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EXECUTIVE SUMMARY 

The publication of the EU CommissionȭÓ proposal for the 3rd legislative energy market package in 

September 2007 reopened a much debated issue about the pros and cons of different electricity 

transmission institutional arrangements. The EU Commission 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 complete ownership unbundling of transmission assets 

from generation and retailing companies. It appears to be the first-best option considered by the 

EU Commission for ITSO ensures the independence of the transmission company, an 

independence that is viewed as critical to guarantee a non-discriminatory 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, now 

it appears to be a second-ÂÅÓÔ ÏÐÔÉÏÎ ÓÕÐÐÏÒÔÅÄ ÂÙ ÔÈÅ ȰÔÈÉÒÄ ×ÁÙȱ ÐÒÏÐÏÓÁÌ ÏÆ ÓÅÖÅÒÁÌ -ÅÍÂÅÒ 

States (France, Germany, etc.). It is fair  to say, however, that the LTSO arrangement currently 

considered by the Commission includes additional implementation requirements to address the 

non-discriminatory access issue. Surprisingly until now , the Commission has seemed to pay little 

attention to a third transmission arrangement: the Independent System Operator (ISO). In a 

nutshell, the ISO is responsible for the system operation. It is independent from generation and 

retail but does not own the transmission assets that could still belong to the vertically integrated 

company.  

How to compare and rank these three different arrangements for electricity transmission? 

 This report  attempts to answer the question in looking both for theoretical and empirical 

evidence. It is based on a research financed by Endesa. It develops a comprehensive framework 

that has enabled us to assess the performances of each arrangement. Our 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 pros and 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 ease with which an efficient 

performance-based regulation (PBR, hereafter) can be applied. 

 

Criterion 3: conflict of interest 

A conflict of interest, especially regarding investment, may arise when transmission 

owner and system operator functions are integrated. 
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Criterion 4: non-discriminatory access 

The choice of the institutional arrangement has contrasting impacts on non-

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 and geographic expansion of markets 

and networks. 

The table 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 
+ - + 

Criterion 5:  

Benefits of market integration 
- - + 

 

At first glance, ISO seems a better option than LTSO for it scores 3 pluses against 2. There is no 

reason however, that each criterion enjoys the same importance. For instance, the savings of 

transaction cost can be lower than the benefits owing to market integration. The ranking of the 

arrangements ultimately depends on the relative weight of each criterion.  

 

Caveat 

One should bear in mind that the ranking obtained for theoretically well-designed arrangements 

cannot be directly transposed to rank current implementations. We may find a well-

implemented LTSO that does better than a badly-implemented ITSO even if theoretical well-

designed ITSO always ranks above LTSO.  

Our framework is however also useful to rank implemented arrangements. We observe that 

current implementation may differ significantly from well -designed theoretical arrangements. 

The most important factor mentioned as a reason for badly implementation is an imperfect 

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 experiences (UK, 

Spain, France, Germany, Argentina, the USA and Italy) and presents a ranking of the 

implemented arrangements.  
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The rankings below are based on a series of assumptions and on empirical evidence. First we 

have adopted a national isolated perspective temporarily assuming that regional and network 

integration is not a relevant criterion. We then have 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 well-designed ITSO is the first-best 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. We have obtained two main rankings: 

- If transaction cost savings and/or benefits from PBR implementation outweigh benefits 

from ensuring non-discriminatory access, LTSO becomes the second-best institutional 

arrangement, above ISO. 

 

 

 

 

 

 

 

 

This case would correspond to a system where the discriminatory access problem is not 

a big issue 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 non-discriminatory access.   

 

- If benefits from ensuring non-discriminatory access outweigh transaction costs savings 

and benefits from PBR implementation, ISO ranks second above 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. 
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Ranking of well -designed arrangements in an interconnected regional syst em 

Á If transaction cost savings and/or benefits from PBR implementation outweigh the 

benefits from ensuring non-discriminatory access, from market and network integration 

and from reducing the conflict of interest, LTSO becomes the second-best institutional 

arrangement, after ITSO but above 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 reduce transmission costs.  

 

Á 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 non-discriminatory access, ISO ranks first, followed by ITSO 

and 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 demonstrated that taking into account the potential benefits from market and 

network integration substantially modifies our ranking of the three different institutional 

arrangements: ITSO is no longer always the first-best option. A key result is that the benefits 

from a non-discriminatory access do not enable us to choose between ITSO and ISO. 

Interestingly, we found the two following possibilities: 

Á ITSOs remain the first best option even 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 cross-border 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 national 

network (and thus needing incentives to minimize costs).  

 

Á ISOs become the first best option when 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 cross-border 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 with 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 this 

situation we can conclude that ISO/ITO arrangements are better than ITSO 

arrangements. 

As a conclusion, ITSO is not always the first-best choice. ISO is a better choice if coordinating 

regional interconnected power systems generates benefits through the increase in cross-border 

competition and the internalization of cross-border 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 tightly meshed network, critical cross-border externalities and 

a high potential for cross-border 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 ISOs which also efficiently ensure non-discrimination access. 

It is important to bear in mind that we limit our analysis to situations where 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 region 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 be to 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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I. INTRODUCTION: THE 3RD PACKAGE DEBATE 

In September 2007, the EU Commission published a proposal for the 3rd legislative energy 

market package (EC 2007b). This proposal was 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 the non-compliance with the non-

discriminatory access rule (EC 2007d). The EU Commission had noticed 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 integrated with  

generation and retailing activities (e.g. Austria, France, Germany, etc.). 

Among the possible solutions identified in the proposal to settle this problem, the EU 

Commission considered ownership unbundling between transmission system activities and 

generation activities to be the first best solution. The Commission also considered that a possible 

second-best solution would be the setting up 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 separate affiliate1. It deemed these two options to be preferable to a legally 

unbundled transmission system operator (hereafter, LTSO) where transmission ownership is 

not entirely separate from generation or from system operation. The Commission's point of view 

relied on a set of arguments based on theoretical and empirical studies which claimed that legal 

unbundling was not enough to solve problems of discriminatory access (EC 2007c).  

The Commission's proposal triggered various reactions from interested parties.  

A coalition of countries (France, Germany, etc.) presented a counterproposal (known as the 

"third way", EEUTSO 2008). This 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.  

4ÈÅ %5 #ÏÍÍÉÓÓÉÏÎ ȰÁÎÓ×ÅÒÅÄȱ this counterproposal in February 2008 with a first ȰÎÏÎ ÐÁÐÅÒȱ 

(EC 2008a). It reasserted its preference for ownership unbundling and a Transmission System 

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

willing to agree to incomplete ownership unbundling provided that transmission companies 

engaged in strong regional cooperation and met other necessary prerequisites2 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 has been described as one where the assets remain in integrated utilities 

(ISO/LTO on figure 1 page 6). The ISO concept is wider, and includes the possibility of independent 

transmission owners, not related to the integrated utilities.(ISO/ITO in Figure 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 ; ii) regulators need power to impose investment in network; and iii) regional cooperation i.e. 

