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EXECUTIVESUMMARY

The publication of the EU Commissiah doposal for the 3¢ legislative energy market package in
September 2007 reopened a much debated issue about the pros and cons of different electricity
transmission institutional arrangements. The EUCommission and Member States have mainly
debated on the advantages and drawbacks of two arrangements: the Independent Transmission
System Operator (ITSO) and the Legally unbundled Transmission System Operator (LTSO).

ITSO arrangement corresponds to a copfete ownership unbundling of transmission assets
from generation and retailing companies. It appears to be the firdiest option considered by the
EU Commission for ITSO ensures the independence of the transmission company, an
independence that is viewedas critical to guarantee a nordiscriminatory access to the network.

By contrast, transmission assets are just legally unbundled in the case of LTSO arrangement.
Even if this alternative option was not considered by the Commission in the first proposal, wo

it appears to be asecond AOO 1 DOET T 0OODPDPT OOAA AU OEA OOEEOA
States (France, Germany, etclt is fair to say, however, that he LTSO arrangementurrently
considered by the Commission includes additional implementationequirements to address the
non-discriminatory access issue. Surprisinglyntil now, the Commissiorhasseemedto pay little
attention to a third transmission arrangement: the Independent System Operator (ISOhn a
nutshell, the ISO is respondile for the system operation. It is independent from generation and
retail but does not own the transmission assetthat could still belong to the vertically integrated
company.

How to compare and rank thee threedifferent arrangementsfor electricity transmission?

This report attempts to answer the question in looking both for theoretical and empirical
evidence. It isbased on a researcliinanced by Endesalt develops a comprehensive framework
that has enabled us to assessthe performances ofeach arrangementOur ranking encompasses
several criteria that are differently weighted according to factual evidence and national
experiences.

As identified by the economic literature, the five following criteria are the most relevant to
assess the relative prosind cons of each arrangement:

Criterion 1: transaction cost savings
The integration of the transmission owner and the system operator reduces
transaction costs.

Criterion 2: performance based regulation implementation
The nature of the institutional arrangement affects the easwith which an efficient
performance-based regulation(PBR hereafter) can be applied.

Criterion 3: conflict of interest
A conflict of interest, especially regarding investmentmay arise when transmission
owner and system oprator functions are integrated



Criterion 4: non-discriminatory access

The choice of the institutional arrangement has contrasting impacts on nen
discriminatory access depending upon the degree of separation between generation,
retail and transmission.

Criterion 5: benefits from regional integration

This criterion is relevant to assess how different institutional arrangements may
capture the benefits from regional integration andgeographicexpansion of markets
and networks.

Thetable below recaps the pros and cons of each arrangement regarding each criterion:

ITSO LTSO ISO

Criterion 1:
Transaction cost savings
Criterion 2:
PBR implementation
Criterion 3:

Conflict of interest
Criterion 4:
Non-discriminatory access
Qriterion 5:

Benefits of market integration

+ + -

+ + -

At first glance, ISO seems a better option than LTSO for it scores 3 pluagainst2. There is no
reason however, thateach criterion enjoys the same importance.For instance, he saving of
transaction cost can belower than the benefitsowing to market integration. The ranking of the
arrangements ultimately depends on the relative weight of each criterion.

Caveat

One shouldbear in mind that the ranking obtained for theoretically welldesigned arrangements
cannot be directly transposed to rank current implementations.We may find a well
implemented LTSO that does better than a badlynplemented ITSOeven if theoretical well-
designed ITSO always ranks above LTSO

Our framework is however also useful to rank implemented arrangements. We observe thg
current implementation may differ significantly from well-designed theoretical arrangements
The most important factor mentioned as a reason for badly implementation is an imperfec
regulatory framework (whether it is due to regulatory capture, lack of power of the regulator
absence of incentive regulation, etc.).The report surveys several national experience (UK,
Spain, France, Germany, Argentina, the USA and Italghd presens a ranking of the
implemented arrangements.
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The rankings below are based ora series ofassumptions andon empirical evidence. First we
have adopted a national isolated perspective temporarily assuming that regional and network
integration is not a relevant criterion. We thenhave taken into account the benefits of regional
integration.

Ranking of well -designed arrange ments in an isolated system

In an isolated system(e.g., UK) a welldesigned ITSO is the firsbest institutional arrangement
whenever we assume that the costs of a potential conflict of interest are lower than transaction
cost savings, benefits from PBR implementation and benefits from ensuring a non
discriminatory access. Wéhave obtained two main rankings:

- If transaction cost savings and/or benefits from PBR implementation outweigh benefits
from ensuring non-discriminatory access, LTSO becomes thend-best institutional
arrangement, above 1SO.

ITSO

LTSO

1 ISO

This case would correspond to a system where the discriminatory access problem is not
a big issle compared to the need to improve the network and to reduce transmission
costs. An example would be a competitive market immerged in a tightly meshed and
congested grid: in this case, the benefits from better coordination and an easier incentive
regulation could outweigh the benefits from nondiscriminatory access.

- If benefits from ensuring nontdiscriminatory access outweigh transaction costs savings
and benefits from PBR implementation, ISO ranks second above LTSO.

ITSO

ISO

1 LTSO

This case would correspond to a system where the discriminatory access problem is a
big issue for the deployment of competition compared to the need for improving the
management of the network.



Ranking of well -designed arrangements in an interconnected regional syst em

A If transaction cost savings and/or benefits from PBR implementation outweigh the
benefits from ensuring nondiscriminatory access, from market and network integration
and from reducing the conflict of interest, LTSO becomes the secaehdst institutional
arrangement, after ITSO but above ISO.

ITSO

LTSO

1 ISO

This case would correspond to a system where the discriminatory access problem and
regional integration concerns are not a big issue compared to the need to improve the
network and to reducetransmission costs.

A If the benefits from market and network integration and from reducing conflict of
interest outweigh transaction cost savings, the benefits from PBR implementation and
the benefits from ensuring nondiscriminatory access, I1SO ranks fat, followed by ITSO

and LTSO.
ISO

ITSO

1 LTSO

This case would correspond to a system where regional integration concerns are a more
important issue than the need to improve the network and to reduce transmission costs.

To sum up, we demonstréed that taking into account the potential benefits from market and
network integration substantially modifies our ranking of the three different institutional
arrangements: ITSO is ndonger always the first-best option. A key result is that the benefits
from a nondiscriminatory access do not enable us to choose between ITSO and ISO.
Interestingly, we found the two following possibilities:

A 1TSOs remain the first best optioreven when considering the benefits from market and
network integratio n if we assume that transaction cost savings and/or the benefits from
PBR implementation outweigh the benefits from market and network integration and
from reducing the conflict of interest.

This case would correspond to a system where crodsorder externalities and cross
border competition were not a big issue compared to the need for improving the
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(national) network and reducing transmission costs. An example would be two national
systems weakly interconnected but with a tightly meshed and congested natial
network (and thus needing incentives to minimize costs).

A 1SOs become the first best optiomvhen the benefits from regional market and network
integration and from reducing the conflict of interest outweigh transaction costs savings
and/or benefits from PBR implementation.

This case would correspond to a system where crodsorder externalities and cross
border competition are a big issue compared to the need for improving the network and
reducing transmission costs. An example would be two systems thi meshed
interconnection and serious national generation competition concerns (e.g. Belgium,
Netherlands, France and Germany). It would moreover correspond to an interconnected
system where the regional regulatory and coordination framework is weak. In ib
situation we can conclude that ISO/ITO arrangements are better than ITSO
arrangements.

As aconclusion, ITSO is not always the firsbest choice. ISO is a better choice if coordinating
regional interconnected power systems generates benefits throlngthe increase in crosshorder
competition and the internalization of crossborder externalities, is the most important
criterion. We believe that these benefits could be especially valuable in the case of continental
Europe that is characterized by a tigtly meshed network, critical crossborder externalities and

a high potential for crossborder competition in generation. Market integration is certainly a key
issue for the future of an interconnected EU power system. Moreover, the implementation of a
strong EU wide regulatory framework is a challenging issue. Benefits from market integration
could then be facilitated by 1ISOs which also efficiently ensure natiscrimination access.

