or nosétl usage rights and as a result the access
question is left to the line owner; thus owner and aaer but need not, be the same. Europe
seems more likely to follow the Australian approachahse art. 7 of the EU Regulation can
exempt the new interconnector from (regulated) THedty Acces§.The term must-offer
will be reserved for the line owner and thus to thecation of the capacity rightsA must-
offer provision then simply means that all availableacaty should be offered in the market,
or in other words, that capacity withholding is nibd\aed.

The two provisions are distinct but related, as folloWse theory of vertical relations
is helpful, where the investor-level is denoted upsireand the user-level downstredm.
Three points are worth noting. First, an upstream MOvipion may also require a
downstream UIOLI rule. Otherwise the upstream line owmdr attempt to offer all the
rights to the single highest bidding user, who willrthaternalise the profits of capacity
withholding and pay for this with the winning bid.Hather this is possible depends crucially

® The articles 6(3) and 6(4) have been includeckfdsting interconnectors, but because art. 7 doegxempt
new interconnectors from these articles, they cawgr to new interconnectors. Since a provisioa tikat will
in general affect the investment decision, theed#ffice between existing and new interconnectaig/sficant.

® Whether this exemption applies to the “third paatcess” requirement or only to “regulated” requieat
remains an open question.

" Concerning the allocation of the line’s capacttysiunclear “what is lost if not used”; hence, teem MO
would be unfortunate for the allocation of the aaperights.

8 See e.g. Perry [1989] for a survey and Bruneki@é#2] for an application to the unregulated aedizally
integrated German electricity supply industry



on the details of the auction [cf. Joskow & Tirol@0R; and Grossman & Hart, 1980]. This is
equivalent to leveraging market power. Secondhé&re is no MO provision, then it will
generally be in the interest of the line owner taiseenaximum profits either by withholding
capacity at the upstream level or securing the podgilbdido so at the downstream level.
Hence, a downstream UIOLI rule will be superfluous.rdhif there is a downstream UIOLI
rule, then an MO provision should be applied as vegierwise the downstream UIOLI rule
would likely be by-passed at the upstream level. Whethat is possible depends on the
design of the usage rights. The line owner would retable to withhold capacity if all
capacity were sold off on long-term contracts. Howgvea sufficiently large fraction of
capacity is reserved as short-term contracts, or evencapatity, then the line owner does
have the possibility to withhold capacity.

A related point is whether these provision can bereatbat all. First, there might be
legitimate reasons why not all capacity can be offemedsome point, for instance for
maintenance and unforeseen outages. These reasonseqidied strategically to withhold
capacity. However, these concerns appear more proliewitdt generation assets than with
transmission assets that are normally far more reliabl@n8ethe capacity may be offered
at prohibitively high prices at which there is no dachaThis seems most likely at the user
level. Suppose there is one single user with all tipaaty rights. This user can withhold
capacity by offering the imported energy (for whittte capacity rights are used) in the
energy market at a prohibitively high price; as alteduacking demand this capacity would
not be scheduled and in effect capacity would béhhveid. This is likely to be more
problematic in a (pay-as-bid) auction for spot intergection capacity. In the context of
generators’ must-offer rules in the USA, this very mrablem triggers a bid-pricing analysis
by FERC: strategic withholding is said to occur if $idre higher than both the full
incremental costs and the market price [cf. Harvey & atp@001, p. 15]. This argument
loses relevance if there is sufficient competition antbedine users.

Whether an MO provision is enforceable depends onngridRegistered prices (i.e.
the line owner simply sets a price) can be prohiliivegh, whereas an auction would
require a prohibitively high reservation price. Inyacase, prohibitively high prices may
arouse suspicions of abuse of market power and atttaotiah, but at the same time given
that the revenues are unregulated this will be dusitd to identify, particularly if the capacity
is sold for different periods. Thus it may be reasontibket a very high reservation price for
peak hours in high demand periods, and a far lowee gar night-time use. If the object in
allowing merchant investment is to address under-investimemterconnection, it would
seem perverse to restrict the opportunities to earncmirfti profits to make the lumpy
investment worthwhile. For the moment we leave thesemsedmpetition policy issues on
one side and concentrate on an MO provision (impliesuming that the line owner is the
single user of the line) and assume that the provisienfaceable.

The paper considers a variety of cases to determingherhéhere are robust
regulatory rules about when to impose MO and when dwvevthe MO provision. In the
simplest case discussed first, the only relevant source rietmaower lies in the control of
the interconnector. In the second case the impocimtry also suffers from market power.



Within each of these cases there are a variety of med®o, and possible patterns of trade
over, the interconnector. It may be that flows aveagb in one direction, from a permanently
surplus low cost producer, or they may vary in directi@pending on the time of day or
season (e.g. from a storage hydro system such as Norvaayhgrmal system such as the
Netherlands). Import demand may vary about an unchaagechge or evolve over time,
raising questions of investment timing as well as amount.

The simplest case to consider is where the only relewanket power lies with the
owner of the interconnector and the line always irtgpdgenerators in the importing country
behave competitively, so the line owner faces a rekidemand schedule. As a further
simplification the costs of importing power (purchase astoad and any transmission
losses) are normalised to zero (i.e. the relevant don@stie is the excess over the import
cost). The actual cost of cheap imported power onlyasakdifference if there are generators
in the importing market with different marginal costshil® these two simplifications
sacrifice realism they do allow us to concentrate ereffects of an MO provision applied to
the line, which will be the primary aim of sectionSzction 3 will relax the assumptions.

In order to analyse the effects of an MO provisiorg tieasons for capacity
withholding need first to be identified. Given thravenues are unregulated, and given that
the capacity decision still has to be made, it is not ithately obvious why capacity
withholding would be a profitable strategy. We exagnihree reasons for possible capacity
withholding:

) Demand uncertainty and demand variability (i.eedicted variations in the
determinants of the spot price);

1)) demand growth; and

iii) pre-emptive investment.

The conclusions are as follows. If demand uncertaintthés driver for capacity
withholding, an MO provision is unambiguously weaklyifaee decreasing. Furthermore, an
MO provision unambiguously delays new investment and edses the capacity in
anticipation of demand growth; while numerical anaysiggests that it decreases welfare. If
pre-emptive investment is the determinant of the lipaciy, then an MO provision is likely
to increase welfare. If the line owner competes agamséerators on the importing side, their
market power on the energy market drives a wedge latwest and price in the importing
market. An interconnector can exploit this wedge af/éme importing cost is higher than in
the importing market. Thus in such case MTI may be weldacreasing.

2. MONOPOLY INTERCONNECTOR, COMPETITIVE ELECTRICITY MARKETS

2.1 Demand uncertainty

One of the important arguments for not regulating N8 ithe risk that if regulated, the
investor fears that he would lose the upside gains fisky new investment but bear the
downside losses. Risk requires some source of uncertaiatyisthmodelled as (residual)
demand uncertainty. Demand uncertainty also provide®tae for capacity withholding.