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

intermediary steps.  
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On June 6, 2008, Member States3 reached a compromise based on the so-called "third way" 

proposal, in which they endorsed two alternatives to ownership unbundling: the "independent 

system operator" (ISO/LTO) and "legally unbundled transmission system operator" (LTSO) 

models. Both of these would have allowed European electricity companies to retain their 

network assets, provided they met strict conditions to ensure separation between supply and 

transmission. On June 19, 2008, the European Parliament4 rejected both proposals, backing full 

ownership unbundling as the only option for electricity companies. As ÔÈÅ #ÏÕÎÃÉÌȭÓ ÐÏÓÉÔÉÏÎ ÉÓ 

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

The purpose of our study is twofold. First, we aim to shed light on this debate by re-examining 

theoretical arguments from the economic literature on transmission arrangements. In order to 

do so, we build a consistent comparison framework and rank ideal transmission arrangements 

according to the relative weight of identified criteria. This ranking is useful as it provides 

theoretical guidelines. However, we have to bear in mind that the implementation of 

transmission arrangements can substantially deviate from theoretical models. As the saying 

goes, the evil is in the detail. This calls for caution when interpreting our ranking. In the second 

part of our analysis we highlight significant discrepancies between observed implementations of 

different types of transmission arrangements and well-designed theoretical arrangements.   

Our report is organized as follows: we start by identifying five main criteria enabling us to 

compare different institutional arrangements for electricity transmission. These criteria and the 

comparison framework are presented in Section II. The rest of the report is organized in two 

parts. In Section III, well-designed institutional arrangements for transmission are compared 

according to the five criteria. Section III.1 ranks four institutional arrangements in a national 

isolated power system perspective. In Section III.2, we take into account the regional perspective 

and the interconnection of different systems to show that the ranking can be modified 

substantially. In Section IV we analyze how current implementations of different arrangements 

may modify our findings based on well-designed institutional arrangements. Section V concludes 

the report.   

                                                             
3 Council of the European Union, 9963/08, 30 May 2008; Room document, TTE Council, 6 June 2008. 
4 "MEPs have rejected a deal between 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 liberalization", 

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

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

II.1. TRANSMISSION INSTITUTIONAL ARRANGEMENTS  

The transmission grid is essential to the functioning of power markets. Basically, transmission 

allows generators (sellers) to meet retailers (buyers) 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 dimensions: (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 system operation (SO) (Pollit 2007; Léautier and Thelen 

2008)5. 

The first dimension is related to the ȰÏ×ÎÅÒÓÈÉÐ ÕÎÂÕÎÄÌÉÎÇȱȟ Á ÔÅÒÍ ÃÏÍÍÏÎÌÙ ÕÓÅÄ ÉÎ ÔÈÅ %5 

debate. Two different types of institutional arrangement can be defined here: independent (I) 

transmission organizations where generation activities have no control over 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. 6 

As far as the second dimension is concerned, it is important to consider how the transmission 

functions are integrated or separated in the organizations. Transmission functions can be split  

into two types: ȰÏ×ÎÅÒÓÈÉÐ ÆÕÎÃÔÉÏÎÓȱ and ȰÓÙÓÔÅÍ ÏÐÅÒÁÔÉÏÎ ÆÕÎÃÔÉÏÎÓȱ. Ownership functions 

comprise investments (i.e. creation of transmission assets) and the maintenance of transmission 

assets. System operator functions consist of the definition of the need for new assets and the 

way assets are operated, controlled and maintained. These functions 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). 

 

 

 

                                                             
5 We do not consider other institutional dimensions like the type of governance of the company (private or 

public, etc.). We are comparing well-designed institutional arrangements, and introducing these different 

modes of governance into the comparison would complicate rather than improve it. 
6 There exist other levels of ownership separations (e.g. accounting 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 dimension, two types of institutional arrangement7 can be identified: 

 

¶ Transmission System Operator (TSO) where all the transmission functions are managed 

within a single company; 

 

¶ System Operator (SO)/Transmission Owner (TO) where transmission functions are split  

into two different companies. The system operator is in charge of the system operation 

functions while the transmission owner is responsible for ownership functions8. 

 

When combining both dimensions, four types of transmission arrangements can be 

distinguished (Pollit  2007, Léautier and Thelen 2008, see Figure 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, Scandinavian countries, Italy, and Spain)9. 

 

2. The legally unbundled TSO (LTSO)  where the transmission owner and the operator 

are independent yet wholly owned subsidiaries of the vertically integrated utility (e.g. 

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 (e.g. Argentina). 

 

4. The Independent System Operator (ISO/LTO) 10 observed in particular in some 

jurisdictions of the United States (California, Midwest, New England, New York, PJM and 

Texas) where the transmission system operator is an independent and not-for profit 

entity, while the transmission assets remain owned by the vertically integrated utilities. 

 

 

 

 

 

 

                                                             
7 It is important to note that the distinction between TSO and ISO is not so clear-cut in current 

implementations. Occasionally some high-voltage transmission facilities owned by distribution or 

generation companies are under the control of a TSO. The TSO therefore acts as an ISO with respect to 

these generation/distribution -owned facilities. 
8 We consider that the ISO is responsible and has the power to correctly implement the planning 

transmission functions. This differs from some historical and current applications of ISO arrangements, as 

one finds ISOs which are not responsible for investment planning. We will address this issue in the next 

sections (III and IV) when defining well-designed arrangements.  
9 Neither REE (Spain) nor NG (Great-Britain) are pure ITSOs as they do not own 100% of the transmission 

assets. They could actually be considered as something between ITSOs and ISOs/LTOs.  
10 We consider that the transmission owner is legally separated from the generation activities (Legally 

unbundled transmission owner, LTO). In practice, in zones where the ISO/TO model has been applied, this 

is not always the case and other levels of separation could be considered (e.g. accounting or functional 

separation). 
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Figure 1. Institutional arrangements for transmission organizations  

  Integrated transmission functions Separated transmission functions 

 

II.2.  SYSTEM AND REGULATORY FRAMEWORK 

Institutional arrangements for the organization of transmission can cover the interconnected 

and synchronized power system11 completely or partially. Countries in Continental Europe share 

a single interconnected and synchronized system. Each part of this system (i.e. the national 

networks) is managed by different transmission organizations (and the details of which are 

subject to different regulations). Conversely, in Great Britain only one transmission organization 

(National Grid - NG) covers the entire 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 system. We 

differentiate two cases (Figure 2):  

¶ A national perspective (isolated or DC interconnected system). Transmission 

organizations (and regulator) cover the entire system (=~Great-Britain) and there are 

neither cross-border externalities, nor significant cross-border competition in 

generation. 