It is important to bear in mind that we limit our analysis to situations whee national
institutional arrangements that are connected are identical from one region to another. We did
not analyze cases such as the connection of a region with an ITSO and a region with an ISO/ITO,
nor the connection of a region with an LTSO and a reg with an ISO/LTO. Our intuition is that
connecting regions with different institutional arrangements would be even more difficult than

the connection of identical arrangements. That is why we believe that a first objective of the EU
Commission should beto ensure that continental European countries adopt the same
arrangement. Coordination of a hybrid combination of institutional arrangements is likely to
raise additional difficulties, especially if the regional regulatory framework is weak.
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|. INTRODUCTIONTHE 3R° PACKAGE DEBATE

In September 2007, the EU Commission published a proposal for thed 3egislative energy
market package (EC 2007b). This proposakas formulated in order to remedy, among other
things, two important problems identified by the EU Commission in the electricity sector: the
lack of independence of the transmission organizations and theon-compliance with the non-
discriminatory access rule EC 2007d). The EU Commission hadoticed that the fact that
transmission organizations were not completely unbundled from generation or retailing (e.g.
legal or functional unbundling) was one of the main factors explaining the lack of development
of competition. Indeed some transmission companies in Europe are still integratedith
generation and retailing activities (e.g.Austria, France, Germany, etc.).

Among the possible solutions identified in the proposal to settle this problemthe EU
Commission consideredownership unbundling between transmission system activities and
gereration activities to be the first best solution. The Commission also consided that a possible
secondbest solution would be the settingup of an independent business in charge of operating
the transmission system while the network ownership remained in the hands of the generator
via a legally separateaffiliatel. It deemed these two options to be preferable to a legally
unbundled transmission system operator(hereafter, LTSO)where transmission ownership is
not entirely separatefrom generation or from system operation. The Commissiofs point of view
relied on a set of arguments based on theoretical and empirical studiegich claimed that legal
unbundling was not enough to solveproblems of discriminatory access (EC 2007c).

The Commissiors proposal triggered various reactions from interested parties.

A coalition of countries (France, Germany, etc.) presented a counterproposal (known as the
"third way", EEUTSO 2008). Tis coalition was opposed to ownership unbundling and supported
an alternative LTSO with more control as well as additional measures to ensure better
coordination with neighboring transmission organizations.

4EA %5 #1101 EOOthi tcoun@arbpdsalAndrdbiuary 2008 with afrst OT T T DADAO6
(EC 200&). It reasserted its preference for avnership unbundling and a Transmission System

Operator (hereafter, TSO) but also considered alternative solutions. In fact the Commissiwas

willing to agree to incomplete ownership unbundling provided that transmission companies

engagel in strong regiond cooperation andmet other necessary prerequisited to ensure non-
discriminatory access.In a draft proposal (EC 2008b),it extended the regional cooperation

approach to all the operators, not only those opting for the third way.

1 The ISO approach in Europe habeen described as one where the assets remain in integratedilities
(ISO/LTO on figure 1 page 6). The ISO concept is wider, and includes the possibility of independent
transmission owners, not related to theintegrated utilities.(ISO/ITO in Fgure 1 page 6)

2 This non-paper is structured according to five prerequisites explaining the essential elements that must
be applied in any alternative to ownership unbundling: i) effective unbundling must cover both gas and
electricity; i) regulators need powerto impose investment in network; andiii) regional cooperation i.e.

the regulator has to place precise obligations on TSOs in order to achieve common regional dispatching by
intermediary steps.



On June 6, 2008 Member $ates? reached a compromisebased onthe so-called "third way"
proposal, in which they endorsed two alternatives to ownership unbundling: the "independent
system operator" (ISGLTO) and "legally unbundled transmission system operator" (LTSQ
models. Both ¢ these wauld have allowed European electricitycompanies to retain their
network assets, provided they met strict conditions to ensure separation between supply and
transmission. On June 19, 2008 he EuropeanParliament* rejected both proposals, backingfull

ownership unbundling as the only option for electricity companiesAsOEA #1 O1 AE1 8 0 D1 C

different from that of Parliament, a second reading will take place

The purposeof our study is twofold. First, we aimto shed light on this debate by reexamining
theoretical arguments from the economic literature on transmission arrangementdn order to
do so, webuild a consisent comparison framework andrank ideal transmission arrangements
according to the relative weight of identified criteria. This ranking is useful as it provides
theoretical guidelines. However, we have tobear in mind that the implementation of
transmission arrangements can substantially deviate from theoretical models. Athe saying
goes the evil is in the detail. Tks calls forcaution when interpreting our ranking. In the second
part of our analysiswe highlight significant discrepancies between observed implementations of
different types of transmission arrangements and wetdesigned theoretical arrangements.

Our report is organized as follows: we start by identifing five main criteria enabling us to
compare different institutional arrangements for electricity transmission. These criteria and the
comparison framework are presented in 8ction Il. The rest of the report is organized in two
parts. In Qction Ill, well-designed institutional arrangements for transmission are compared
according to the fivecriteria. Section Ill.1 ranks four institutional arrangements in a national
isolated power system pespective. In &ction Ill.2, we take into account the regional perspective
and the interconnection of different systems to show that the ranking can benodified
substantially. In Sction IV we analyze how current implementations of different arrangements
may modify our findings basel on well-designed institutional arrangements. Section V concludes
the report.

3 Council of the Euroan Union, 9963/08, 30 May 2008 Room document, TTE Council, 6 June 2008.
4"MEPs have rejected a deattween the Commission and member states whereby large electricity producers
could retain ownership over power distribution assets under strict conditions. Parliament is pushing for full
ownership separation as the ‘only option' for EU electricity market bdralization",
http://www.euractiv.com/en/energy/parliament -insistssplitting-energy-giants/article -173496



http://www.euractiv.com/en/energy/parliament-insists-splitting-energy-giants/article-173496

Il. COMPARISON FRAMEWORK

In this section we build up a framework to compare different transmission institutional
arrangements. We present first the different institutional arrangements and then the main
criteria allowing us to compare them.

I1.1. TRANSMISSION INSTITUONAL ARRANGEMENTS

The transmission grid is essential to the functioning of power markets. Basically, transmission
allows generators (sellers) to meet retailers (bugrs) and constitutes a natural monopoly that
has to be regulated. Different institutional arrangements can be used to organize transmission.

Several institutional arrangements for transmission organization are possible. We compare
them along two dimensiors: (1) the extent of vertical separation between generation ownership
(G) and transmission ownership (TO) and (2) the horizontal relation between transmission
ownership (TO) and transmission sytem operation (SO) (Pollit 2007; Léautier and Thelen
2008)s.

The first dimension is related to theOT x T AOOEEDPO DT AOODADET EI 1 11171 U OO/
debate. Two different types of institutional arrangementcan be defined here: independent (I)
transmission organizations where generation activities have no controlbver transmission

activities, and, legally (L) separated transmission organizations where the transmission and

generation companies are legally separated companies, but are still owned by the same

vertically integrated utility. ¢

As far as the second dimesion is concernedit is important to consider how the transmission

functions are integrated or separated in the organizations. Transmission functions can Belit

into two types: OT x 1T A OOE E Dand®EDO AGEA i1 Oi6 b A O A Ovimérship #ERIDE OET 1 06
compriseinvestments (i.e.creation of transmission assets) and the maintenance of transmission

assets. System operator functionsonsist of the definition of the need fomew assets and the

way assets are operated, controlled and maintained. These funai® include operation of the

system (i.e real-time management of the balance, congestions management, ancillary service
provision, etc.) and its planning (which consists in determining the transmission investment and
maintenance plan).

5We do not consider other institutionaldimensions like the type of governance of the company (private or
public, etc.). We are comparing welllesigned institutional arrangements, and introducing these different

modes of governance into the comparison would complicatather than improve it.