With ex antedemand uncertainty it may a profitable strategy twosk capacity for demand
states in which the residual demand elasticity is highwithhold capacity in cases where
the demand elasticity is low. That would be profitablbe monopoly output were below full
capacity. This situation can be countered with an pi@vision, which, however, will affect
the investment decision.

This section considers the case of linear (residual) deérnanfairly general demand
uncertainty. The results are strong and likely to gdise to a wider class of demand
functions. The costs of building the line are assumdxto

C(K)=F + pIK, 1)

whereK is the capacity of the ling; is the fixed ands the variable construction costs
(expressed as hourly equivalents, so that, for example, Miiemeasured in MW will be
a cost per MWh). The operational output of the lin€jswith Q < K. An MO provision
requiresQ = K.

The inverse demand schedule is

Ps =as —bQs, Qs <ag/bg, fors=L, H. (2

whereps is the price difference across the interconnector in stateeoivorlds, Qs is the
flow over the interconnecto) < K) and the price difference (for any level of demand) is
high in state of the world = H, and low in state of the worlsl = L. The condition orQs
ensures that the efficient price never falls to Zeket a5 be the probability of statge with

Yos = 1. Let the expected values of the state-dependent pararadtertheir unsubscripted
values, thus & = Xas as = a, and similarly Bs = b.

The MO provision
The line investor's objective is to choose capacity and output to maximise profits:

maxrzs =3 asPs(Qs)Qs = AC st Qs <K. 3
S’ S
The Lagrangean is
L =2 asPs(Qs)Qs ~ 2 As(Qs — K) =K, (@)
S S
and the respective first order conditions are:
ar 0 ps
= + -1s=0,0s, 5
aQS as[aQst sz /15 ( )

on
= ZAS—ﬁ:O_

° It is easy to relax this condition, and the resuiirror those of section 2.2.



Note that capacity utilisatio® is determined after the state of the world is knpwhilst the
investment decision is made under uncertainty. Suen equation (5) and use (6) to give the
interpretation that the expected marginal revesuequal to the long-run marginal cost of
capacity,,. We need to check that at the profit maximisingicé of outputs, revenue is
sufficient to cover the total capacity co§(K). For that we need to calculate output levels
and revenue, which is done below.

We contrast three cases: the case in which capzitype withheld from the market, the
case of no capacity withholding, or MO, and thefarel maximising choice df andQ. At this
stage we do not know in which state of the worlahight be profitable to withhold capacity, so
define that state as state= w (for withholding) and the state in which the capaconstraint
binds as state = c (for capacity constrained}.

Capacity withholding: In this case the shadow price of capacity in ket is zerod,, = 0,
hencel. = from (6). Solving (5) and (6) gives:

QW=;‘TW, (7)
_v_a& P
QC_ B 2bc 2G'cbc (®)

No capacity withholding (MO): In this case the capacity constraint binds (wgaki all
(both) demand states a@g = K for alls. Solving (5) and (6) gives the value f6=K":

nokn=28 9
Q 2 ©)
If the line owner chooses not to withhold capaa@tyen if allowed, then the MO
condition is not binding. In that cagg, = Q.. If capacity withholding is profitable it must be
thatQw < Qc, which requires that

S (10)
2bw 2bc 20’cbc
ie.
ﬁ<acbc£%'ﬂ]:acch(SC'gw)EB*! (11)

wheregs is the elasticity of demand in stat€as a positive number) measured at a reference
output levelQ. Capacity withholding is therefore only profitabifethe residual demand

10" we follow the convention that superscripts refetypes of equilibrium and subscripts to statethefworld,
and in this section that superscrigt meansNo capacity withholding, and an asterisk refershe social
optimum.



schedule is less elastic in one state (the statehich it may be profitable to withhold
capacity). Withholding capacity is more likely th@wver is the marginal cost of capacity
expansiong, the lower is the likelihood of a state of the ldoin which capacity may be
profitably withheld,aw = 1- a¢, and the larger is the absolute difference in teenahd
elasticities in the two states.

The least favourable case for covering fixed castéO, and the condition for
positive net profits is theng@K" > C(K"), or, substituting from (1) and (9)a € ) > 4bF.
We assume that this is satisfied in what follows.

Social welfare maximising case.
In this case the expected price (rather than tlpeard marginal revenue) is equal to the
LRMC of capacityZas ps = £, andQs = K in all states, so that:

Zaspszzas(as_bsK):ﬁ’ (12)

and so

K* = ﬁZZKN . (13)

This demonstrates that given a choice (and assunartgreats from pre-emption), merchant
investment will be less than the efficient le#@l (and in the case of linear demand only half
the efficient level).

The main result of this section is that in thisegatline owners are free to withhold
capacity and choose to do so, social welfare vallhigher than if they are prevented from
withholding capacity, i.e. are subject to an effecMO provision.

Proposition 1. Underex antedemand uncertainty, social welfare is weakly highgth
capacity withholding than under MO.

Proof. We need to prove that social welfare without a® Rrovision 8W should be larger
than the case with an MO provision Mo withholding SW'. Using the same notation as
before (subscriptv for the state of lower output acdor capacity output):

ASW=a,SW, +a,SW -SW" - 8|Q, -Q"|

Next evaluate the change in social welfare at dpgoh quantities by taking the total
differential wrtg. DefineI'(8) for AASW()/ds. We will show thatl'(5) < 0, forg < B*. This
means that if capacity withholding is profitablé, also increases welfare. Under linear
demand SW = %(a, + p.)Q,. The optimized quantities are as in (7) to (9).teN¢hat

" This can be established by replacing revani@ in (4) by utility U(QJ), whose derivative with respect@ is
the price in that states.

10



p" =a-bQ", with a and b defined as before, and th@, and p,do not depend op.
Substituting, differentiating w.r.8 and simplifying gives:

=355

This expression has straightforward propertieseNioat

dr(ﬁ)zﬁ{ 1 _E}Oanddzr(ﬁ):o.
dgs

dé  4|ab, b
Moreover, substitutingd = B* from (11) gives =0. This implies thatl’ is linearly
increasing ing and is uniquely zero #gt= B*. Hence, fop < B*, I < 0. Starting fronp = B*,
where the cases exactly meet, decreagsisliphtly would trigger capacity withholding which
improves welfare. This continues to be the casethl®casef > B* the outcomes of the two
cases overlap and hence social welfare is the ganimth cases. In total, the MO provision
weakly decreases social welfare. QED.

The intuition is straightforward. Depending on paeters, the firm may find it
profitable to speculate on the high-demand caseramsdt in a sufficiently large capacity; if
ex-post demand is low, then the output will be psdlbelow capacity. A must-offer
provision makes the low-demand case less profitahtk will in effect induce the firm to
reduce invested capacity to restore the balanceeeet high- and low-demand marginal
profits. A must-offer provision thus increases abavelfare in the low demand state, but
reduces social welfare in the high demand state.b@ance, the must-offer provision
decreases social welfare. Overall, demand uncéythears a close relation to the analytical
framework of peak-load pricing as in Steiner [195This also implies that demand
variability is covered by the analysis.