 

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

systems are normally synchronized (every system has the same frequency) and function as a single 

ÓÙÓÔÅÍȢ &ÏÒ ÉÎÓÔÁÎÃÅȟ ÁÌÍÏÓÔ ÁÌÌ ÃÏÎÔÉÎÅÎÔÁÌ %ÕÒÏÐÅÁÎ ÃÏÕÎÔÒÉÅÓȭ ÓÙÓÔÅÍÓ ÁÒÅ ÉÎÔÅÒÃÏÎÎÅÃÔÅÄ ÆÒÏÍ 3ÐÁÉÎ ÔÏ 

Poland and have the same frequency all the time (cf. UCTE). These types of interconnected systems create 

strong externalities (e.g. loop flows) between zones. This effect is greater when systems are 

interconnected in a mesh. Power systems interconnected 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 consider that the British  system is isolated.  
12 Cf. Section IV. 
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¶ A regional perspective (interconnected systems). Transmission organizations (and 

regulators) cover part of the system (=~ Continental Europe), and there are both cross-

border externalities (e.g. congestions, investments, etc.) and potential cross-border 

competition in generation. It is important to note that here, contrary to the national 

perspective, it is necessary to define the regional regulatory framework, especially the 

ways in which national transmission organizations are coordinated and the regional 

regulatory framework frames or facilitates such coordination. 

Figure 2. Institutional arrangements and transmission systems  

  
 

National Perspective 

 

Regional Perspective 

 

II.3. MAIN CRITERIA FOR COMPARING TRANSMISSION ARRANGEMENTS 

The review of the economic literature comparing transmission arrangements enables us to 

identify the following five criteria for assessing the relative pros and cons of each arrangement:  

(i)  transaction cost savings, 

(ii)  performance-based regulation implementation, 

(iii)  conflict of interest,  

(iv)  non-discriminatory access, 

(v)  benefits from regional integration.  

Why did we choose these criteria? In many reports, including 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 

ÏÆ ȰÉÎÖÅÓÔÍÅÎÔȱ ÁÓ an aggregated criterion is not the best choice because it does not allow for the 

causes of the investment problem to be identified. Problems in investments may stem from bad 

coordination between TO and SO, but also from a lack of incentives or from non-discriminatory 

access problems. That is why we prefer to select criteria that are linked with solutions provided 

by the different types of arrangement. Our approach is consistent 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 criteria match our definition (a = our Criteria 1, 2 

& 3; b = our Criterion 4 and c = our Criterion 5).  

A short description of each criterion is provided below.   

Á Criterion 1: transaction costs savings  

 

The nature of the institutional arrangements affects the level of transaction costs. Since 

system operations (e.g. congestion management), network maintenance and investments 

are inter -connected. The management of all these functions within the same company 

makes coordination easier and reduces contracting costsȢ )Î ÅÃÏÎÏÍÉÓÔÓȭ ÊÁÒÇÏÎ, one says 

that the integration of the transmission owner and the system operator reduces 

transaction costs or that the integrated company enjoys vertical economies. Conversely, 

splitting the ownership and the system operator functions increases transaction costs. 

.ÏÔÅ ÁÌÓÏ ÔÈÁÔ ÔÒÁÎÓÍÉÓÓÉÏÎ ÕÓÅÒÓȭ ÔÒÁÎÓÁÃÔÉÏÎÓ ÁÒÅ ÓÉÍÐÌÉÆÉÅÄ ×ÈÅÎ ÁÌÌ ÔÒÁÎÓÍÉÓÓÉÏÎ 

activities are integrated because they have to interact with only one entity.  

 

Á Criterion 2: performance -based regulation implementation  

 

The nature of the institutional transmission arrangement affects the ease 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 gains. It also facilitates an alignment of the 

SO objectives with those of the system (reduction of losses, of balancing costs, etc.)  The 

related costs reduction increases the profit of the regulated company. PBR strongly 

ÄÉÆÆÅÒÓ ÆÒÏÍ Á ÔÙÐÉÃÁÌ Ȱrate of returnȱ ɉ2/2Ɋ ÒÅgulation which provides no incentive to 

reduce costs as revenue is equal to the actual observed costs. PBR usually consists of a 

periodic price or revenue cap and is more and more widely applied (e.g. United-Kingdom 

and Norway. See Joskow 2006, 2007; Sagem 2008)13.  To ensure the efficiency of a PBR it 

is essential for the regulated company to bear the economic consequences of its 

decisions. We will see that this is not the case for all the institutional arrangements 

studied.   

 

Á 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 SO is to efficiently manage the system to ensure the 

minimization of overall system costs. This leads the SO to make a trade-off between 

tr ansmission and generation (or transmission and distribution) investments as these 

                                                             
13 PBR are pragmatic applications of theoretical incentive regulation. The goal of theoretical incentive 

regulation is to ensure that the transmission regulated company act as a social planner which maximizes 

the social welfare. Realistic applications are limited to incentivizing regulated companies to minimize 

costs (over several constraints). The regulator always suffers due to information asymmetries and has to 

make trade-offs between efficiency gains and information rents (Joskow 2006).   
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investments are partially substitutable14. On the other hand, the TO aims at maximizing 

the value of its transmission assets. Thus, a conflict of interest between SO and TO 

objectives appears when SO and TO functions are integrated in the same company. The 

economic stakes of TO are much higher than those of SO: an integrated company (ITSO) 

will thus have an incentive to favor transmission investments even if it 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 cases of reliability problems, if the SO is not 

separated from generators, TO or distributors. I f the well-informed entity  (e.g. SO) is not 

separate from other participants, responsibilities may not be determined fairly.   

 

Á Criterion 4: non -discriminatory access  

 

Ensuring non-discriminatory access is essential to enable effective competition in 

generation and retail. Non-discriminatory access mainly requires: (i) that competitors 

have access to the existing infrastructure at non-discriminatory tariff s; (ii)  that the 

network capacity be socially optimal (i.e. allow all actual or potential transmissions users 

to make socially efficient transactions) allocated in a non-discriminatory manner 

(network connection); and (iii) that all market participants share an equal level of 

information (transparency). The choice of the institutional arrangement has contrasting 

impacts on non-discriminatory access depending upon the degree of separation between 

generation/retail and transmission activities. 

 

Á Criterion 5: benefits from regional integration  

 

This fifth  criterion is relevant to assess how different institutional arrangements may 

capture the benefits from regional integration and expansion of markets and networks. 