6 There exist other levels of ownership separations (e.g. accoung separation). In this paper we consider

only legal separation because it is the minimum separation level authorized by the EU Commission.
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In the second dinension, two types of institutional arrangement can be identified

1 Transmission System Operator (TSO) where all the transmission functions aneanaged
within a single company;

1 System Operator (SO)/Transmission Owner (TO) where trasmission functions aresplit
into two different companies. The system operator is in charge of the system operation
functions while the transmission owner is responsible for ownership functions.

When combining both dimensions, four types of transmission arrangements can be
distinguished (Pollit 2007,Léautier and Thelen 2008, seei§ure 1):

1. The independent transmission system owner and operator (ITSO) , where ISO and
TO functions are managed by a single company, which is independent from generators
(e.g.England and Wales, Scoainavian countries, Italy, and Spairf)

2. The legally unbundled TSO (LTSO) where the transmission owner and the operator
are independent yet wholly owned subsidiaries of the vertically integrated utility €.9.
RTE in France since 2005).

3. The ISO/ITO where the ISO and the ITO are ownership unbundled and independent
from the rest of the system €.g.Argentina).

4. The Independent System Operator (ISO/LTO) 10 observed in particular in some
jurisdictions of the United States (California, Midwest, New England, Nevork, PJM and
Texas) where the transmission system operator is an independent and nfar profit
entity, while the transmission assets remain owned by the vertically integrated utilities.

7 1t is important to note that the distinction between TSO and ISO is not so cleant in current
implementations. Qccasionally some highvoltage transmission facilities owned by distribution or
generation companies are under the control of TSO. ie TSOtherefore acts as an 1ISO with respect to
these gereration/distribution -owned facilities.

8 We consider that the I1SO is responsible and has the power to correctly implement the planning
transmission functions. This differs from some historical and current applications of ISO arrangemenas
one finds ISOswhich are not responsible for investment planning. We will address this issue in the next
sections (Il and IV) when defining welldesigned arrangements.

9 Neither REE(Spain) nor NG (Great-Britain) are pure ITSQ as they do not own 100% of the transmisen
assets.They could actually be considered assomething between ITS@and ISG/LTOs.

10 We consider that the transmission owner is legally separated from the generation activities (Legally
unbundled transmission owner, LTO). In practice, in zones wheithe ISO/TO model has been appliedhis

is not always the case and other levels of sepion could be considered (e.gaccounting or functional
separation).
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Figure 1. Institutional arrangements for transmission organizations
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I1.2. SYSTEM AND REGULATORRAMEWORK

Institutional arrangements for the organization of transmission can cover the interconnected
and synchronized powersystemtt completely or partially. Countries in Continental Europe share
a single interconnected and synchronized system. Each part of this systemg the national
networks) is managed by different transmission organizations (andhe details of which are
subject to different regulations). Conversely, in Great Britaironly one transmission organization
(National Grid- NG) covers theentire system?12

To complete the framework we add a new dimension for comparing institutional arrangements:
the extent to which the arrangement covers the whole synchronized power syste. We
differentiate two cases (kgure 2):

1 A national perspective (isolated or DC interconnected system). Transmission
organizations (and regulator) cover theentire system (=~GreatBritain) and there are
neither crossborder externalities, nor significant crossborder competition in
generation.

11 Power systems may be interconnected to other power systems. AC (alternative current) interconried

systems are normally synchronized (every system hasthe same frequency) and functionas asingle

OUOOAI 8 &1 O ET OOAT AAh Al i1060 Ail AT1O0ET AT OAl %001 PAAI
Poland and have the same frequency dhe time (cf. UCTE). Thee types of interconnected systems create

strong externalities (e.g. loop flovs) between zones. This effect isgreater when systems are
interconnected in a mesh. Power systemsénterconnected by DC lines (and therefore not synchronized)

suffer from far fewer externalities because flows between systems can be controlled and there are no loop

flows. This is why we considerthat the British system & isolated.

12 Cf. gction IV.
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1 A regional perspective (interconnected systems). Transmission organizations (and
regulators) cover part of the system (=~ Continental Europe), and therare both cross
border externalities (e.g. congestions, investments, etc.) and potential crebsrder
competition in generation. It is important to note that here, contrary to the national
perspective, it is necessary to define the regional regulatory fraework, especially the
ways in which national transmission orgarizations are coordinated andthe regional
regulatory framework frames orfacilitates such coordination.

Figure 2. Institutional arrangements and transmission systems
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I1.3. MAIN CRITERIA FOR CGMRING TRANSMISSIONRRANGEMENTS

The review of the economic literature comparing transmission arrangementgnables us to
identify the following five criteria for assesing the relative pros and cons of each arrangement:

() transaction costsavings,

(i) performance-based regulation implementation,
(iii) conflict of interest,

(iv) non-discriminatory access,

(v) benefits from regional integration.

Why did we choose these cteria? In many reports, inclding some presented at the Eurelectric
Workshop, the identified criteria are not exactly the same. For instance, Brattle (2008) identified
only three criteria: investments, TO/SO transactions savings and regional integration. The choice
i £ OET OA éanGggleda@ad critdrion is not the best choice becaugtedoes not allowfor the
causesof the investment problemto be identified. Problems in investments maystem from bad
coordination between TO and SO, but also fromlack of incentives or from nondiscriminatory
access problems. Tat is why we prefer to select criteria that are linked with solutions provided
by the different types of arrangement Our approach isconsistent with that of De Vries (2008)
who defines three criteria: a) economic efficiency (including efficient network operation,
efficient generation and transmission investments, and low transaction costs); b) level playing
field for competition (including no cross subsidies networks/generation; no leakage of sensitive
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network information and market-neutral network investment) and c) regional market
integration. Although more aggregated, these criterianatch our definition (a = our Criteria 1, 2
& 3; b = our Criterion 4 and ¢ = our K&erion 5).

A short description of each criterionis provided below.

A Criterion 1: transaction costs savings

The nature of the institutional arrangements affects the level of transaction costSince
system operations €.g.congestion management), network maintenance and investments
are inter-connected The managgement ofall these functions within the same company
makes coordination easier and reduces contractingosts8 ) T AAT T 1,orie€s06 EAO
that the integration of the transmission owner and the system operator reduces
transaction costs or that the intgrated company enjoys vertical economies. Conversely,
splitting the ownership and the system operator functions increases transaction costs.
I OA A1 61 OEAO OOAT Oi EOOGETIT OOAOOGSE OOAT OAAOD
activities are integrated becase they have to interact withonly one entity.

A Criterion 2: performance -based regulation implementation

The nature of the institutional transmission arrangement affect the eas with which an
efficient performance-based regulation (hereafter PBR)can be applied PBR basically
consists in completely or at least partially disconnecting the company's regulated
revenue from its actual costs. This disconnection provides the regulated company with
incentives to reduce costs through efficiency gaindt alsofacilitates an alignment of the
SOobijectives with those of the system (reduction of losses, of balancing costs, etthe
related costs reduction increases the profit of the regulated company. PBR strongly
AE AEAOO AOfate of Aetur@bU B} E2A/ Abilagio@WAich provides no incentive to
reduce costs as revenue is equal to the actual obsedreosts. PBR usually consists af
periodic price or revenue cap and is more and more widely applie¢k.g.United-Kingdom
and Norway. See Joskow 2006, 2005agem2008)13. To ensure the efficiency of a PBR

is essential for the regulated companyto bear the economic consequences of its
decisions. We will see that this is ot the case for all theinstitutional arrangements
studied.