It may be emphasised that this case appears teldeant. Risky investment is one of
the arguments underlying the discussion on unrégalTI in the first place and is one of
the preconditions to qualify for the exemption froagulation in the EURegulation It seems
only consistent that if risk is the reason for agfing from regulation, that the same argument
should apply with respect to an MO provision.

2.2 Demand growth

Predictable demand growth raises more complex iquestas now merchant investors must
choose the timing and capacity of the interconmebtimth of which are likely to be influenced
by any MO requirements (and the design of anyainifpen seasons auctions). The simplest case
that captures the spirit of demand growth withouiaunded growth in price differentials would
be

11



p(t) =a-be9'Q(t), Q(t) < a’'/b,

where agaim(t) is the price at datie This has the agreeable property that at unchapiges,
p, demand grows at a steady rgtén the simplest case there is only one investor makes
a single investment decision.

Merchant investment under an MO provision

If the investment decision is made under MO, tQ¢) = K, for allt > T, the date of opening
of the interconnector, provided thiit< a€’'/b, otherwise the price would fall to zero until
demand rose sufficiently. An investor (at least owé concerned with any threat of pre-
emption) would not choose to invest excessivelprematurely under MO, as profits would
be zero until the capacity constraint binds, budtgavould be incurred unnecessarily soon.
Using the notation superscripto means without the MO provision, amdmeans with the
MO provision. It follows thak >a€’'/b, so the investor choosk¥, T" to maximise

KT )= j((a—ﬁ) K -be 9K ? - F )e-” dt. (14)
T
The Appendix shows that the profit-maximising clesiofK"” andT" are:
KY= (—Zr j—F , (15)
r-gl)a-pg
and
™ _ Apr?F
’ (16)

C(r2-g?)(a- B

provided thatF is sufficiently large for this to exceed 1 (othesgvinvestment takes place
immediately and should have already occurred). matwfollows we assume thd&t is
sufficiently large that it is socially optimal teeldy investment, so that we are looking at an
interestingex antechoice problem, rather than regretting failurestest in the past.

Socially optimal investment

Whereas a merchant investor would never inveshaugh capacity to drive the price to zero,
a regulated investor charged to maximise sociafarelmight find the consumer surplus at
zero price sufficiently high to justify such a cbeiof capacity. There are thus two cases to
consider, depending on whether it is optimal toeBtvearly and enjoy a period of spare
capacity and zero price, or whether the intercotunewill be delayed until it is fully used.
The second case is particularly simple to solvehassocial maximand differs from the
merchant choice under MO solely by replacinip (14) byb/2. It then follows immediately
that the socially optimal choices éf, T* (where * indicates the socially optimal choice) is
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K*:(ijizKW, (17)

and
gT* — 2br2 F
(r2-g°)(a-B)?
It follows thatT* < T ". We note that in this case the merchant investooses the efficient

level of capacity but delays until demand is twasehigh as at the socially optimal date.
If, on the other hand, it is desirable to invesliera the social maximand is

=197 (18)

W(KT )= T(aQ(t)-%be‘th(t)z -BK-F )e-” dt, Q(t)<K. (19)
T

Line usageQ(t) whenQ(t) <K is set to drive the price to zero:

agdt M
Q(t:%,t<M,Q(M)zK:aes . (20)
This is solved for the socially optimal values® andT**:
gre_  20F
a(a' 2,6’49) , (21)
where
glr
Ar+g))
and
2F6
K**:a-zﬁe’ (23)

The second case of under-used capacity holds moMd> T, or (as the Appendix shows) if

6 > 1, which is equivalent t6 < ag/r+g). Thus early investment with under-used capasity i
socially optimal if the LRMC of expanding the intennector is low (relative to the price)
and the discount rate is low (relative to the adtgrowth).

Merchant investment without MO

The next question is whether removing the MO piliovisimproves matters for market
investment. This seems intuitively likely, giverathMO could result in an earlier date of
investment, although it is not immediately clearatvbffect (if any) it has on the choicekof
Again there is a direct read-across from the slycaggdtimal choice allowing for a period of
under-utilised capacity and the merchant maximbagdeplacing thd/2 in (19) byb to give
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gTWO - 4bF

=29 24
a(a-2p80) ° (24)
and
kwo= 2P0 s (25)
a-2(6

It follows thatT"® > T**. Note as above that while the welfare maximiseests earlier than
the merchant, the capacity choices of the merchadtwelfare maximiser are the sakfe.
This rather surprising result appears to contrathet textbook static case where the
monopoly outcome is half the welfare maximisingoomte and needs some clarifying words.

The process above only holds tbr 1. This requires in particular that demand ghowt
g is sufficiently large. If this condition is fulfdd thenK** = K"° and (or rather becausg&}° >
T**. Demand growth creates the option to wait. If bgtis comparisong decreases two
things happen: the investment momé&ntecreases and the capaditydecreases in both
cases. At the moment that the optimal investmenmnerd is now (i.eT = 0), the process
stops, as negative time is clearly not allowed.patameter values such that* = 0,
investment time of merchant is still positiié® > 0. If parameters are changed further,
nothing changes anymore in the welfare-optimisiaget® while both T*° andK*° are still
reduced. And thuk** > K"° This continues until als®"= 0. At that momentK** = a/b
for the welfare case ari"® = a/2b for the profit-maximising case. Hence, we see that
decreases (and drops below a critical value fockélii< 1), the capacities diverge from each
other and instead converge to the static textbask.c

The next step is to rank the outcomes with andowitithe MO provision. We proceed
in steps.

Proposition 2AMO is irrelevant if3 > ag/r+g).

Proof The value oM that solves®™ = bK/ahasM < T for < 1, and in that case it will be
profitable to fully use the capacity at the dateimfestment. The Appendix shows the
condition@< 1 is equivalent t@ > ag/r+g).

An MO provision thus only has an effect > 1. Given its crucial importancé,
deserves somewhat more attention. Examinatianrefeals tha# goes to 1 fog approaching
zero, decreasesgfincreases from zero, reaches a minimum and tleeaases monotonically.
Henced > 1 for somey > g*. ¢ andg* are critically determined by; ¢ falls with increasing.

In words, an MO provision loses relevance if thewgh rate is small and capacity expansion
costs are high. The MO provision only has mearfitigei investor would withhold capacity.Af

2 The equality depends rather critically on the #jmation of demand (growth), in particular the fahat ‘a’
does not change.