This trend generates benefits such as increasing cross-border competition and the 

internalization of cross-border externalities15. 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 coordinate ISOs across their borders because they 

are non-profit organizations. Of course, a strong regional regulatory framework 

facilitates coordination whereas a weak regional regulatory framework (e.g. multilayer 

regulation, absence of regional regulator) will have more difficulties to generate regional 

integration benefits.  

 

                                                             
14 For instance, congestion costs can be reduced by increasing the transmission capacity between a low 

generation cost zone and a high generation cost zone, or by investing in cheap generation in the high 

generation cost zone. 
15 Benefits derived from coordinating regional interconnected power systems are: (1) more competitive 

and efficient bulk power system (e.g. more accurate Available Transmission Capacity (ATC) calculations 

facilitate efficient congestion management and evaluation of regional planning; efficiency gains derived 

from jointly managing balancing and reserves, etc.); (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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III. COMPARING WELL-DESIGNED INSTITUTIONAL 

ARRANGEMENTS FOR ELECTRICITY TRANSMISSION 

In this section we compare theoretically well-designed institutional arrangements using the 

criteria defined in Section II. In the next section, we will explain why selected empirical 

examples of arrangements may differ substantially from well-designed arrangements.   

The main assumption with regard to well-designed arrangements is that regulation and 

governance have been designed using best practices recommended by the 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).16 Second, the regulatory framework should give the right incentives regarding 

management and investment. This could require performance-based regulation where possible 

or the inclusion of planning activities into the ISO arrangements17 (Brattle, 2008). 

It is crucial to bear in mind that the ranking of theoretically well-designed arrangements may 

not be directly applicable to actual implementation of different institutional arrangements. In 

other words, our results could not be applied directly to badly-designed and/or badly-regulated 

implementation (such as REE in Spain or GRTN/TERNA in Italy, see Section IV).  

In this section, we base our comparison on the five criteria presented in Section II. We rank the 

different institutional arrangements and show that the ranking ultimately depends on the 

relative weight of each criterion. First we adopt a "national isolated perspective" (section III.1), 

temporaril y assuming that regional market and network integration is not a relevant criterion 

(meaning that we consider only the first four criteria). We then (Section III.2) take into account 

the benefits of regional integration.  

III.1.   COMPARING ARRANGEMENTS FOR TRANSMISSION IN A NATIONAL ȰISOLATEDȱ 

SYSTEM 

The aim of this section is to compare institutional arrangements for transmission in a national 

isolated system. We compare four institutional arrangements: ITSO, LTSO, ISO/ITO and 

ISO/LTO. For this comparison we look at: 1) transaction cost savings; 2) PBR implementation; 3) 

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

                                                             
16 Recommendations for the design of proper governances can be found for instance in Barker et al. 

(1997), Arizu et al (2002) or Boyce and Hallis (2005). 
17 The term ȰÓÈÁÌÌÏ× )3/ȱ is used to indicate a System Operator that has no (or not enough) planning 

responsibility and power. Conversely, ÔÈÅ ÔÅÒÍ ȰÄÅÅÐ )3/ȱ is used to indicate a System Operator that is 

responsible for planning functions (ERGEG 2007). 
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the ITSO arrangement is theoretically the first-best organization. Secondly, we show that the 

second-best arrangement depends on the relative weight of each criterion.  

III.1.1. THE ITSO AS THE BEST INSTITUTIONAL ARRANGEMENT FOR A 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 exploit vertical economies. Ownership and system 

operator functions are two related functions and internalizing them within a single company 

saves the negotiation costs that emerge when two different companies have to coordinate to 

decide on network capacity. ITSO and LTSO internalize operational coordination and decisions 

about network capacity as internal decisions within 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 efficiently and the magnitude of transaction costs for 

rebundling required transmission assets. Under ISO/ITO options, asset providers and the transmission system provider 

are separated. Here the ISO must deal with the added complication of negotiating with independent TO for continuing 

use, enhancement and maintenance of their assets."  

 

Joskow (2001) 

"Separation of ownership from control of assets increases transaction and coordination costs" 

 

Oren et al. (2002) 

 

"Another concern is the extent of transaction costs for rebundling required transmission assets. A System operator must 

deal with the added complication of negotiating with independent transmission owners (TOs) for increased use, 

ÅÎÈÁÎÃÅÍÅÎÔȟ ÁÎÄ ÍÁÉÎÔÅÎÁÎÃÅ ÏÆ ÔÈÅÉÒ ÁÓÓÅÔÓȣȢ /ÐÅÒÁÔÉÏÎÁÌ ÅÆÆÉÃÉÅÎÃÙ ÁÎÄ ÓÙÓÔÅÍ ÒÅÌÉÁÂÉÌÉÔÙ ÃÁÎ ÂÅ ÁÃÈÉÅÖÅÄ ÂÙ 

alternative means, including short-term operational procedures, which include dispatch of generation resources, 

maintenance of transmission assets, and investment in innovation. Separation of these functions as under the separate 

ownership and control approach creates risks that need to be mitigated by means of contracts and risk managements, 

which result in increased costs." 

 

Joskow (2006) 

 

"Vertical separation of system operations from ownership and maintenance of transmission facilities is likely to make 

coordination between system operations, network maintenance and outage restoration, and investment more costly than 

ÉÆ ÔÈÅ 4/Ⱦ3/ ÆÕÎÃÔÉÏÎÓ ×ÅÒÅ ÃÏÍÂÉÎÅÄȣ "ÏÔÈ ÔÈÅ 3/ ÁÎÄ ÔÈÅ ÒÅÇÕÌÁÔÏÒ ×ÉÌÌ ÈÁÖÅ ÉÍÐÅÒÆÅÃÔ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÔÈÅ 4/Óȭ 

cost opportunities, efforts, and incentives." 

 

Pollit (2007)  

 

"Managing the ISO/TO interface in the absence of an ITSO is a significant challenge." 
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Empirical evidence tends to confirm the theoretical findings. For instance, Brattle (2008) has 

estimated ISO/TO coordination costs in Scotland18. It estimates that annual administrative costs 

of coordination could reach about £2 millions and that the annual cost due to the lack of 

coordination between ISO and TO is about £5 million. Brattle concludes that even if these costs 

are substantial, they amount to less than 0.5% of total annual transmission costs in the UK.  

We can thus conclude that ITSO and LTSO arrangements are superior to ISO/ITO and ISO/LTO 

arrangements regarding Criterion 1.  