A Criterion 3: conflict of inte rest

A conflict of interest may arise when TO and SO functions are integrated. On the one
hand, the function of the SOis to efficiently manage the system to ensure the
minimization of overall system costs. This leads the SO to make a tradi between
transmission and generation (or transmission and distribution) investmentsas these

13 PBR are pragmatic applications of theoretical incentive regulationThe goal of treoretical incentive
regulation is to ensurethat the transmission regulated company act aa social planner which maximizes
the social welfare. Realistic applicons are limited to incentivizing regulated companies to minimize
costs (over several constraints). The regulator alwayssuffers due to information asymmetries and hago
make trade-offs between efficiency gains and information rents (Joskow 2006).
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investments are partially substitutablel4. On the other hand, the TO aims at maximizing
the value of its trarsmission assets. Thus, a confliadf interest between SO and TO
objectives appeas when SO andTO functions are integrated in the same companyhe
economic stakes of TO are muchigher than those of SO: an integrated company (ITSO)
will thus have an incentive to favor transnission investments even ifit would have been
preferable, from a social welfare point of view, to invest in generation capacities instead.
A conflict of interest may also arise in caseof reliability problems, if the SO is not
separated from generators, T@r distributors. If the well-informed entity (e.g.SO) is not
separatefrom other participants, responsibilities may not be determinedfairly.

A Criterion 4: non -discriminatory access

Ensuring non-discriminatory access is essential to enable effective competition in
generation and retail. Nn-discriminatory access mainly requires: (i) that competitors
have access to theexisting infrastructure at non-discriminatory tariff s; (ii) that the
network capacity besocially optimal (i.e.allow all actual or potential transmissions users
to make socially eficient transactions) allocated in a nondiscriminatory manner
(network connection); and (iii) that all market participants share an equal level of
information (transparency). The choice of the institutional arrangement has contragig
impacts on nondiscriminatory access depending upon the degree of separation between
generation/retail and transmission activities.

A Criterion 5: benefits from regional integration

This fifth criterion is relevant to assess how different institutional arrangements may
capture the benefis from regional integration and expansionof markets and networks
This trend generates benefits such asncreasing crossborder competition and the
internalization of cross-border externalities's. The coordination of regional
interconnected power systems may be more and less easy depending upon the type of
(national) institutional arrangements and the strength of the regional regulatory
framework. For instance, it is easier to coordinatéSGs across ther borders because they
are non-profit organizations. Of course, a strong regional regulatory framework
facilitates coordination whereas a weak regional regulatory framework €.g. multilayer
regulation, absence of regional regulator) will have more difficulties to generate regional
integration benefits.

14 For instance, congestion costs can be reducdyy increasing the transmission capaity between a low
generation cost zone and a higlgeneration cost zoneor by investing in cheap generation in the high
generation cost zone.

15 Benefits derived from coordinating regional interconnected power systems are: (1) mare competitive
and efficient bulk power system (e.g. more accurate Available Transmission Capacity (ATC) calculations
facilitate efficient congestion management ancevaluation of regional planning;efficiency gains derived
from jointly managing balancing and reservesetc.); (2) a reduction in pancaking of individual system
transmission tariffs; (3) an increase in power system reliability (better information and control);and (4)
profit s from scale economies.
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[1l. COMPARING WELDESIGNED INSTITUTION
ARRANGEMENTS FAR.ECTRICITYTRANSMISSION

In this section we compare theoretically weHldesigned institutional arrangementsusing the
criteria defined in Section 1l. In the next section, we will explain why slected empirical
examples of arrangements magiffer substantially from well-designed arrangements.

The main assumption with regard to weldesigned arrangements is that regulation and
governance have been designed using best practices recommended bg theory and validated
by empirical experiences.

Well-designed institutional arrangements have two main functions. First, regulation and
governance have to be set in order to ensure effective independence between transmission and
generation/retail activit ies. This is mainly relevant for institutional arrangements that are not
fully unbundled or where governance is shared with other market actors (e.g. LTSO, ISO/ITO
and ISO/LTO)¢ Second the regulatory framework should givethe right incentives regarding
management and investment. This could requir@erformance-based regulation whee possible

or theinclusion of planning activities into the ISO arrangements (Brattle, 2008).

It is crucial to bearin mind that the ranking of theoretically well-designed arrargements may
not be directly applicable to actual implementation of different institutional arrangements. In
other words, our results could notbe applied directly to badly-designedand/or badly-regulated
implementation (such as REE in Spain or GRTN/TERNAIltaly, see Section IV).

In this section, we base our comparison orhe five criteria presented in &ction Il. We rank the
different institutional arrangements and show that the ranking ultimately depends on the
relative weight of each criterion. st we adopt a"national isolated perspective(section 111.1),

temporarily assuming that regional marketand network integration is not a relevant criterion

(meaning that we consideronly the first four criteria). We then (Sction I11.2) take into account
the benefits ofregional integration.

l1.1. COMPARING ARRANGEMESTFOR TRANSMISSION 1A NATIONALOQSOLATED
SYSTEM

The aim of this section is to compare institutional arrangements for transmission in a national
isolated system. We compare four institutioal arrangements: ITSO, LTSO, ISO/ITO and
ISO/LTO. For this comparison we look at: 1) transactiocostsavings; 2) PBR implementation; 3)

conflict of interest and 4) non-discriminatory access. We first show that, in an isolated system,

16 Recommendations forthe design of proper governances an be found for instance in Barker et al.
(1997), Arizu et al (2002) or Boyce and Hallis (2005).

17 The term OO E Al 1 lis»used t8 indicate a System Operator that has no (or not enough) planning
responsibility and power. ConverselyOE A  GAGAD i§uselt6 indicate a System Operator that is
responsible for planning functions(ERGEG 2007)
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the ITSO arrangements theoretically the first-best organization. Secondly, we show that the

secondbest arrangement depends on the relative weight of each criterion.

".1.1. THE ITSOAS THE BEST INSTITUWDONAL ARRANGEMENT RQA NATIONAL

ISOLATED SYSTEM

In this subsection we review the four criteria and show that the ITSO arrangement is
theoretically the best solution for a national isolated system.

Transactions costs savings (Criterion 1)

Institutional arrangements where transmission functions are integrated within the same

company reduce transactions costs and expit vertical economies. @vnership and system
operator functions are two related functions ad internalizing them within a single company
savesthe negotiation costs that emerge when two dfferent companies have tocoordinate to
decide on network capacity. ITSO anddTSO internalize operatbnal coordination and decisions
about network capacity as internal decisionsvithin the same company.

Box 1. Economic literature arguments regard ing transaction cost savings (C rit erion 1)

Awerbuch et al. (2000)

"The key issues are the incentives of the ISO/ITO to operate efficiemity the magnitude of transactioncosts for
rebundling required transmission assets. Under ISO/ITO options, asset providers and the transmissiem gysivider
are separated. Here the ISO must deal with the added complication of negotiating with independent TO for conti
use, enhancement and maintenance of their assets."

Joskow (2001)

"Separation of ownership from control of assets increasesgaction and coordination costs"
Oren et al. (2002)

"Another concern is the extent of transaction costs for rebundling required transmission assets. A System operato
deal with the added complication of negotiating with independent transmission oveng€TOs) for increased use
AT EAT AAT AT Oh AT A 1 AET OAT AT AA T &£ OEAEO AOOAOO88 [ PA
alternative means, including shorfterm operational procedures, which include dispatch of generation resourg
maintenance of transmission assets, and investment in innovation. Separation of these functions as under the se
ownership and control approach creates risks that need to be mitigated by means of contracts akahenagements,
which result in increasedasts."

Joskow (2006)
"Vertical separation of system operations from ownership and maintenance of transmission facilities is likely to
coordination between system operations, network maintenance and outage restoration, and investment more costly
ELZ OEA 4/ 73/ A£O1AOGETIT O xAOA Ai i AET AA8 "1 OE OEA 3/
cost opportunities, efforts, and incentives."

Pollit (2007

"Managing the ISO/TO interface in the absence of an ITSO is a significanieciy"
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Empirical evidence tends toconfirm the theoretical findings. For instance, Brattle (2008)has
estimated ISO/TOcoordination costs in Scotlanég. It estimates thatannual administrative costs
of coordination could reach about £2 millions and thatthe amual cost due to the lack of
coordination between ISO and TQs about £5 million. Brattle concludes that even if these costs
are substantial, theyamount to less than 0.5% of total annual transmission costs in the UK.