13 Technically speaking, the outcome where the caypadih withholding is smaller than the minimum eajty
as defined above, occurs only ok 0 which of course should be excluded.
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is high, early oversized investment with capaciithiolding for some time is expensive. What
happens endogenously in the solutions is thatisreases (and thédecreases), bothandM
increase whileT - M) decreases (artd increases). At exacty=1,T =M, and ford < 1, T >

M. This says that g8 increases, the strategy of capacity withholdirgp$orelevance until it
vanishes altogether € M). Note that ifT >M (and thug) < 1) the constrair® < K binds.

Proposition 2B When the MO provision has an effect, it decreasgmcity. That is, if) > 1,
K" > K",

Proof. We need to establish the inequality in

KW:( : j( Fﬁ]< Zszze:ch” foro > 1. (26)
r-gla- a-

*

* %

o<1

First note that using (15), (17), (23) and (25 =0 = 1, K" =K

= K", K"
>1

=

is increasing inB and therefore decreasingtinwhile K" is increasing iM. QED.

Proposition 2C When the MO provision has an effect, it delaygestment. That is, fof >
1, T < T

Proof. Again note from (16) and (24) that° = T" atg = 1. By differentiation,T" - T" is
decreasing if and therefore increasing féatd > 1. QED.

Conjecture SW° > SW', for @ > 1. SinceSW* = SW', for < 1, the implication is that an
MO provision weakly decreases social welfare.

Numerical analysis confirms the conjecture over idewrange of parameter values. The
analytical intuition for its plausibility is as folws. Consider figure 1.

without MO >
T M
time
with MO >

Figurel: Timelinefor 6> 1

With =1, T =M =T", Q" = K" = K", and (thus)SW"* = SW'. Outcomes in timing,
capacity and output start to divergedit 1. A first effect is thak"® > K", implying that if
production is at full capacity, the welfare effefthe MO is negative. A second effect is that
(M - T"°) increases, implying a longer period with® < K"°. This effect consists of two
opposing effects. FirstT{' - T") increases, meaning that for a longer period theéliebe

15



investment (and output) without an MO provision awhe with. During this period an MO
provision decreases welfare. Secolld; T" increases, which implies a longer period where
Q" < Q" = K" < K", which is positive for an MO provision. SinceMf Q"° = K"° > K",
there must a poirf® < M at whichSW" = SW' (and larger beyond that"). The numerical
computations suggest that the positive effect dfi@nprovision (betweeft” andT") is more
than offset by the welfare reducing effects outside range.

Clearly, this analysis is incomplete, as one migigh to consider a sequence of
investments in a growing market (or otherwise adasivhy the interconnector market may
cease to grow) and one may also wish to considapettion between potential investors, as
aninvestment raceThe first case is unlikely to add anything buimgdexity. We have not
formally examined the investment race for two reasd-irst, empirically, racing to build
high voltage interconnectors does not seem veeyaelt. The question is whether there will
be a potential investor at all. Thus in the casBrdfNed it seems that the only candidates are
the TSOs on both sides who formed a joint ventlicethe knowledge of the authors, there
are no other candidates. Second, the main focusve$tment races is on the dissemination
of benefits; particularly where competition on th@wnstream market is less than perféct.
We briefly discuss imperfect downstream competitionsection 3, but leave the case of
growing demand and possible investment races tbduresearch.

For the case of a large number of potential inves@nd perfect downstream
competition, which implies zero excess profits, tbkowing informal observations can be
made. Denote subscript “R” for the racing scenafiecause the investor without an MO

provision can always mimic the outcome under an pt@vision it follows thatr"® > 77",

and thusTy® < T¥'. Thus the following must hold:

J' %™ dt > j e dt (27)

YO TR

Here,n is defined net of investment cost. Perfectly cotitipe racing implies that the net
present value of cash flow must be just equal &discounted investment cost, and thus

C(KR° e T > ¢( Kg )e™ ™", and thus if the investment cost are increasing, ime can

draw no immediate conclusions for capacity. Howewee observe that the investor not
subject to an MO provision can only increase psoftompared to the MO provision) by
making larger profits in the later periods of higldemand, which requires larger capacity.
Hence we may conclude that racing will speed upiriiestment as compared to no racing,
but that the results with respect to the MO pravisilo not change.

4 Seminal in the context of innovation is Katz & $ha [1987], which builds upon Dasgupta & Stiglji980]
and Gilbert & Newbery [1982]. Applied specificalty the network access question is Gans & King [2004
However, these do not examine a must-offer prowmigltat is the main focus of this paper. Moreovhis t
literature does not endogenize the size of capduitlyfocuses on timing only.
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2.3. Pre-emptive investment

Pre-emptive investment (i.e. the choice of inter@wtor capacity and/or timing with the
intention of deterring subsequent interconnecteestment) may well be plausible. Planned
and realised examples in Australia, the US and fiusuggest that interconnector markets
can be quite large and that quite small lines mayibble. Subsequent entry is a reasonable
option and thus pre-emptive investment may be asfidée strategy.

This section examines the effects of an MO prowisiothe face of potentially pre-
emptive investment. The mechanism is slightly défe¢ from the mechanism in the sections
above. Following the seminal approach of Dixit [@P8entry deterrence is made more
effective if the first mover can credibly commit tolly use his capacity post-entry, to the
disadvantage of the entrant. Entry deterrence witha MO provision is only credible if the
post-entry profit-maximising output, based on maagicost net of sunk investment, leaves
the entrant’s profit just negative. A larger postrg output is not credible even if faced with
excess capacity. Where entry deterrence is notoolonger credible, an explicit MO
provision will have the effect to make the entryedleent capacity credible and may therefore
enhance the ability to deter entry. Although somewsurprisingly, this may enhance
welfare. As for example von Weiszacker [1980] pedhtout, entry barriers might have
beneficial effects if in the post-entry market bgilayers adopted Cournot strategies that
would induce excessive entry. The same reasoninigries the welfare effects here. The
MO provision works as an entry barrier that caneh@weth positive and negative welfare
effects. There may be a (narrow) range of valueixefl and variable capacity values that
make an MO provision welfare decreasing, but asdficosts become less important, the
value of the MO provision in deterring multiple digptive entry increases, enhancing social
welfare.

This has some similarity to the finding of Eatordaware [1987], who consider a
normal market with sequential market entry. Thendfihat “strategic entry deterrence is
ordinarily welfare improving” although they onlyl@al the incumbent to deter entry by
strategic investment, not by an MO provision. Im setting giving the firm additional power
to deter entry by imposing an MO provision wheneoitise multiple entry would occur is
welfare improving.