PRB implementation (Criterion 2)  

Institutional arrangements that integrate transmission functions in the same company allow for 

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, whereas under the ISO/ITO arrangement, the ISO does not. For instance, the ITSO has 

to manage network congestions and network investments. As congestions costs are supported 

by the ITSO19, it will directly see the consequences when it takes bad network investment 

decisions (e.g. through an increase in congestion costs). A not-for-profit ISO implies that 

responsible decision-makers in the ISO do not have financial interests of their own. The ISO will 

not bear the direct economic consequences of its decisions. This lack of financial responsibility 

precludes the market ȰÔÁËÅÏÖÅÒȱ discipline (Joskow 2001). 

Performance-based 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 regulation under information asymmetry20. Using a particular 

set-up (adverse selection TO vs. moral hazard SO)21, he shows that an ITSO arrangement is 

better because, within the single company, the negative effects from asymmetrical information 

can counterbalance one another and thus reduce the problem of information asymmetry. When 

ownership and operation functions are separate, no 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 IV.4.3 
19 This applies to a well-designed ITSO. In many implementations, congestion costs are a pass-through to 

network users and are not borne by the ITSO. We address this issue in Section 4.  
20 Incentive regulation is a tool for overcoming the information asymmetry that exists between the 

regulated firm and the regulator (Laffont-Tirole, 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 of this asymmetry by overestimating 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 costs.  In economic terms, this is a moral hazard problem.  
21 Benitez (2007) makes the assumption that the information asymmetry on the TO function is only 

related to an adverse 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 assumption that the information asymmetry on the SO function is only related to a 

moral hazard problem. This assumption is supported by the idea that measuring the performance of SO 

function is quite complicated for the regulator.  
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moral hazard effects can be made22. Benitez shows that an ITSO faces 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 the 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 allocation of these activities in a TO and a SO yield a lower 

expected welfare and efficiency since the firms do not internalize the mentioned effect. In 

addition, the regulator needs to observe of the contract chosen by the TSO before contracting 

with the SO order to induce the right ÉÎÖÅÓÔÍÅÎÔ ÏÎ ÅÆÆÏÒÔ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ 4/ȭÓ ÍÁÒÇÉÎÁÌ ÃÏÓÔȢ 

 

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

 

Hunt (2002) 

 

Ȱ!Î )3/ ÉÓ ÇÉÖÅÎ ÃÏÎÔÒÏÌ ÏÖÅÒ ÅØÐÅÎÓÉÖÅ ÔÒÁÎÓÍÉÓÓÉÏÎ ÁÓÓÅÔÓ Ï×ÎÅÄ ÂÙ ÏÔÈÅÒÓȟ ÂÕÔ Ét is not ultimately responsible for 

maintaining or expanding them, or even to ensure that they are properly used and not overloaded. The transmission 

control agreement between the owner of the assets and the ISO is difficult to write and enforce. A Transco [ITSO] by 

contrast is a profit-making regulated entity with assets. It can be sued. Liability is aligned with decision-making and 

ownership, so potentially a Transco [ITSO] can better be held accountable for its actions than an ISO. 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 rate-making process to do its job properly. A Transco 

[ITSO] can more readily be regulated under performance-based rate-ÍÁËÉÎÇ ɉ0"2ɊȢȱ 

 

Joskow (2007) 

 

Ȱ%ÆÆÅÃÔÉÖÅ ÇÏÖÅÒÎÁÎÃÅ ÁÎÄ ÒÅÇÕÌÁÔÉÏÎ ÏÆ )3/ ÁÒÅ ÁÌÓÏ ÃÈÁÌÌÅÎÇÉÎÇȟ ÅÓÐÅÃÉÁÌÌÙ ÉÆ ÎÏÔ-for-profit: What are the incentives?, 

Soft budget constraints if not-for-profit, Stakeholder process is cumbersome, Good performance based regulation is more 

ÄÉÆÆÉÃÕÌÔȣȢ &ÏÒ ÐÒÏÆÉÔ )43/ ÉÓ ÅÁÓÉÅÒ ÔÏ ÒÅÇÕÌÁÔÅ ×ÉÔÈ ÐÅÒÆÏÒÍÁÎÃÅ ÂÁÓÅÄ ÒÅÇÕÌÁÔÉÏÎ ÓÉÎÃÅ ÏÂÊÅÃÔÉÖÅÓ ÁÎÄ ÉÎÃÅÎÔÉÖÅÓ ÁÒÅ 

ÃÌÅÁÒȱ 

 

We can thus conclude that ITSO and LTSO arrangements are superior to ISO/ITO and ISO/LTO 

arrangements regarding Criterion 2.  

Conflict of interest  (Criterion 3)  

Institutional arrangements allowing transmission functions (ownership and system operator) to 

be integrated within the same company, to minimize the costs of 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 solutions over 

generation solutions (Joskow 2006), or transmission solutions over distribution solution s 

                                                             
22 "ÅÎÉÔÅÚ ɉςππχɊȡ ȰFor a TSO with low marginal 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 operation through 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 appear when there are multiple firms. More precisely, the strategy followed by the TO 

does not change whether the SO exerts effort or not.ȱ 
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(Brattle 2007)23. In contrast, the ISO/ITO (and ISO/LTO) arrangement does not have any 

incentive to choose transmission solutions over generation solutions 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 desiÇÎÅÄ ÔÏ ÐÕÒÓÕÅ ÍÁÒËÅÔ ÅÆÆÉÃÉÅÎÃÙȣȢ !Î ÁÄÖÁÎÔÁÇÅ ÏÆ ÔÈÅ 

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 the most efficient solution to a 

reliability problem when there is a choice between investment in generation resources (e.g. Reliability Must Run (RMR) 

contracts) or transmission assets." 

 

Joskow (2006) 

 

"Finally, it is sometimes argued that generation and transmission 'compete' (that is they are horizontally and well as 

ÖÅÒÔÉÃÁÌÌÙ ÒÅÌÁÔÅÄɊ ×ÉÔÈ ÏÎÅ ÁÎÏÔÈÅÒȣ)Î ÔÈÉÓ ÃÁÓÅȟ ÁÎ )3/ ÔÈÁÔ ÈÁÓ ÎÏ ÄÉÒÅÃÔ ÉÎÔÅÒÅÓÔ ÉÎ ÔÈÅ ÆÉÎÁÎÃÉÁÌ ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ ÔÈÅ 

owners of any assets that comprise or utilize the transmission network will 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 operator should not suffer from 

any conflicts of interest that would lead it to favor particular users, but the contractual arrangements to set it up will be 

complicated, and will need continual monitoring." 