We canthus conclude that ITSCand LTSO arrangements are superior to ISO/ITO an80O/LTO
arrangements regarding @terion 1.

PRB implementation (Criterion 2)

Institutional arrangements that integrate transmission functions in the same company allovior

an easier application of performance-based regulation. The main reason is that under ITSO (and
LTSO) arrangements, the regulated company sees the direct economic consequences of its
decisions whereasunder the ISO/ITO arrangement, the ISO does not. For instance, the ITSO has
to manage netvork congestions and network investments. As congestions costs are supported
by the ITSQ@¢, it will directly seethe consequences when it takes bad network investment
decisions (.g.through an increase in congestion costs)A not-for-profit ISO implies that
responsible decisionmakers in the ISO damot have financial interests oftheir own. The ISO will

not bear the direct economic consequences of its decisions. This lack ofancial responsibility
precludesthe market O O A E Adis€pfind @oskow 2001).

Performancebased regulation presupposes that the regulated company has substantial equity,
and that the return on equity is a buffer against changes in efficiency and cost development over
time (Joskow 2006).

Benitez (2007) analyses incentive regulatiorunder information asymmetry20. Using a particular
set-up (adverse selection TO vs. moral hazard S0) he shows thatan ITSO arrangement is
better because within the single company, the negativeeffects from asymmetrical inbrmation

can counterbalance oneanother and thus reduce the problem of information asymmetry. When
ownership and operation functions are separateno trade-off between adverse selection and

18 National Grid is acting as the ISO of Scotland whilst there are two transmission owners which are still
integrated to generation subsidiaries, see Section 1V.4.3

19 This applies toa well-designed ITSO. In many implementations, congestion costs are a p#a®ugh to
network users and are not borne by thdTSO. We address this issue ire&tion 4.

20 Incentive regulation is a tool for overcoming the information asymmetry that exists kaeen the
regulated firm and the regulator (LaffontTirole, 1993). The regulator faces two types of information
asymmetry. On the one hand, the regulator does not know the actual costs of the regulated company. The
regulated company can take advantage ohis asymmetry byoverestimating its costs. In economic terms,
this is an adverse selection problem. On the other hand, the regulator cannot perfectly observe the
regulated company's efforts to reduce costsln economic terms, this is a moral hazard probia.

21 Benitez (2007) makes the assumption that the information asymmetry on the TO functiois only
related to anadverse selection problem This assumption is backed on the idea that the regulator has an
important lack of information on the installation cost of new transmission facilities (TO functions). Benitez
(2007) makes the assumptionthat the information asymmetry on the SO functionis only related to a
moral hazard problem.This assumption is supported by the idea that measuring the performance oS
function is quite complicatedfor the regulator.
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moral hazard effects can be made Benitez shows thatan ITSCfaces opposite incentives. On the
one hand, the ITSO finds profitable to claim that its cost is high, when low (adverse selection).
On the other hand the effort induced by the regulator when the ITSO follows this strategy leads
to lower moral hazard informational rents. The ITSO thus finds # optimal trade-off between
the rents coming from the adverse selection problem and the rents derived from the moral
hazard environment. It leads to a reduction in the cost suffered by the regulator when inducing
efficiency. On the contrary, the allocatiorof these activities in a TO and a SO vyield a lower
expected welfare and efficiency since the firms do not internalize the mentioned effect. In
addition, the regulator needs to observe of the contracthosen by the TSO before contracting

with the SO orderto induce the rightET OAOOT AT O 11 A&£E 00 AAAT OAET ¢ O

Box 2. Economic literature arguments regarding PBR implementation (Criterion 2)

Hunt (2002

O!'1T )3/ EO CEOAT Ai106011 1 0A0 Ag@bAl GEmuliiniael tesporBildediani T AOOA
maintaining or expanding them, or even to ensure that they are properly used and not overloaded. The transmjssion

control agreement between the owner of the assets and the ISO is difficult to write and enforce. A T{#RSEY] by
contrast is a profitmaking regulated entity with assets. It can be sued. Liability is aligned with decisiaking and
ownership, so potentially a Transco [ITSO] can better be held accountable for its actions than an 1SO. A Transco|[ITSO]
requires a serious Board of Directors to see that it meets its financial responsibilities to shareholders. Significantly, a
Transco can more easily be given incentives by the regulator in the-ragking process to do its job properly. A Trans¢o
[ITSO] can moreeadily be regulated under performanebased ratel AEET C j 0" 2 Q856

Joskow (2007)

OnEEAAOEOA Cci OGAOT AT AA AT A OACOI AOEIi-forprofiE WhaBdre the indentides?D1 AE AT |
Soft budget constraints if nefor-profit, Stakeholar process is cumbersome, Good performance based regulation is more

AEZEZZEAOD]I 688 &1 0 POT A£EO )43/ EO AAOGEAO O1 OAcOl AGA EOE DA
Al AAOG

We canthus conclude that ITSO and LTSO arrangements are sujr to ISO/ITO andISO/LTO
arrangements regarding Citerion 2.

Conflict of interest (Criterion 3)

Institutional arrangements allowing transmission functions (ownership and system operator) to
be integrated within the same companyto minimize the costs ¢ these functions may lead the
company to prefer transmission solutions over generation or distribution solutions.

An ITSO (and LTSO) arrangement may have incentives to choose transmission solusiaver
generation solutions (Joskow 2006) or transmission solutions over distribution solutions

2" AT EOAU Fpr@am s vtk lowdmarginal cost, the incentives to claim that such a cost is high are
mitigated by the incentives derived from the rents captured by an efficiency system operatiorugfir@an
appropriate level of effort. This sort of countervailing incentives lead to a reduction of the informational gaps
and an improvement of efficiency. Countervailing incentives can be interpreted as economies of scope and
this property does not appeawhen there are multiple firms. More precisely, the strategy followed by the TO
does not change whether the SO exerts effort or dot.
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(Brattle 2007)23. In contrast, the ISO/ITO (and ISO/LTO) arrangement does not have any
incentive to choose transmission solutios over generation solutiors or over distribution
solutions.

Box 3. Economic literature a rguments r egarding conflict of interest (Criterion 3)

Oren et al. (2002)

"A separate ownership and control structure, particularly one in which the system operator is nonprofit, would be more

amenable to enforcing a set of market protocols that are dgdi AA 01T DOOOOA 1 AOEAO AAEEEAEAT AL

separate ownership and control approach, however, is that the system operator is indifferent to the utilization of
transmission or generation resource to perform its duties and should thus opt for hest efficient solution to a
reliability problem when there is a choice between investment in generation resaifeqy. Reliability Must Run (RMR)
contracts) or transmission assets."

Joskow (2006)

"Finally, it is sometimes argued that geraion and transmission 'compete(that is they are horizontally and well ag
OAOOEAAI T U OAI AGAAQ xEOE 1T A ATT OEAO8)T OEEO AAOAR |AI
owners of any assets that comprise or utilize the transsiis networkwill be 'unbiased.”

Green (2007)

"The alternative is to create independent system operators, fully unbundled from the rest of the industry, which would
operate transmission assets but would not necessarily own them. An independent system operatat sbosbuffer from
any conflicts of interest that would lead it to favor particular users, but the contractual arrangements to set it up wil[ be
complicated, and will need continual monitoring

Another related conflict of interest arises when a reliability problem appears in the network €.g.
Mercados 2007). The system operator has to inform the regulator about its own responsibilities
but if it is integrated with the transmission owner, information can be distorted as it seeks to
avoid possible punshment of the transmission owners activities. By separating the system
operation from the transmission ownership, this kind of conflict of interest can be avoided

We canthus conclude that regarding @terion 3, ISO/ITO and ISO/LTO arrangements are
superior to ITSO and LTSO arrangements.