The setting is as follows: firm 1 is the merchanteistor who considers strategic pre-
emption; firm 2 is the (first) potential entrant evhcontemplates building a parallel
interconnector. The game is sequential in thregestan stage 1 firm 1 invests in the line and
decides (irreversibly) on the capacity. At stagard 2 decides whether or not to invest in a
line, after observing the sunk capacity of thet firgn. In the final stage 3 trading establishes
the price in the energy markets given the capatitthe line(s). We assume that if entry
occurs, there is a well-defined order in which jgassentrants take decisions, that there is no
uncertainty about future demand, and that the fofncompetition post entry depends on
whether or not there is a MO provision. Under M@ fthist investor will offer full capacity,
and any potential entrant anticipates this wherosimg capacity. Without the MO provision,
the incumbent can choose to reduce output if tloslevincrease profits, given subsequent
entrants’ capacity choices (which will in equiliom be fully used). For the most part we
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only need to consider cases where there is roomtfarost two entrants. If entry cannot be
deterred and fixed costs are low enough, a whotpiesece of firms will enter, causing
excessive fixed cost duplication. Eaton and Wa88T] show how to solve for the multiple
entry case, which does not change our welfaretsesul

If the first investor predicts that entry will oagune will choose a smaller capacity to
ensure that in the post-entry game he has no afladity. The capacity choice can therefore
be modelled as a Stackelberg game. As before uasigmand for interconnector capacity is
linear, sgp = a— Q1 + Q), as is the cost function for (constructing) time1

Ci(K;)=F +pK;, forfirmsi=1, 2. (28)
The question to be addressed is whether sociabweelfith an MO provisiongW") is larger
or smaller than social welfare without an MO prasis

Consider figure 2, which outlines the strategiesirag the level of the fixed costs (the
eqguations are derived below).

F low | | F high

MO irrelevant

MO increases SW

MO decreases SW

Figure 2: Overview of pre-emptive investment

If Fis large, entry will not be profitable even with@n MO provision. In that case the first
mover simply invests in the monopoly capacity amddpces accordingly and blockades
entry as a by-effect. Thus an MO provision wouldéhao effect. IfF is belowFS, it is
always profitable to deter entry (and avoid dupirggfixed costs) provided this is possible,
which requires an MO, otherwise inefficient entril wccur lowering social welfarelo the
right of pointF*, strategic entry deterrence is profitable expigitthe asymmetry in sunk
costs and an MO is not needed to deter entry.

The policy relevant range is thus bel®W. F* determines where fixed costsare
sufficiently low such that entry deterrence basedgymmetry of sunk costs is not profitable
and thus entry deterring investment is not crediblthout an MO. BelowF”, an MO
provision makes a difference and therefore willdhan effect on social welfare. Proposition
4 below shows that betwe&Y andF”* a MO provision has adverse effects, but befdvit is
beneficial.

To establish these claims, the Stackelberg gamé beusolved backwards. If the
entrant chooses to enter, he will choose oufput K, to maximise:
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=P(Q,Q Q- SIQ- F. (29)

The first-order condition gives the reaction fuoati

s_a-fB- bq
= 30
Q 5 (30)
Without an MO provision firm 1 cannot commit to ex postunprofitable level of output. In
the case of blockaded entry, the choice of thé firever’s capacity ignoring the threat of
entry will be sufficient to make subsequent entnprofitable. In that case the monopoly
solution is:

q=kf=2F, (31)

so that if another investor entered he would choogput:

a-p
Q2= T (32)

The first mover’s preferred level of capacity andput will blockade entry without an MO
provision if the entrant’s profits would be negatiat this choice of outpu)i, which
requiresk > (a - #)%16b. The first mover may still be able to deter outpytselecting a level
of capacity very slightly higher than tle& postprofit maximising level of output given entry,
for in this case his marginal cost will be zerot fpand hence his profit maximising choice

of output,Qs, will maximise (using 2's reaction functio®5):

=pQ-BKi-F=3(a+ B-bQ )Q-fKi-F. (33)
This gives:
a-3
q=kp=F Q=% (34)

With an MO provision, firm 1 will choos®; = K; to deter entry by making the output choice
of the potential entrant, give;, unprofitable; 77> <0 for Q5. This require; > K", the

limit capacity:
K":ab’B—y with y——'4b—1/4F (35)

The pre-emptive capacity is equal to the competibutput minus a positive fraction which
depends orb and fixed costd=. In line with standard theory on limit pricing,etHimit
capacity decreases if demand gets more elastich(i® small) and if fixed costs increase
ceteris paribus®

15 Cf. for instance Gilbert [1989] for an overview.
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The first mover will be able to deter entry withart MO provision if the entrant’s
profits would be negative at this choice of outp@, otherwise entry would be
accommodated. Equalising® from (34) andk" from (35) and solving foF gives the lowest
level of fixed costs for which entry is deterredhaiut an MO provisionE = (a - 36)%/16b.
This in turn gives

Proposition 3 If F < (a - 38%16b, the MO provision induces entry-deterring behawiou
whereas without an MO provision entry deterrenceldmot be profitable.

DenoteSW' as social welfare with an MO provision (entry detace), andSW* as social
welfare in the Stackelberg duopoly (entry accomntiodqa The entry-deterrent MO
provision increases welfare if:

C

Q" o
SW'= | p(Q)dQ-B0¢- B [ p(Q)eBD&-2 E sW
0 0 (36)

The values for the limits can be determine@4s- K- andQ™ = 3(@ -H)/4b, and the integrals
evaluated to give the following proposition:

2
a_
Proposition 4 If F<( 3£) , the MO provision increases welfare, whereas for
2 2
a-— a-3
( ’B) <F<ﬂ,the MO provision decreases welfare.
320 16

The second condition is only non-empty if

(a-p) _(@-38)° 37)
32b 16b

This condition is only satisfied for = p/a < 0.1277, off/a > 0.4605, the two roots of the
quadratic equation ¥7- 10« + 1 > 0, and for values between these roots, tfepvbvision
either does not have an effect or is welfare irgirep(depending on the size Bf. If § is
very low, the costs of entry deterrence are lowlaeviasit the same time entry deterrence
requires relatively large capacity as a result bdiclw the additional competition from the
entrant has a relatively small effect. On balatloe, MO provision is more likely to increase
social welfare with lows. If # is high, entry deterrence in the absence of angvt®ision is
more credible, which increases the range in whitiM® provision is irrelevant: in figure 2,
F* shifts to the left.

3. MARKET POWER WITHIN THE IMPORTING COUNTRY
The analysis so far ignores any independent sicateghaviour on the part of domestic
generators, and concentrates on the potentiah@interconnector owner to influence market
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prices. This is reasonable if there is a domesitimbent who also controls access to the
interconnector, and faces a residual demand (frofringe of competitive generators and
consumer demand). However, these are exactly tleenestances in which a regulator or
competition authority would wish to limit the inciment's access to the interconnector, both by
prohibition on dominant ownership of the intercoetoe (and/or its capacity) and by suitable
interconnector auction design (Gilbert, Neuhoff alevbery, 2004).

If dominant domestic generators are prevented tooth owning and holding capacity
on the interconnector, then there is a potentigdraction between the market power of
incumbents and of the agent controlling the siz# ase of the interconnector. This becomes
important for any welfare analysis of alternatiegimes, as domestic prices no longer properly
measure marginal social costs and benefits.