 

Another related conflict of interest arises when a reliability problem appears in the network (e.g. 

a local blackout) and ÁÕÔÈÏÒÉÔÉÅÓ ÈÁÖÅ ÔÏ ÄÅÔÅÒÍÉÎÅ ÅÁÃÈ ÁÃÔÏÒȭÓ responsibilities (Brattle 2007; 

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 punishment of the transmission owner's activities. By separating the system 

operation from the transmission ownership, this kind of conflict of interest can be avoided. 

We can thus conclude that regarding Criterion 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. Concerning the latter 

point, since the capacity of the network impacts on generators' profits, an integrated electricity 

generator/transmission faces mixed incentives when considering whether or not to extend the 

transmission grid. It takes into account the impact of the expansion on its transmission and 

generation profits (Joskow and Tirole 2000; Léautier 2001; Cremer et al. 2006; Van Koten 2008). 

                                                             
23 This kind of conflict of interest has been reported in Spain. CNE (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) 

Ȱ)Î ÍÁÎÙ ÒÅÓÐÅÃÔÓȟ ÔÈÅ )4# ɍ)43/Ɏ ÏÐÔÉÏÎ ÍÁÙ ÂÅ ÖÉÅ×ÅÄ ÁÓ ÔÈÅ ÇÏÌÄ ÓÔÁÎÄÁÒÄ ÏÆ ÔÈÅ ÊÏÉÎÔ ownership and control structure. 

The only business of the ITC [ITSO] is transmission, so it has no incentive to discriminate against any particular customer. 

This contrasts with the option of a TSP [LTSO] owned by a single utility, which would have a strong incentive to favor its 

Ï×Î ÃÕÓÔÏÍÅÒÓȟ ÇÅÎÅÒÁÔÏÒÓȟ ÁÎÄ ÌÏÁÄÓȢ -ÉÔÉÇÁÔÉÎÇ ÔÈÅÓÅ ÔÅÎÄÅÎÃÉÅÓ ×ÏÕÌÄ ÒÅÑÕÉÒÅ ÃÏÎÓÉÄÅÒÁÂÌÅ ÒÅÇÕÌÁÔÏÒÙ ÉÎÔÅÒÖÅÎÔÉÏÎȢȱ  

Joskow (2006) 

Ȱ6ÅÒÔÉÃÁÌ ÉÎÔÅÇÒÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÒÁÎÓÍÉÓÓÉÏÎȟ ÇÅÎÅÒÁÔÉÏÎ ÁÎÄ ÍÁÒËÅÔÉÎÇ ÃÒÅÁÔÅÓ ÓÉÇÎÉÆÉÃÁÎÔ ÒÅÇÕÌÁÔory challenges to 

mitigate incentives to disadvantage generation and marketing rivals. Moreover, since the regulatory response to vertical 

integration is typically to require functional separation of the SO/TO functions from generation and marketing and to 

ÁÐÐÌÙ ÒÅÇÕÌÁÔÉÏÎÓ ÔÈÁÔ ÁÒÅ ÄÅÓÉÇÎÅÄ ÔÏ ÆÏÒÃÅ ÔÈÅ ÆÉÒÍ ÔÏ ÏÐÅÒÁÔÅ ÁÓ ÉÆ ÉÔȭÓ 3/Ⱦ4/ ÆÕÎÃÔÉÏÎÓ ÁÒÅ ÎÏÔ ÁÆÆÉÌÉÁÔÅÄ ×ÉÔÈ 

generation and marketing business, there are no social benefits to vertical integration between SO/TO function sand 

generation, marketing and other unregulated lines of business that make use of the affiliated transmission network. What 

is the point of continuing common ownership of entities regulators are trying to ensure behave completely 

ÉÎÄÅÐÅÎÄÅÎÔÌÙȩȱ 

Thomas (2007a) 

"The need for unbundling arises only if the intention is to make generation a competitive market. If generators are to 

compete on equal terms, access to the network should be available to all companies on non-discriminatory terms and at 

prices that reflect the costs that are actually incurred. The price might vary according to location of the power plant but, 

all things being equal, should not vary from company to company. Equally, retailers should be able to source their power 

from any reasonable source regardless of the ownership of the retailer or the generator they wish to deal with. Some form 

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, generation and retail to final consumers, in a liberalized electricity 

systemȱ 

Benitez (2007) 

"The combined ownership of transmission and generation by holding companies hampers the liberalization of the 

electricity industry. Holding companies have incentives to give their own generators (allied generators) preferential 

access to infrastructure capacity and curb competition by allocating minimal infrastructure capacity to competition new 

generators. To forestall possible abuse of its dominant position, regulating requires the holding company to allocate the 

access to transmission in a non-discriminatory, market-based, and efficient way." 

Léautier and Thelen (2008) 

"Cremer et al. (2006) conclude that, under certain circumstances, legal unbundling is superior to ownership unbundling. 

The intuition is as follows: if the network owner (upstream firm) is ownership unbundled, it reduces output (in that case, 

network capacity) to maximize its profits, ignoring the impact of its decision on downstream firms. On the other hand, 

under legal unbundling, the network provider internalizes the impact of its capacity decision on the margin of the 

downstream firms, and chooses capacity closer to the social optimum. The model seems to apply better to a gas pipeline 

provider than to a regulated power transmission company. Central to the results is that the profit of the downstream 

firms increases with the network capacity, as they can sell higher volumes to their customers. However in electricity many 

models find that the profit of a downstream firm decreases with the grid capacity. Therefore, applying Cremer et al. 

(2006) to the imperfect competition models of the power industry leads to the reverse conclusion: legal unbundling 

results in lower grid expansion." 

 

We can thus conclude that ITSO and ISO/ITO arrangements are superior to LTSO and ISO/LTO 

arrangements regarding Criterion 4. 
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Conclusion  

Table 1 summarizes our results. ITSO is clearly a superior organization for all the criteria except 

for the third . Other organizations are superior 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 

Criterion 1:  

Transaction cost savings 
+ + - - 

Criterion 2: 

PBR implementation 
+ + - - 

Criterion 3: 

Conflict of interest 
- - + +24 

Criterion 4: 

Non-discriminatory access 
+ - + + 

 

To rank the four institutional arrangements, we need to make assumptions regarding the weight 

of each criterion. Figure 3 recaps the six rankings assuming successively that (i) Criteria 1 

and/or 2 outweigh Criteria 3 and 4, (ii) Criterion 3 outweighs Criteria 1, 2 and 4, and (iii) 

Criterion 4 outweighs Criteria 1, 2 and 3.  