Non-discriminatory access (Criterion 4)

Institutional arrangements that separate transmission functions from generation companies
minimize the risk of a discriminatory access to the network. Full vertical unbundling facilitates
non-discriminatory access and tariffs and optimal expansion of the grid. ConcerningdHatter
point, since the capacity of the network impact®n generators profits, an integrated electricity
generator/transmission faces mixed incentives when considering whether or noto extend the
transmission grid. I takes into account the impact of the expansion on its transmission and
generation profits (Joskow and Tiwole 2000; Léautier 2001; Cremer et al. 20068/an Koten 2008).

23 This kind of conflict of interest has been reported in SpainCNE (2005)argues that REE, the Spanish
TSO,has restricted the connection possibilities of new distribution facilities (e.g. high / medium voltage
substation).
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Box 3. Economic literature arguments regarding non -discriminatory access (criterion 4)

Oren et al (2002)

O0)1T 1T ATU OAOPAAOOR OEA )4# +) 43/ ¥y | bOdwhershidaAdtonkdhstrdztrd.
The only business of the ITC [ITSO] is transmission, so it has no incentive to discriminate against any particular cus
This contrasts with the option of a TSP [LTSQO] owned by a single utility, which would have @gsitnoentive to favor its
I xiI AOOOI T AOOh CAT AOAOI 0O6h AT A 11 AAOG8 -EOEGCAOET ¢ OE

Joskow (2006

06 AOOEAAT ET OACOAOEIT AAOxAAT OOAT OI EOOET 1 bry dgaldnded o
mitigate incentives to disadvantage generation and marketing rivals. Moreover, since the regulatory response to ve
integration is typically to require functional separation of the SO/TO functions from generation and marketing ang
APDPI U OACOlI AGEIT O OEAO AOA AAOGECI AA O & OAA OEA
generation and marketing business, there are no social benefits to vertical integration between SO/TO function
generation, marketing ad other unregulated lines of business that make use of the affiliated transmission network. \
is the point of continuing common ownership of entities regulators are trying to ensure behave compl
ET AAPAT AAT O1 Ueo

Thomas (2007a)

"The need for unbundhg arises only if the intention is to make generation a competitive market. If generators are
compete on equal terms, access to the network should be available to all companies egistwiminatory terms and at
prices that reflect the costs that arecéually incurred. The price might vary according to location of the power plant b
all things being equal, should not vary from company to company. Equally, retailers should be able to source their
from any reasonable source regardless of the owstep of the retailer or the generator they wish to deal witBome form

tomer.
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of unbundling is usually thought to be necessary to achieve this. Unbundling requires that the business that controls the

network is separated from the commercial activities, generatiand retail to final consumers, in a liberalized electricit
systend

Benitez (2007)

"The conbined ownership of transmission and generation by holding companies hampers the liberalization of
electricity industry. Holding companies have incentives to/githeir own generators (allied generators) preferentig
access to infrastructure capacity and curb competition by allocating minimal infrastructure capacity to contjmaiinew
generators. To forestall possible abuse of its dominant position, regutatiequires the holding company to allocate th
access to transmission in a natiscriminatory, market-based, and efficient way.

Léautier and Thelen(2008)

"Cremer et al. (2006) conclude that, under certain circumstances, legal unbundling is superior to ohipeusbundling.
The intuition is as follows: if the network owner (upstream firm) is ownership unbundled, it reduces output (in that g
network capacity) to maximize its profits, ignoring the impact of its decision on downstream firms. On the other,h
under legal unbundling, the network provider internalizes the impact of its capacity decision on the margin of]
downstream firms, and chooses capacity closer to the social optimum. The model seems to apply better to a gas
provider than to a legulated power transmission company. Central to the results is that the profit of the downstrg
firms increases with the network capacity, as they can sell higher volumes to their customers. However in electricity
models find that the profit ofa downstream firm decreases with the grid capacity. Therefore, applying Cremer et
(2006) to the imperfect competition models of the power industry leads to the reverse conclusion: legal unbun
results in lower grid expansion."

y

the
I

1%

ase,
and
the
pipeline
pam
many
al.
dling

We canthus conclude thatITSO and ISO/ITO arrangements are superior to LTSO and ISO/LTO

arrangements regardingCriterion 4.
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Conclusion

Table 1 summarizes our results. ITSO ©early a superior organization for all the criteriaexcept
for the third . Other organizations are supeor for only two criteria, at best

Table 1. Transmission institutional arrangements comparison for the case of a national isolated

system
ITSO| LTSO| ISO/ITO | ISO/LTO
Crl'tenon 1: ' + + ~ _
Transaction costsavings
C?ntenon 2: . + + ) _
PBR implementation
Cr.lterlo.n 3: ) ) + 4o
Conflict of interest
. Cr.lte.rlon 4: + ) + +
Non-discriminatory access

To rank the fourinstitutional arrangements, we need to make assumptions regarding the weight
of each criterion. Figure 3 recaps the six rankings assuming sucsaly that (i) Criteria 1
and/or 2 outweigh Criteria 3 and 4, (ii) Criterion 3 outweighs Giteria 1, 2 and 4, and (iii)
Criterion 4 outweighs Giteria 1, 2 and 3.

24 For simplicity we consider thatthe ISO/ITO arrangement hagproperties similar to those of thelSO/LTO
(even if there is a slight preference of ISO/IT@ver ISO/LTOfor Criterion 4).

22



Most important

criterion

Figure 3. Ranking for an isolated power system

Intermediate Less important
criterion criterion

Ranking

Transaction cost
savings & PBR
implementation

Transaction cost savings
and PBR implementation

outweigh other criteria

Conflict

of interest

Conflict of interest costs

outweigh other criteria

Non-
discriminatory
access

The non-discriminatory
access issue outweighs

other criteria

1) ITSO

Conflict ~ Non- 2) LTSO
discriminatory
3) ISO/ITO

access
4) ISO/LTO

of interest

1) ITSO
_ bderee Conflict 2)LTSO
discriminatory :
access of interest 3) ISO/ITO
4) ISO/LTO

1) ISO/ITO
2) ISO/LTO
3) ITSO
4) LTSO

Transaction cost Non-
savings & PBR discriminatory
implementation access

1) ISO/ITO
Non- Transaction cost

discriminatory savings & PBR ]
access implementation

2)ISO/LTO

3) ITSO
4) LTSO

1) ITSO
Conflict 2) ISO/ITO
of interest 3) ISO/LTO
4) LTSO

Transaction cost
savings & PBR
implementation

1) ISO/ITO
2)ISO/LTO

Transaction cost
savings & PBR
implementation

Conflict

3) ITSO
4) LTSO

of interest
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Among the six identified possibilities, vich are those that are reasonably more realistic? We
believe that criterion 3 should be considered as having less importance thahe other criteria.
Conflict of interest may be reduced if incentive regulation is related in some way to global
market performance and not only to transmission costs (Joskow 2006, Battle 2008, see also the
case of disconnectia management of National Grid, &tion IV.1.).Conflict of interestrelated to
maintenance decisions (such as planning of disconnections for maintenanpearposes) can be
easily solved by appropriate regulation (see the example of National GridJonflict of interest
related to investment or reliability is more difficult to solve but theymainly affect efficiency in a
marginal and discontinued way (a transnssion company seldom has to choosebetween
generation/distribution and transmission or to solve reliability concerns). Conversely,
transaction costs savings, PBR implementation and nedliscriminatory access issues affect
efficiency in a continuous way (b#ter coordination between transmission functions and good
incentive regulation force the transmission company to reduce costs all the time).

Thus, our economic reasoning is that the costs of a potentiebnflict of interest are lower than
transaction coss (Qiterion 1), benefits from PBR implementation (Citerion 2) and benefits
from ensuring a non-discriminatory access (Criterion 4).Perez Arriaga (2005)hasvalidated this
statement for Spairis.