The simplest case to analyse has competitive pincttge exporting country, at levei
(independent of interconnector volume€g, at any date, but possibly varying from period to
period, as with Norwegian electricity, where Noneegprices depend on hydro conditions).
Within the importing country there anredomestic incumbents each with constant marginstl co
¢, each producing, and selling at domestic prige Total relevant supply isq + Q, where as
before, the inverse demand schedufeisa — {nq+Q).

A merchant interconnector would be built and ometaby a company with no
generation assets, while a regulated interconneaatd be jointly financed by each country,
and the trading profits divided in proportion torewship (assumed equal). In the static case,
demand is known and on average constant (thoughyitvary over a number of possible states
of the world) and the exporting country's pricaimilarly constant on average even if it differs
in each state. As before, the merchant investoosd® capacity, with and without an MO
provision, which will be ranked in terms of the isbavelfare of the importing country, and
compared to a (possibly more expensive) efficieptliced regulated interconnector under
shared ownership. If the interconnector capacitgpdequate, the price differentigm(- py)
between the countries will be equal to the lina@acity expansion costs

3.1 Deterministic demand in both countries

The main question is how the market equilibrated aith what impact on social welfare,
compared to a more expensive regulated intercooméche higher cosg* + f*K, may reflect
the slower process in deciding on the interconmgctothe inefficiencies of regulation rather
than private ownership, or both.)

As with the case of pre-emption, the investor ia thierconnector has a first-mover
advantage, and must decide whether to invest Wwehirttention of aggressively discouraging
incumbent output, or whether to accommodate. Tiferehce here is that the incumbents have
already sunk their investment costs and will chdoseperate in any case, while the marginal
cost of interconnector investment exceeds thatpefaiion, discouraging over-investment and
making the MO provision irrelevant. The equilibriusrfound by first identifying the incumbent
reaction function. Each incumbent chooses owgmiven imports over the interconnectQ,so
that its equilibrium output will be
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_(a-c-bQ)

(n +1)b ’ (38)
and the market clearing price will be
:a+nc-bQ. (39)
n+1

(The initial equilibrium can be found by settiQy= 0.) Consider the choice of interconnector
capacity assuming thKt= Q in equations (39) and (40). Interconnector profitsbe

= K(p-m)-F-la(:La-l-n—C_bK_m_lng_ F.
n+1 (40)
The profit maximising choice &€ will be
K max_ &+ nc-(n+1)(m+,B)Ea+nc—B’ (41)

2b 2b

whereB = (n+1)(m+f). The interconnector would be fully used postif the Nash-Cournot
output ignoring the investment cost is at leasgrasit as capacity, which it must be, asdke
antemarginal cost of investment is greater thanethgostmarginal cost of use. The price will
be

_a+nc+ B
Profits, which have to be non-negative after caxgethe fixed codE, are
(a+ nc-B)
m=K(p-m-p)-F=+—*-F >0. 43
(p-m-B)-F = (43)

This requires

a+nc-B>./4(n+1)bF , (44)

and s@ > m+p, the relevant marginal cost of importing.

Impact of theinterconnector on social welfare

In the absence of an interconnector social we(f#eéned as the sum of producer and consumer
surplus) isn(n+2)(@ — %(2(n+1)%b). If the interconnector is built the importing ciry's social
welfare will be the resident share of the merchuafit plus domestic producer and consumer
surplus:
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W=2m+1(a-p)(K+ng)+(p-chg=

(n+1)(p-m=-B)*  (a-p)* (p-c)® _
2b 2b b

(45)
F.

N~

The interconnector clearly increases social welfarenarginal import costs are less than
marginal domestic costs, i.ecit> m+p, but that is not guaranteed by the private proifits of
the interconnector, (43). The change in welfaraltieg from the interconnector is given by the
equation

_ —(@n-3)a’ + (6n* +12n-8)ac+ (n® +8)c® + (n+4)B* - ZB(3na+ (n®+2n+ 4)c)

AW
8b(n +1)2

_% F
(46)

Proposition5: Forc > c*, social welfare is increased by allowing the cartgion of a merchant
interconnnector, and reduced &k c*, wherec* < m+ .

The proof is the Appendix. The proposition is upsising, for the extra competition from a
merchant interconnector reduces the deadweighfriassinefficient domestic competition and
so it may be desirable to import at a (long-runygmeal cost (including fixed costs) above the
marginal domestic production cost. It also followsat merchants may profitably invest
(exploiting the wedge between price and productiosts on the energy market) while the
investment is welfare decreasing. This suggestsittnaay be a need to have a regulatory test
before approving the merchant interconnector, asuffecient condition isn+f < c.

Regulated inter connector

If the interconnector is built as a regulated liwe,can ask what value Kfmaximised\ for the
importing country. By regulated we mean here thatdimg the line needs the regulator’s
approval and more importantly, that the regulatoeatly or indirectly determines the line’s
capacity. A regulated interconnector may have highsts than a merchant line, by#if+ m<

c it could be cheaper to import all domestic demeamdi eliminate local production. On the other
hand if f* + m > ¢ > m the only merit of the interconnector is as a nathgensive way of
mitigating domestic market power. If domestic maafjicosts were increasing, then some level
of imports might be desirable, and the problem mnigbn be better posed. We consider this
alternative below.

If we nevertheless stay with the linear model, aodsider social welfare from the
importing country’s perspective, assuming thatnamces the interconnector and thus receives
all the net profit of the interconnector. Thisnsdontrast to the merchant case above where the
profits were shared between the two countries.hi®rhust be added domestic consumer and
producer surplus to give the total social benéfits,

W =1(a-p)(K +ng)+ 7 +nmg (47)

Usingqg andp from (38) and (39) respectively, the FOC wKis:
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OW _ a+n(n+2)c-bK’
oK (n +1)2

-(m+g*)=0. (48)

The optimal capacity is:

_ a—c+(n+1)2(c—m—,6’*)
b :

K*

(49)

Optimal capacitk” decreases with largerand (n + 8*). The trade-off involved here is the
effect of higher competition on the home marketiochtrequires a large capacity, versus the
import of expensive power, which reduces optimalacity. It is clear that ifnfh + 8*) < c the
interconnector capacity should be equal to theestze of the market. The case of interest is
where (h+ ) >c.

Interestingly, it is ambiguous whether the welfaraximising capacityK) is larger
or smaller than the profit maximising"® from (41). Comparison reveals thdt®* < K, if:

a+(2n? +3n)c > (2n2 +3n+1fm+ B*). (50)

If nis large (competitive home production market) &mct+ *) > c, the LHS < RHS and
thusk™ > K". With a competitive home market and expensive itspsociety does not gain
from the interconnector and wants the line to balkrs has been pointed out by Joskow &
Tirole (2005), in these circumstances, a merchastwill be too large rather than too small.
Logically, as the line does not pass the regulatesy it should not be built as a merchant
line, and there should be better ways of addredsicey market power. On the other hand,
assumingh =1 and solving the condition gives:

a+5¢c

(m+ 7)< 2"

(51)

M%< K" and conversely.