                                                             
24 For simplicity we consider that the ISO/ITO arrangement has properties similar to those of the ISO/LTO 

(even if there is a slight preference of ISO/ITO over ISO/LTO for Criterion 4).  
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Figure 3. Ranking for an isolated power system  
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Among the six identified possibilities, which are those that are reasonably more realistic?  We 

believe that criterion 3 should be considered as having less importance than the 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 disconnection management of National Grid, Section IV.1.). Conflict of interest related to 

maintenance decisions (such as planning of disconnections for maintenance purposes) can be 

easily solved by appropriate regulation (see the example of National Grid). Conflict of interest 

related to investment or reliability is more difficult to solve but they mainly affect efficiency in a 

marginal and discontinued way (a transmission company seldom has to choose between 

generation/distribution and transmission or to solve reliability concerns). Conversely, 

transaction costs savings, PBR implementation and non-discriminatory access issues affect 

efficiency in a continuous way (better 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 potential conflict of interest are lower than 

transaction costs (Criterion 1), benefits from PBR implementation (Criterion 2) and benefits 

from ensuring a non-discriminatory access (Criterion 4). Perez Arriaga (2005) has validated this 

statement for Spain25.  

Assuming that Criterion 3 is less important than other crit eria, Figure 3 shows that the ITSO 

ranks first whatever the relative weight of transaction costs (Criterion 1), of the benefits from an 

easier incentive regulation (Criterion 2) and of the benefits from non-discriminatory access 

(Criterion 4).  

In an isolated system, a well-designed ITSO is the first-best institutional arrangement. 

III.1.2. THE INFLUENCE OF THE WEIGHT OF CRITERIA ON THE DEFINITION OF A 

ȰSECOND BESTȱ INSTITUTIONAL ARRANGEMENT IN A NATIONAL ISOLATED SYSTEM 

This subsection ranks the four institutional arrangements. ITSO is theoretically the best 

arrangement in an isolated electric system but it is necessary to have rational elements to rank 

other arrangements as the first-best arrangement may not be politically easy to implement. 

Assuming that Criterion 3 is of less importance than the other criteria, we keep only two of the 

six possibilities in Figure 3:  

1. Transaction cost savings and/or benefits from PBR implementation 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 

operación del sistema dentro de una misma entidad societaria, REE, pero adoptando un conjunto de 

salvaguardas que en principio permitan obtener un nivel suficiente de separación entre las dos actividades." 

(Perez-Arriaga 2005). 4ÒÁÎÓÌÁÔÅÄ ÂÙ ÕÓ ÁÓȡ ȰConsidering the arguments presented in the last two 

paragraphs [conflict of interest and transaction costs savings] and international experiences, the White 

Paper is in favor of keeping the two transmission activities (system operator and transmission ownership) 

within the same company, REE, and of using a set of extra regulations to ensure the proper separation of the 

two ÁÃÔÉÖÉÔÉÅÓȱȢ  
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In this case, LTSO becomes the second-best 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 problem is not 

a big issue 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 non-discriminatory access.   

 

2. 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  

 

1 ITSO 

2 ISO/ITO 

3 ISO/LTO 

4 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. This may be the rationale behind ÔÈÅ %5 #ÏÍÍÉÓÓÉÏÎȭÓ 

preference. However, as we will see in the next section, when the criterion related to 

ÃÒÏÓÓ ÂÏÒÄÅÒ ÅÆÆÅÃÔÓ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÔÈÉÓ ÓÅÃÔÉÏÎȭÓ ÒÅÓÕÌÔÓ ÁÒÅ ÍÏÄÉÆÉÅÄȢ 
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To conclude, ÉÎ ÁÎ ȰÉÓÏÌÁÔÅÄȱ ÐÏ×ÅÒ ÓÙÓÔÅÍ ɉÎÏ ÉÎÔÅÒÃÏÎÎÅÃÔÉÏÎȟ ÏÒ Á $# ÉÎÔÅÒÃÏÎÎÅÃÔÉÏÎ 

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

ITSO appears to be the first-best arrangement. This is consistent with  the EU CommissionȭÓ ÖÉÅ×. 

Our analysis differs when determining the second-best arrangement: we do not find ISO/ITO 

and ISO/LTO to be systematically preferable to LTSO. The ranking depends on the relative 

weights of Criteria 1 & 2 (transaction cost savings and benefits from PBR implementation) and 

of Criterion 4 (benefits from ensuring a non-discriminatory  access). When transaction cost 

savings and/or benefits from PBR implementation outweigh the benefits from ensuring a non-

discriminatory access, LTSO ranks above ISO/ITO and ISO/LTO. When the benefits from 

ensuring a non-discriminatory access outweigh transaction costs savings and the benefits from 

PBR implementation, ISO/ITO and ISO/LTO rank above LTSO. This may be the justification for 

the EU CommissiÏÎȭÓ ÒÁÎËÉÎÇȢ  
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III.2. COMPARING WELL-DESIGNED ARRANGEMENTS IN AN INTERCONNECTED REGIONAL 

SYSTEM 

In the last section we compared well-designed institutional arrangements applied to a national 

isolated system. The problems of cross-border 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 more closely to the problem of continental Europe where a huge 

interconnected system is managed by transmission organizations that control only a part of the 

system. If the entire interconnected continental-European system was under the control of a 

single transmission company and under the oversight of a single regulatory agency, the 

conclusion of the previous section would be applicable. However, the current institutions in 

Europe do not correspond to this situation; on the contrary, multilayer regulations and 

fragmented coordination between national transmission companies are the 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/country26 

(Figure 4). Even though we do not yet have truly regional institutional arrangements27, 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, in follow-up research it would be interesting to 

study hybrid cases, considering different institutional arrangements in different countries. 
27 The association of electricity industries in Europe (Eurelectric) presented a proposal in favor of the 

creation of a Regional Independent system Operator (hereafter, 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 institutional arrangements for transmission.  
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Figure 4. National institutional arrangements for transmission in a regional electric system  

 

 

In order to compare institutional arrangements we proceed as follows. We first show that our 

previous conclusion on the superiority of ITSO over other arrangements in a national 

perspective no longer holds from a regional perspective. We then evaluate alternative 

arrangements. 

III.2.1 INTRODUCING THE REGIONAL PERSPECTIVE: BENEFITS OF REGIONAL INTEGRATION 

In this subsection we bring Criterion 5 concerning the benefits of regional market and 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 cross-border effects. The benefits from coordinating regional 

interconnected power systems are mainly the increase in cross-border competition and the 

internalization of cross-border externalities.28 It is important to note that almost all those 

benefits could be ÁÃÈÉÅÖÅÄ ÂÙ ÉÎÔÅÇÒÁÔÉÎÇ ÔÈÅ ȰÓÙÓÔÅÍ ÏÐÅÒÁÔÉÏÎȱ ÔÒÁÎÓÍÉÓÓÉÏÎ ÆÕÎÃÔÉÏÎÓ ɉ(ÏÇÁÎ 

2000).29 

Institutional arrangements that integrate transmission functions in the same company are more 

difficult to merge and to coordinate (Oren et al 2002; Joskow 2006; Rious 2007; Rious-Glachant 

2007; Smeers 2007a; Smeers 2007b). The reason is twofold: (1) national incentives associated 

with  transmission arrangements and (2) transmission property aspects. 