Assuming that Citerion 3 is less important than other criteria, Agure 3 shows that the ITSO
ranks first whatever the relative weight of transaction costs (Citerion 1), of the benefits from an
easier incentive regulation (Qiterion 2) and of the benefits fom non-discriminatory access
(Criterion 4).

In an isolaed system,a well-designedITSO is the firstbest institutional arrangement.

.1.2. THE INFLUENCE OF THWEIGHT OF CRITERIANOTHE DEFINITION OR
(BECOND BESTNSTITUTIONAL ARRAEGIENT IN A NATIONAISOLATED SYSTEM

This subsection ranks the four instiutional arrangements. ITSO is theoretically the best
arrangement in an isolated electric system but it is necessary to haveti@nal elements to rank
other arrangements as the firstbest arrangement may not be politically easy to implement.

Assuming thatCriterion 3 is of less importance thanthe other criteria, we keep only two of the
six possibilities in Fgure 3:

1. Transaction cost savings and/or benefits from PBR implemptation outweigh benefits
from ensuring non-discriminatory access

25 "A la vista de las consideraciones expresadas en los dos aparatos anteriores y de las experiencias
internacionales, este Libro Blanco se pronuncia a favor de mantener las dos actividades de transporte y
operacion del sistem dentro de una misma entidad societaria, REE, pero adoptando un conjunto de
salvaguardas que en principio permitan obtener un nivel suficiente de separacion entre las dos activitlades
(Perez-Arriaga 2005). 4 OAT O1 AOA A Chnsideridg the Aafygmen@presented in the last two
paragraphs [conflict of interest and transaction costs savingshnd international experiences, the White
Paperis in favor of keeping the two transmission activities (system operator and transmission ownership)
within the same corpany, REE, and of using a set of extra regulations to ensure the proper separattitbre
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In this case, LT® becomes the seconblest institutional arrangement, above ISO/ITO
and ISO/LTO.

Table 2. Ranking when Criteria 1 &2 outweigh Criterion 4

1| ITSO
2| LTSO
3| ISO/ITO
4 | ISO/LTO

This case would correspond to a system where the discriminatory access pieln is not
a big issue compared to the need to improvéhe network and to reduce transmission
costs. An example would bea competitive market immerged in atightly meshed and
congestedgrid: in this case, the benefits frm better coordination andan easier in@ntive
regulation could outweigh the benefits fromnon-discriminatory access.

Benefits from ensuring non-discriminatory access outweigh transaction costs savings
and benefits from PBR implementation

In this case ISO arrangements rank second above LTSO.

Table 3. Ranking when Criterion 4 outweighs C riteria 1 & 2

ITSO
ISO/ITO
ISO/LTO

LTSO

AWIN|PF

This case would correspond to a system where the discriminatory access problem is a

big issue for the deployment of competition compared to the needfor improving the

management of the netwok. This may be the rationale behindd EA %5 #1111 EOQOOEI
preference. However, as we will see in the next section, when the criterion related to

AOi 00 AT OAAO AEEAAOO EO AT 1 OEAAOAA OEEO OAAOI
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To conclude,ET AT OEOI 1 AOAASG DI xAO OUOOAI 11

associated with low externalities with the neighboring power systems) as in England and Walgs

ITSO appears to be the firsbest arrangement. This iconsistent with the EU Commissiod O
Our analysis differs when determining the secondbest arrangement: we do not find ISO/ITQ
and ISO/LTO to be systematically preferable to LTSO. The ranking depe on the relative
weights of Qiteria 1 & 2 (transaction cost sawngs and benefits fom PBR implementation) and
of Criterion 4 (benefits from ersuring a nondiscriminatory access). When transaction cos
savings and/or benefits from PBR implementabn outweigh the benefits from esuring a non

discriminatory access, LTSOranks above ISO/ITO and ISO/LTO. When the benefits frol::

ensuring a nondiscriminatory access outweigh transaction costs savings and the benefits fro
PBR implementation, ISO/ITO and ISO/LTO rank above LTSO. This may be the justificafmn
the EU Commisdi1 6 O OAT EET C8
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[11.2. COMPARING WELIDESIGNED ARRANGEMESITN AN INTERCONNEED REGIONAL
SYSTEM

In the last section we compared weldesigned insttutional arrangements applied toa national
isolated system. The problems of crosborder externalities and cross-border competition in
generation were not considered. In this section we now take into account the benefits from
regional integration (Criterion 5).

This section corresponds moreclosely to the problem of continental Europe where a huge
interconnected system is managed by transmission organizations that wtrol only a part of the

system. If the entire interconnected continentalEuropean system vas under the control of a
single transmission company and under the oversight of aingle regulatory agency the

conclusion of the previous section would be applicable. However, the current institutions in
Europe do not correspond to thissituation; on the contrary, multilayer regulations and

fragmented coordination between national transmission companies arehe rule. In fact taking

into account the regional regulatory and coordination framework will be important to select the
proper transmission arrangements.

We compare cases where similar institutional arrangements are applied in each zone/countfy

(Figure 4). Even thoughwe do not yet have truly regional institutional arrangements?’, we can

extrapolate interesting results when considering the case of perfectly coordinated national
institutional arrangements (for instance,owing to a strong regional regulator)

26 Although we concentrate our study on similar cases, ifollow-up researchit would be interesting to
study hybrid cases, considering different ingtutional arrangements in different countries.

27 The association of electricity industriesin Europe (Eurelectric) presented a proposal in favor of the
creation of a Regionh Independent system Operator (lereafter, RIO) covering several countries
(Eurelectric 2007a, 2007b). This proposal does not focus on ownership unbundling but underlines the
importance of the regional perspective in the choice of institutionahrrangements for transmission.
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Figure 4. National institutional arrangements for transmission in a regional electric system
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In order to compare institutional arrangements we proceed as follows. We first show that our
previous conclusion on the superiority of ITSO over other arragements in a national
perspective no longer holds from a regional perspective. We then evaluate alternative
arrangements.

[11.2.1INTRODUCING THE REGIK)L. PERSPECTIVBENEFITS OF REGIONINTEGRATION

In this subsection we bring Citerion 5 concerning the benefits of regional marketand network

integration into our comparative framework. This criterion corresponds to the ability of

different institutional arrangements to capture the benefit from regional market and network

integration and to mitigate crossborder effects. The benefits from coordinating regional
interconnected power systems are mainly the increase in crodsorder competition and the
internalization of cross-border externalities.28 It is important to note that almost all those
benefitscould beAAEEAOAA AU ET OACOAOEI ¢ OEA OOUOOGAI 1T PAO
2000).2¢

Institutional arrangements that integrate transmission functions in the same company are more
difficult to merge and to coordinate Oren et al 2002; Joskow 2006Rious 2@7; RiousGlachant
2007; Smeers 2007aSmeers 2007b). The reason is twolfd: (1) national incentives associated
with transmission arrangements and (2) transmission property aspects.

Regarding the first reason, ITSOwith strong incentives (e.g., PBR}o reduce national
transmission costs have no (or venyittle ) interest to coordinate with neighboring transmission
organizations (Glachant and Pignon 2006; Smeers 2007al®. Glachant and Pignon (2006) have

8preOAOOOOAODBOET ¢ 1T £ OEA bl xdvias tB impr@Odliatiity and FeduceG@EAS O | /
costs of meeting demand (Schweppe et al. 1988). Pasfstructuring, the grid also serves to increase

competition among generators (Joskow and Schmalensee 1983, Joskow and Tirole 2000, Borenstein et al.

2000, Léadier 2001).

29|t is important to remember that we are including planning functions within the System Operator

activities.
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shown that a TSO whse network is connectedto an adpcent TSO can distorinformation
exchangeand reduce coordination in order to increase its profit. This raises several difficulties
for regional coordination. The problem is compounded when a weak regional multilayer
regulatory framework is in place and egulatory power fails to align national and regional
incentives. Conversely, ISOBave no interest to distort coordination with one anotherbecause
they have no incentive to reduce national transmission costs and because they follow some
management protocds that can bechangedmore easilyto integrate the regional perspective.