Thus ifnis low andm + £* not too highK
Extensionsto tender auctionsfor merchant interconnectors

Under circumstances where merchant interconneuatitirbe typically under-sized, a regulator
concerned with maximising social benefits mightamige an auction to determine the size of
the interconnector. A natural choice of auctionigiess to accept the merchant proposal with
the largest capacity, which again raises the curesthether such an interconnector should be
subject to an MO provision or not. In this case M@ provision has opposing effects and the
choice is not unambiguous. In general, howeverM@eprovision is more likely to be welfare
enhancing than in the case of unregulated MTI.

It is clear that waiving the MO provision will leaol a (weakly) larger interconnector, as
the profits for any given size of interconnectae aweakly) higher without MO for each given
size than with MO. In a competitive tender the bigbrofits will be bid away; by auction design
the winning bid is the highest capacity possiblthwion-negative profits. This results in over-
investment and increases the incentives for capadtibhholding. As the MO decreases thex (
pos) profits, the winning bid has lower capacity ahdg lowers the extent of over-investment.
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In the reference case, the MO provision enhancdfareen case of a competitive tender. As
shown in section 2, the MO provision weakly decesaselfare under demand uncertainty and
demand growth, establishing opposing effects. Wath organised tender, pre-emptive
investment to hold off a second investor will netdm issue.

Extension toincreasing marginal cost

A more general, although somewhat more complexsisaimight consider increasing domestic
costs, making the social case for imports lesgally dependent on the conditighh + m>c >

m. If there is a single dominant incumbent whose @asttion isC(q) = cq + ¥, marginal
cost will bec + yg and the incumbent’s reaction function will be

- (a-c=bQ) (52)

q 2b+y

It is then possible to repeat the previous anabsasto find a wider range of conditions under
which an interconnector is socially beneficial.

3.2 Uncertain import costs

Again applying a MO provision, we now turn to urte@rty in the cost of imports; the
analysis is similar to demand uncertainty as irtise@.1, but here the interconnector faces
an import energy market and thus residual demaid fMore normal case is that the
interconnector takes advantage of varying prickedéhces between countries, which can be
represented by variability in the price of imposs,thatm becomes a random variable taking
different valuesn in different states of the world Let as be the probability of state with

Yos = 1, with the expected valuerE= Zadms = m. Incumbent domestic generators maximise
profits conditional upon the interconnector outpifitthere is no MO provision, then the
interconnector maximizes expected profits as a k®therg leader given the reaction
functions of (38):

Qixm :Zas(ps_ms)Qs_ﬁK -F _Z/]S(QS_K)’ (53)

with ps given by (39) forQ = Q.. The first order conditions (FOCs) are:

on :as[a+n°_2bQS —ms}—)ls =0, forall s (54)
0Q, n+1
aﬂ:—l[3+z/] =0 (55)
oK s

S

In the simple case there are two states, a low e states = L and a high price staté:
m.<my. If my <m_+ fa, capacity will not be withheld even if there is B® provision
as there is a positive shadow price on capacibpth statesjy , AL > 0, so tha@QQ. = Qy =K.
If my>m_+ Gai, itis attractive to withhold capacity if legaly = 0 andA_ = £.
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No capacity withholding
If my <m_+ fBla thenQ. = Qq = K. Solving the FOCs for these assumptions then dghes
same result as in the deterministic case (41):

_a+nc-(n+1)m+p) _a+nc-B ~ _
= o = n wherem = Ems B = (n+1)(m+/) (56)

KN

Capacity withholding
Now suppose thaty > m. + fai, thenAy = 0, AL = B. Solving the FOCs using these
assumptions:

w _a+nc=(n+1m,

Qxi 0 : (57)

and

a+nc—(n+1)(m +p/a,)

W:KW:
Q! b

(58)

It is evident thatmy > m_ + fa is the condition forQ; < K". As in section 2.1, if there is
an MO provision that has an effect, (i.emf > m_+ S ai) then the MO provision results in
less investment. That i&"° < K", for thenk™® = KN as in (56), andn+Ba. < m+8,
because them+8=(1-a.) my+a. m + = (1-a)(m_+f[a. + €)+ a. m_+ [for somee
> 0.

Define the expected value of a variaklé&x = ay X4 +a. X.. Then we have

Lemmal: The expected price and output are the same avitiithout MO or EQ+nqg) =

(Q+ng)" and Bp = p".

Proof. From (57) plus (58) and (56),E= Q". Using (38) and substitutin®", Q" , EQ
gives: B =q". It follows that EQ+ng) = (Q+nq)" and B =p".

Proposition 6 An MO provision weakly decreases welfare undgranh cost uncertainty.
The proof is in the Appendix.

4. CONCLUDING REMARKS

Unregulated merchant transmission investment (Miggans that the sole source of revenue
for the investment comes from trading between thekats the line interconnects, rather than
being supplemented from the pool of regulated cotime charges. Moreover, the investment
can be undertaken by new, possibly more entreprithiezompanies than the designated
transmission system operators (TSOs). TSOs argetido deliver a secure and economical
transmission service to their domestic clients, ar&y overlook commercial activities such

as investing in interconnectors. If they do and &skthem to be treated as regulated
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investments, then domestic regulators may be s@ptif their true social benefit. The
resulting stalemate risks serious underinvestmemtetwork assets, and is appears to be a
powerful driver for merchant investment. The pafmeruses on the European institutional
framework as opposed to the USA and thereby onctdagrent interconnectors linking
different countries (or regions under different TAn interesting topical case is a planned
interconnector between the UK and the Netherlacaled BritNed.

Merchant interconnectors raise a set of regulagogstions, one which is whether or
not to apply a must-offer (MO) provision. The ldgtsre context for MTI in Europe has been
laid down in the ELRegulation on Cross-border Exchangeisich entered into force in July
2004. TheRegulationas currently formulated includes an MO provisidth@ugh this may
not have been consciously intended for new intereotors,. Such provisions are not
uncommon and quite uncontroversial foexisting assets (both generation and
interconnectors), but raise questions riew interconnectors where the investment decision
still has to be made. The basic trade-off is tmale provision, obliging the line owner to
offer all capacity into the market, increases short-ternfamel but at the expense of reduced
capacity and thus lower long-term welfare. Thisgragentifies circumstances in which the
balance is in favour or against an MO provision.

An MO provision tackles (strategic) capacity withding. Given that the capacity
decision still has to be made and given that reggrare unregulated it is not immediately
obvious why capacity withholding would be a prdfia strategy. We examined three cases:
demand uncertainty, demand growth and pre-emptivestment.