Regarding the first reason, ITSOs with strong incentives (e.g., PBR) to reduce national 

transmission costs have no (or very little ) interest to coordinate with neighboring transmission 

organizations (Glachant and Pignon 2006; Smeers 2007a & b). Glachant and Pignon (2006) have 

                                                             
28 Pre-ÒÅÓÔÒÕÃÔÕÒÉÎÇ ÏÆ ÔÈÅ ÐÏ×ÅÒ ÉÎÄÕÓÔÒÙȟ ÔÈÅ ÇÒÉÄȭÓ ÍÁÉÎ ÒÏÌe was to improve reliability and reduce the 

costs of meeting demand (Schweppe et al. 1988). Post-restructuring, the grid also serves to increase 

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

2000, Léautier 2001). 
29 It is important to remember that we are including planning functions within the System Operator 

activities. 
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shown that a TSO whose network is connected to an adjacent TSO can distort information 

exchange and 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 regulatory power fails to align national and regional 

incentives. Conversely, ISOs have no interest to distort coordination with one another because 

they have no incentive to reduce national transmission costs and because they follow some 

management protocols that can be changed more easily to integrate the regional perspective. 

Concerning the second reason, ISO arrangements facilitate mergers of System Operators and of 

System Operation to obtain most of the regional coordination benefits, while the ownership of 

national transmission assets is more frequently blocked in the hands of national owners by their 

respective governments. This complicates a merger between ITSOs because it supposes that 

national transmission assets will have to be transferred to a multinational (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 coordination of 

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 other 

words, individual transmission operators and investors may behave in a way that affects interconnected transmission 

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

of the separate ownership and control paradigm is that separation facilitates the system operations of the grid 

combining the transmission assets owned by diverse organizations ɀ e.g. utilities, private owners, municipalities - over 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 inter-SO 

capacity, and the more difficult it will be for separate market areas efficiently to coordinate wholesale trading of power 

and the allocation of scarcÅ ÔÒÁÎÓÍÉÓÓÉÏÎ ÃÁÐÁÃÉÔÙȣ )ÎÔÅÒÎÁÌÉÚÉÎÇ ÉÎÔÅÒ-SO links through horizontal integration is likely 

to lead to less congestion and more transmission investment." 

 

Smeers (2007a) 

 

"Each TRANSCO [ITSO] operating under incentive regulation would still have a strong incentive to move its costs (at both 

investment and operation level) to its neighbor. Will it really be easier to regulate the 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 to substantiate 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 ISO (RIO) of Great BritainȭÓ power system; the case of Nordic countries and the case of 

Australia. We summarize here the main conclusions.  

Á National Grid as RIO of the Great-Britain power system: after the introduction of BETTA 

(British Electricity Transmission and Trading Arrangements) in 2005, regional 

performances have improved considerably. Coordination between regions has improved 

competition between generators (generating an estimated annual profit of around £10 

million  leading to a decrease of 0.5% in final prices in Scotland). Furthermore, the 

introduction of locational signals30 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 set-up cost for this regional 

coordination is significant, Brattle estimates that benefits outweigh costs. This is a good 

example of the relative ease with which ISO functions can be extended to larger 

geographical zones, leading to significant benefits. The role of two key factors should not 

be minimized in this success:  (i) Great Britain is an island which means that cross-

border issues are not crucial; and (ii) a strong regulator covers the whole zone.    

Á Nordic Countries: the Nordic region is characterized by a regional interconnected power 

system combined with different national arrangements that correspond to our definition 

of ITSO (Léauthier & Thelen, 2008). National ITSOs co-operate on a voluntary basis 

through an association created for that purpose, Nordel. This voluntary cooperation may 

seem to be sufficient to generate benefits from regional integration. However, evidence 

tends to suggest that this voluntary system is not adequately promoting regional 

integration. Investments appear to be decided mainly on a national basis, primarily  

because of the lack of an effective mechanism for the ITSOs to compensate one another 

for the system costs imposed by cross-border 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 regulators decides to 

increase incentives on (national) cost reductions, this could yield to an even weaker 

cooperation. In this case, voluntary cooperation appears to be insufficient to promote 

regional integration.  

Á Australia: the situation in Australia is quite similar to that of Nordic countries.  Australia 

also relies on voluntary cooperation between the ITSOs of each state. Again voluntary 

cooperation appears not to be enough to ensure an efficient system planning31, 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 regulator. ISOs, on the other hand, appear to be easier to coordinate 

                                                             
30  Locational or geographically differentiated tariffs were first applied by National Grid in England and 

Wales and then, in 2005, thr oughout Great Britain. This type of tariff sends locational signals to indicate to 

transmission users good locations for new generation or consumption (Joskow 2006).  
31 "A recent comprehensive study commissioned by the Australian government concluded that "transmission 

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 is biased toward investment within 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 seem to facilitate their expansion across larger zones. In the following we 

briefly present the example of PJM (Rious 2007) which successfully expands its control over 

larger zones and voluntarily coordinates with neighboring ISOs (MISO and TVA).   

PJM is the ISO32 in several states in the Northeast of the USA (e.g. Pennsylvania, Jersey and 

Maryland) (see section IV.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 relatively high concentration: the potential for market power in generation is 

high. In this context, PJM generates substantial benefits by expanding its control zone and 

voluntar ily coordinating with neighboring ISOs (Costello 2001; Glachant et al 2005).  Since 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 years (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 of the regional system) (MISO-PJM 2004; MISO-

PJM-TVA 2005). This example supports the idea that ISOs are easy  to coordinate on a regional 

basis.       

We can thus conclude that ISO/ITO and ISO/LTO arrangements are more suitable than ITSO and 

LTSO arrangements regarding Criterion 5.  

III.2.2. HAVING AN ITSO IN EACH NATIONAL SYSTEM IS NOT ALWAYS THE FIRST-BEST 

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 cost savings 
+ + - - 

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 PJM here as an ISO arrangement. In U.S. terminology, PJM is a 

special Independent System Operator (ISO) called a Ȱ2ÅÇÉÏÎÁÌ 4ÒÁÎÓÍÉÓÓÉÏÎ /ÒÇÁÎÉÚÁÔÉÏÎȱ (RTO) which 

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 (equivalent to the 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 successively 

that (i)  Criteria 1 and/or 2 outweigh Criteria 4 and 5, (ii) Criterion 4 outweighs Criteria 1, 2 and 

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

 