Concerning the second reason, ISO arrangements facilitate mergefsSystem Operators and of
System Operationto obtain most of the regional coordination benefits,while the ownership of
national transmission assetds more frequently blocked in the hands of national ownersby their
respective governments. This complicates a merger between ITSOs becaugesupposes that
national transmission assetswill have to be transferred to a muinational (or foreign) owner.

Box 5. Economic literature arguments regarding benefits of market integration ( Criterion 5)

Oren et al. (2002)

"Considering the option of accommodating diverse organizational structures raises questions about coominati

operations and investment across seams between control areas or more generally RTOs. The principal concern|is that
decentralized investment and control of transmission facilities can result in loop flows and other network effects; in pther

words, indvidual transmission operators and investsrmay behae in a way that affect interconnected transmission

grids. Such externalities may be inconsistent with the overall efficiency of operation and investment. The main advantage

of the separate ownership ah control paradigm is that separation facilitates the system operations of the grid
combining the transmission assets owned by diverse organizatipesg. utilities, private owners, municipalitiesover a
large geographic area.”

Joskow (2006)

"Limited horizontal expanse of SO functions in particular is also likely to create inefficiencies. The more control|area

operators there are on the network the more conservative will reliability criteria be, reducing the availability of ir&€»
capacity, and thenore difficult it will be for separate market areas efficiently to coordinate wholesale trading of power
and the allocation of sca’A O OAT O EOQOCET 1 A A D ASCEI6KYI throygh HorzénialAntegratienlisQikel 1
to lead to less congestion dmore transmission investment.”

Smeers (2007a)

"Each TRANSCIDTSO]operating under incentive regulation would still have a strong intéve to move its costs (at botl
investment and operation level) to its neighbor. Will it really be easier to regultte set (not one) of TRANSCOs than the
set of ISOs in a grid full of externalities?"

Empirical evidence of the behavior and performances of regional power systems managed by
national transmission organizations could be useful tosubstantiate the theoretical results
mentioned above.
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Brattle (2008) provides empirical evidence for three cases: the case of National Grid as a
Regional 1ISO (RIO) oBreatBritain & gbwer system; the case of Nordic countries and the case of
Australia. We summarize here the mai conclusions.

A National Grid as RIO of the GredBritain power system: after the introduction of BETTA
(British Electricity Transmission and Trading Arrangements) in 2005, regional
performanceshaveimproved considerably. Coordination between regions hasmproved
competition between generators (generating an estimated annugrofit of around £10
million leading to a decrease of 0.5%n final prices in Scotland). Furthermore, the
introduction of locational signals® within consistent country-wide tariffs generates
efficiencies (which are expected to amount to around 5% of the total annual capital
expenditure on transmission in Scotland). Even if the saip cost for this regional
coordination is significant, Brattle estimates that benefits outweigh costs. This a good
example of the relative eas with which ISO functions can be extendedto larger
geographical zonesleading to significant benefits. The role of two key factors should not
be minimized in this success: (i) GreaBritain is an island which meansthat cross
border issues are notcrucial; and (i) a strong regulator covers the whole zone.

A Nordic Countries: the Nordic region is characterized by a regional interconnected power
system combined with different national arrangements that correspond t@ur definition
of ITSO (Léauthier & Thelen, 2008). National ITSOs -operate on a voluntary basis
through an association created for that purpose, Nordel. This voluntary cooperatianay
seemto be sufficient to generate benefits from regional integrationHowever, evidence
tends to suggest that this voluntary system is not adequately promoting regional
integration. Investments appear to be decidednainly on a national basis,primarily
because of the lack of an effective mechanism for the ITSOs to compeasate arother
for the system costs imposed by crosborder flows (Brattle 2008). It is important to
note that no regional regulator exists in the Nordic region and that each country is thus
regulated by a different regulator. When one of these national redptors decides to
increase incentives on (national) cost reductions, this could yield to an even weaker
cooperation. In this case, wluntary cooperation appears to beinsufficient to promote
regional integration.

A Australia: the situation in Australia isquite similar to that of Nordic countries. Australia
also relies on voluntary cooperation betweernthe ITSOs of each state. Again voluntary
cooperation appearsnot to be enoughto ensure an efficient system planning, and it is
confronted with incentives problems.

Thus, ITSOs appear to be quite difficult to coordinate on a regional basis, especially in the
absence of a strong regional regulatotSOs, on the other handappear to be easier to coordinate

30 Locational or geographicallydifferentiated tariffs were first applied by National Grid in England and
Wales and then, in 2005thr oughout GreatBritain. This type of tariff sends locational signalsto indicate to
transmission users good locations for new generation or consumption (Joskow 2006).

31"A recent comprehensive study commissioned by the Australian government concludedtthasmission
planners with reliability obligations within a defined geographic region do not currently face incentives to
appropriately consider market conditions in the broader NEM [National Electricity Market]", and that
"investment decision making isi#ised toward investmenwithin each state rather than where it is efficient

to do so, having a true national character" (Brattle 2008)
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and ISO arrangements seeno facilitate their expansion acrosslarger zones.In the following we
briefly present the example of PIJM (Rious 2007) which sucssfully expands its control over
larger zones andvoluntarily coordinate s with neighboring 1ISOs (MISO and TVA).

PJM is the IS® in several states in theNortheast of the USA (e.g. Pennsylvania, Jersey and
Maryland) (see section 1V.4.1).The PJM control zone is located in the middle of a meshed
network involving important seams effects (e.g. loop flows, etc). Moreover, (zonal) electricity
markets have a réatively high concentration: the potertial for market power in generation is
high. In this context, PJM generates substantial benefits by expanding its control zone and
voluntarily coordinating with neighboring ISOs (Costello 2001Glachant et al 2005). iBce its
creation in 1998, PJM has been expanding its control zone in order to internalize the border
effects and to benefit from market and network integration. The size of the PJM control zone,
measured by the peak load, has tripled in less than 10 yea(PJM 2004 & 2005; Krapels-
Flemming 2005)33 Apart from its control zone expansion, PJM has signed agreements for
coordination with two neighboring ISOs (MISO and TVA) in order to set up a joint management
of the system (including operation and planning ofhe regional system) (MISGPJM 2004 MISO
PJMTVA 2005). This example supports the idea that ISOs are easy to coordinate on a regional
basis.

We canthus conclude that ISO/ITO and ISO/LT@rrangements are more suitable than ITSO and
LTSO arrangemerg regarding Citerion 5.

I1.2.2. HAVING ANTSOIN EACH NATIONAL SWEM IS NOT ALWAYS EHFIRSTBEST
OPTION

Table 4 presents the comparison of the four transmission arrangements in the regional
perspective.

Table 4. Transmi ssion institutional arrangeme nt comparison for the case of a regional
interconnected system

ITSOs LTSOs ISOs/ITOs | ISOs/LTOs

Criterion 1:

. . + + - -
Transaction costsavings

Criterion 2:

. . + + - -
PBR implementation

Criterion 3:
Conflict of interest

Criterion 4:
Non-discriminatory access

Criterion 5:
Benefits of market integration

32 For the sake of simplicity we present PJMere as an ISO arrangement. In U.S. terminology, PJM is a

special Independait System Operator (ISO) callech O2 ACET T Al 4 OAT Oi ERIOEWhich / OCAT E
covers a regional zone and follows other additional requirements as described in FERC (1999).

33 The current PJM control zone covers more than 150 GW of peak load (equival¢émtthe peak load of

France and Germany together).
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As for the national case, we need to make assumptions regarding the weight of each criterion to
rank the four institutional arrangements. Figure 5 recaps the six rankings assuming scessively
that (i) Criteria 1 and/or 2 outweigh Qriteria 4 and 5, (ii) Criterion 4 outweighs Qiteria 1, 2 and

5, and (iii) Griterion 5 and/o r 3 outweigh Qiteria 1, 2 and 4.
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Figure 5. Ranking for a regional interconnected power system
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