If demand uncertainty is the reason for capacityhialding, applying an MO
provision is unambiguously weakly welfare decregsifhe analysis parallels the peak-load
pricing literature and includes the case of demaadability. An MO provision sets
incentives to reduce invested capacity; the MO igiom increases welfare in periods of low
demand but at the expense of higher foregone veeifaperiods of high demand. Given that
uncertainty is a reason for unregulated MTI in finst place, this argument seems to be
particularly relevant.

If interconnector demand is growing, then an MOvmion delays the welfare-
enhancing investment and reduces capacity. Nunheaicalysis suggests that this will
decrease welfare. As the fear of under-investneeat main reason for allowing unregulated
MT]I, having a policy which delays the investmenpegrs inconsistent.

If strategic pre-emptive investment (to deter Itlidding of a second line) is a risk,
the welfare effects of an MO provision are ambiguand depend on the relative fixed costs
of building the line. For sufficiently large fixecbsts, an MO provision has no effect. For
sufficiently small fixed costs, the MO provision Iwmakes ex postthreat of using all
capacity credible beyond the level that would othge not be credible without the MO
provision. Within this range, for relatively lardgxed costs, the MO provision decreases
welfare (deterring entry would be welfare decreggiand for relatively small fixed costs,
welfare will increase (because entry deterrenck WO increases welfare).

We also investigated the case of incumbent mar&etep on the importing energy
market and where the line would compete with doimgsbducers. The new issue is that the
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market power in the importing energy market drisesedge between price and costs. As a
result a merchant interconnector might profitalshport power that is more expensive than
domestic power. The line has both a competitiveeatff(reducing domestic allocative
inefficiency) and an import effect (which may dispé cheaper power). The overall welfare
effect may be positive or negative, depending @nrétative costs. Assuming uncertainty (or
variability) in import costs, we find that the MQqgyvision somewhat surprisingly (weakly)
lowers welfare. Finally, the social welfare maximgscapacity can be larger or smaller than
the profit maximising capacity, reflecting the teadff between the effect of increased
competition and expensive imports.

Overall, our investigations suggest that the new B&gulation on Cross-Border
Exchangesis unhelpful in requiring an MO provision regamsie of the particular
circumstances of the case. If a simple rule isireduit would seem better not to require an
MO provision, but leave it to the regulator to alciwhat additional conditions, if any, to
place on merchant interconnectors. In the presefhcvarket power, such interconnectors
should in any case be subject to a regulatory &est,that is the natural moment at which to
define the regulatory regime affecting the intergactor.

The question of how to improve the social beneditdMTI undoubtably deserves
further investigation. Tender auctions for varioissms of capacity and contracts are
increasingly being used in the electricity industigd their design is increasingly recognised
as critical to their success (Gilbert, Neuhoff &&wbery, 2004). The problem here is how to
reward entrepreneurs who invest perhaps consigenasiources in identifying attractive
investment opportunities that have previously beserlooked, with a desire to reap
maximum social value from exploiting the opportyniAs with patent protection, it may be
necessary to accept some allocative inefficienoynfthe exercise of market power in order
to induce the discovery of socially useful oppotties.
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APPENDIX

Thederivation of optimal T and K in section 2.2

The investor choosds§, T to maximise (15). The first order conditions are

)
9B g (be'gTKz'(a -BK+F ): 0,
oT (A1)
Z_”z [ (a)- B-2bK )e™dt=0, (A2)
T
whence
[(a-B)e"dt
K(T)=T— _r+g az‘bf” e (A3)
2b[erondt
T

This can be solved fd€ andT using (A2) to give (15) and (16).

Derivation of the social optimum in zero priceinitial period in section 2.2
Substituting forQ(t) from (20) in (19) gives

T

2 M 0 -
W(KT)= 2 Jertdtt [ (ak -1pe® ke dt- (&K + F) €. (Ad)
T M

r

whereM is determined b¥K. The first order conditions far andK can now be found:

aW T aZ egT a2 egT
—— =T &=_.BK-F |=0,0&XK= -F. A5
T °© [ 2 P A= (A5)
The choice oK is given by
ow 2 ) i ﬁe’rT
- = a- gtK ”dt-—:O, A6
K |\£( be )e ; (A6)
whence
r+ gM r+ bK rlg
Km="19€" @ pemny="" Iy M (a-geT (—j 3 (A7)
r b ra a
or
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_M( ag " i _ae”
LK(T)= &= -F. A8
™ b(ﬁ(Hg)] ° "o

These equations can be solved to give the so@ptiynal valueK*, T* of (17) and (18).
The second case of under-used capacity holds maWwd> T. From (21) and (23)

this requires

2F@ ag™ ag™ 2F

*x = = > = , ied>1 (A9)
a-2p6 b b a-286
This is equivalent to
'*9.3.29,. (A10)
g B

where the second inequality comes from the requargrfor the investment data and amount

to be positive.

Proof of proposition 5in section 3

The derivative ofAW with respect ta is proportional to
(6n* +12n-8)a+ 2(n® +8)c-2(n® + 3n + 6n+ 4)(m+ f), (A11)
and since = ¢ + gfor £> 0 from (38), (All) is positive if
(2n* +6n-4)c+ (n® +3n* +6n+4)(c-m- ) > 0. (A12)

This will be the case far > c** for somec**. That in turn ensures that there exist$ a** <
c* < m+p, such thabw = 0.
QED.

Proof to propostion 6 in section 3

We have to prove that
SW" > swh, (A13)

(where the superscripts refer to capaviiyhholding andNo capacity withholding). This can

be rewritten as:
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ECS+1Em +Em, 2CS" +im" + 1], (A14)

whereCSis consumer surplus and is the aggregate for atl generators. The difference in

consumer surplus is

%(O'L (a_ P. )(QL +nqL)+aH (a_ Py )(QH +ngy )_(a_ pN)(Q‘*'nQ)N) (A15)

From Lemma 1 this is:

%l_pN(Q"'nQ)N —a p. (QL + nqL)_aH Pw (QH +Nq, )]’ (Al6)

which is positive ifp and Q + nq) are negatively correlated, which holds becauseanel is
downward sloping. Thus the net effect of capaciiymolding onCSis positive.

Clearly the profits of the interconnector are alwayeakly higher under capacity
withholding than under MO, otherwise the firm wouldt withhold capacity. The profits of
the generators are also weakly higher under capatithholding than under an MO
provision. Capacity withholding has an effect omegmtor output via the interconnector
output and price; the generators do not withhofzthcdy themselves.

a (p.-c)a, +a (py —cla, = (p" -cla" (A17)
which simplifies to:

a,p.q. +a,p,a, = p q" (A18)

which, using Lemma 3, holds |f andq are positively correlated. From downward-sloping
demand and the generators’ reaction function ((3®)ich is inversely related to the
Interconnector’s output), this is the case.

QED
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